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PART  XIII. 

(Cantinued.) 

DISEASES  AND  INJURIES  OF  JOINTS, 


DISLOCATIONS. 

By  EMMET   RIXFORD,  M.D.,  San  Francisco,  California. 


GENERAL  CONSIDERATIONS. 

A  Dislocation  is  commonly  defined  as  a  pennanent  displacement  of  the 
articular  ends  of  the  bones  forming  a  joint.  Most  wTiters  insist  upon  the  word 
"permanent"  in  the  definition,  in  order  to  distinguish  between  the  displace- 
ments which  persist  and  those  which  are  but  momentar>%  classifying  the  latter 
injuries  as  sprains. 

The  term  Dislocation  is  conventionally  Ihnited,  so  far  as  the  bony  frame- 
work of  the  body  is  concerned,  to  such  displacements  as  occur  in  perfect  or 
complete  joints  (diarthroses),  while  the  term  Diastasis  (standing  apart)  is  used 
to  designate  traumatic  displacements  in  the  so-called  imperfect  or  "half"  joints, 
such  as  the  sacro-iUac  synchondroses,  the  symphysis  pubis,  and  the  johit  between 
the  manubrium  and  the  remainder  of  the  sternum  (amphiarthroses),  and  occa- 
sionally in  the  fixed  joints  (synarthroses).  Traumatic  separation  of  the  epiphyses 
from  the  shaft  or  body  of  a  bone  is  also  commonly  called  a  diastasis,  but,  since 
these  lesions  and  the  displacements  in  the  fixed  joints  are  more  allied  to  fractures, 
they  are  classified  and  described  with  them  rather  than  with  the  dislocations. 
In  diastases  the  displacement  is  often  at  right  angles  to  the  plane  of  the  articular 
surfaces,  permitting  a  considerable  degree  of  lateral  mobility  in  various  dh-ec- 
tions;  and,  while  reduction  may  be  effected  in  these  cases  by  simple  pressure, 
retention  may  be  most  difficult. 

Clinically  a  sharp  distinction  is  to  be  made  between  a  complete  dislocation 
(luxation)  and  a  partial  (subluxation),  for  in  the  former  the  displacement  is 
so  great  that  the  articular  surfaces  have  completely  slipped  by  each  other  and 
remain  in  contact  only  by  their  opposite  edges,  in  which  position  and  by  reason 
of  this  very  "slipping  by"  of  their  articular  ends  the  bones  are  locked  in  a 
position  of  equilibrium.  The  ligaments,  tendons,  etc.,  which  have  escaped 
rupture  are  for  the  most  part  relatively  more  relaxed  than  at  the  moment  when 
the  dislocation  passed  from  the  limits  of  partial  dislocation  and  became  com- 
plete. As  a  result  of  this  relaxation  of  ligaments,  there  is  permitted  in  most 
complete  dislocations  a  certain  degree  of  motion.  Pathologically  the  differences 
between  partial  and  complete  dislocations  are  slight,  being  simply  those  of  de- 
gree; ligaments  are  more  widely  torn  and  periosteum  more  extensively  stripped 
from  the  bone  in  the  latter. 

3 


4  AMERICAN  PRACTICE  OF  SURGERY. 

Dislocations  are  commonly  divided  etiologically  into  three  great  classes — 
congenital,  pathological,  and  traumatic,— the  first  being  present  at  birth  and  ac- 
companied by,  if  not  the  result  of,  defective  development;  the  second,  the  result 
of  disease  by  which  the  contour  of  the  articular  ends  of  the  bones  or  the  resist- 
ance of  the  hgaments  which  limit  the  motions  of  a  joint  are  so  altered  as  to  per- 
mit of  displacement  occurring  with  little  or  no  force  applied;  and  the  third  being 
produced  by  trauma  in  a  substantially  normal  joint. 

As  are  fractures,  so  dislocations  are  said  to  be  simple  or  comphcated, — a 
distinction  which  is  convenient  and  of  practical  value, — but  between  the 
two  there  is  no  sharp  line  of  demarcation.  In  the  simplest  dislocation  there 
is  some  damage  done  the  neighboring  tissues — ligaments  are  stretched  or  torn, 
periosteum  is  stripped  up — and  an  infinite  number  of  degrees  of  such  damage 
may  exist.  The  complications  which  are  commonly  considered  in  this  connection 
are  fracture,  epiphyseal  separation,  laceration  or  pressure  paralysis  of  nerves 
and  injury  to  blood-vessels,  tendons,  muscles,  etc.,  in  proximity  to  the  joint. 
It  should  not  be  overlooked  that  a  compHcation  related  to  some  other  part  of 
the  body  may  attend  or  follow  dislocation  and  be  the  graver  condition. 

Dislocations  are  also  divided  into  subcutaneous,  or  simple,  and  compound, 
indicating  non-exposure  or  exposure  to  the  air — an  old  distinction  antedating 
exact  knowledge  in  the  field  of  infection.  It  has  been  suggested  that  ''infected" 
would  be  a  preferable  term  to  "compound"  as  better  expressing  the  distinction. 
While  the  word  "compound"  in  itself  does  not  express  any  pathological  dis- 
tinction, common  usage  Avould  seem  to  require  its  retention,  for  while  an  open 
fracture  or  a  dislocation  may  not  otherwise  differ  in  the  matter  of  danger  to 
life  or  time  of  healing  from  a  subcutaneous  one,  the  liability  of  infection  should 
be  recognized  and  proper  precautionary  measures  be  taken  to  prevent  it.  An 
infected  dislocation  is  a  serious  matter  and  often  requires  prompt  and  efficient 
drainage  of  the  joint  to  prevent  septic  absorption  and  destruction  of  the  joint 
surfaces  and  consequent  ankylosis;  in  the  case  of  the  larger  joints  failure  in 
this  is  likely  to  lead  to  a  fatal  termination. 

When  a  bone  is  dislocated  at  both  ends,  the  dislocation  is  said  to  be  double, 
or,  by  some,  total.  In  the  case  of  those  bones  which  articulate  on  both  sides  of 
the  body,  such  as  the  lower  jaw  and  vertebra?,  dislocation  may  be  unilateral  or 
bilateral,  and  the  latter  is  sometimes  called  "  total."  As  there  is  much  ambiguity 
in  the  use  of  the  term  "total"  as  applied  to  dislocations,  it  may  well  be  dropped. 

By  habitual  dislocation  is  designated  a  condition  of  particular  susceptibiUty 
of  a  joint  to  dislocation  brought  about  most  generally  by  unequal  muscular 
tone  or  unequal  bone  develo]micnt,  or  by  lengthening  of  the  ligaments  and 
capsule,  so  that  comparatively  slight  force  will  produce  dislocation.  Such  a 
condition  is  allied  to  pathological  dislocation  in  that  stretching  of  the  capsule 
and  ligaments  may  be  the  result  of  effusion  into  the  joint,  but  it  is  oftener 
simply  the  result  of  previous  luxation  of  the  joint  followed  by  imperfect  heal- 
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ing,  by  which  some  of  the  ligaments  of  the  joint  may  have  been  lengthened. 
This  is  particularly  true  if  the  dislocation  be  once  or  twice  repeated.  Habit- 
ual luxation  is  most  common  in  the  shoulder  because  of  the  shallo\Miess  of  the 
glenoid  fossa  and  the  unusual  dependence  of  the  joint  on  the  tension  of  liga- 
ments and  muscles  for  stabiUt}'. 

Closely  allied  also  to  habitual  dislocation  and  to  pathological  dislocation  is  so- 
called  spontaneous  dislocation,  by  which  is  meant  a  condition  of  a  joint  in  which 
the  patient  can,  voluntarily,  by  making  certain  movements,  throw  the  joint  out. 
Like  habitual  dislocation  the  spontaneous  is  more  common  in  the  shoulder  and 
is  more  frequent  in  eai^ly  life  than  in  later  years.  It  would  seem  also  to  be  allied 
to  congenital  dislocation,  because  when  present  in  otherwise  sound  children  it  is 
apt  to  be  the  result  of  defective  development,  antl  in  certain  striking  instances  has 
been  multiple  in  the  same  individual  and  has  been  present  in  several  members 
of  a  family.  During  the  course  of  exhausting  diseases,  especially  in  childhood  — 
scarlatina,  typhoid — the  hips  and  the  shoulders  are  occasionally  dislocated 
with  no  greater  traumatism  than  that  incident  to  lifting  or  moving  the  patient 
in  bed,  and  the  dislocation  is  clearly  the  result  of  atrophy  and  relaxation  of  the 
structures  limiting  the  range  of  motion  of  the  joint.  In  many  cases  spontaneous 
dislocation  is  partial,  as  is  shown  in  many  individuals  v»ho  can  by  over-extension 
of  the  thumb  produce  a  subluxation  of  the  metacarpo-phalangeal  joint  poste- 
riorly, while  others  can  at  will  produce  a  subluxation  of  the  shoulder  by  simply 
relaxing  the  deltoid  muscle.  Some  individuals,  especially  young  girls,  whose 
joints  often  permit  of  an  extraordinarily  wide  range  of  motion,  readily  hyper- 
extend  the  elbows  and  shoulders,  in  which  positions  dislocation?  of  these  joints 
are  easily  produced. 

Old  dislocation  is  an  expression  often  apphed  to  a  dislocation  which  can  be 
reduced  only  with  great  difficulty,  cliiefly  because  of  the  changes  that  have 
taken  place  in  the  parts  by  reason  of  the  length  of  time  that  has  elapsed  since 
the  occurrence  of  the  dislocation.  Because  of  the  complexity  of  the  subject, 
it  would  seem  impracticable  to  de\ise  a  perfectly  consistent  classification  of 
dislocations.  Attempts,  for  example,  satisfactorily  to  classify  dislocations 
according  to  the  direction  and  character  of  the  causative  forces  have  proven 
failures.  The  conventional  classification  of  Malgaigne,  which  has  been  generally 
adopted,  is  anatomical.  It  is  based  on  the  static  condition  presented  after  the 
act  of  dislocation  is  completed,  and  is  not  concerned  with  the  mechanism  by 
which  the  displacement  is  brought  about.  Primarily,  of  two  bones  forming  a 
joint,  that  which  has  been  moved  out  of  its  normal  relation  to  the  other  may 
properly  be  said  to  be  the  one  dislocated.  Tliis  is  not  necessarily  always  the 
distal,  yet  is  more  commonly  so.  The  conventional  classification  then  simply 
assumes  for  purposes  of  description  that  it  is  always  so;  i.e.,  that  the  bone 
which  is  farthest  from  the  axis  of  the  body  is  the  one  said  to  be  dislocated. 
Thus,  one  would  speak  of  a  dislocation  of  the  upper  end  of  the  tibia  rather  than 
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of  the  lower  end  of  the  femur,  independently  of  whether  in  a  given  case  the 
dislocation  was  produced  by  movement  of  the  leg  on  the  fixed  thigh  or  of  the 
thigh  and  body  on  the  fixed  leg,  as  sometimes  occurs  when,  in  falUng,  a  man's 
leg  is  caught  between  timbers,  and  the  injury  to  the  joint  is  produced  by  the 
momentum  of  the  rest  of  the  body. 

The  rule  is  sometimes  enunciated  as  follows:  Of  the  bones  forming  a  joint, 
that  is  said  to  be  dislocated  which  is  farthest  from  the  head  when  the  patient 
is  standing  erect  with  the  hands  at  the  side.  The  objection  to  this  statement  is . 
that  it  would  require  the  lower  of  two  vertebrae  to  be  designated  as  the  one  dis- 
located, while  general  usage  insists  upon  the  reverse,  except  in  the  case  of  the 
coccyx.  For  example,  in  the  relatively  common  atlanto-axial  dislocation  the 
atlas  rather  than  the  axis  is  said  to  be  dislocated.  Practically,  therefore,  the 
sacrum  is  taken  as  the  central  point  rather  than  the  head,  and  this  is  after  all 
the  more  consistent  because  the  support  of  the  spinal  column  is  from  the  sacrum. 
Moreover,  the  vertebrse  diminish  in  size  from  below  upward. 

An  exception  to  the  rule  is  presented  by  dislocation  of  the  acromio-clavicular 
joint,  where  usage  decrees  that  the  injury  shall  be  described  as  dislocation  of  the 
outer  end  of  the  clavicle.  Doubtless  the  reason  for  this  is  the  fact  that  the 
clavicle  is  so  much  smaller  than  the  scapula  and  appears  to  be  the  bone  moved 
in  the  dislocation.  However,  there  is  a  tendency  among  surgeons  of  late  to 
use  the  term  "dislocation  of  the  scapula."  Again,  dislocation  of  the  distal 
radio-ulnar  joint  is  generally  described  as  dislocation  of  the  heatl  of  the  ulna, 
although  the  ulna  is  relatively  more  fixed  than  the  radius  in  relation  to  the 
framework  of  the  body. 

As  said  above,  the  term  dislocation  is  applied  by  preference  to  the  thing  which 
is  moved  out  of  place,  viz.,  the  bone;  and  while,  by  metonymy,  one  may  speak 
properly  enough  of  the  dislocation  of  a  joint,  meaning  the  state  of  disorganiza- 
tion of  a  joint  consequent  on  the  displacement  of  one  of  its  constituent  bones, 
that  expression  fails  to  describe  the  condition  when  several  bones  enter  into  the 
formation  of  a  joint  and  one  or  more  of  them  are  displaced.  In  the  strife  for 
accuracy  some  writers  speak  of  dislocation  "in  a  joint,"  and  others  go  so  far  as 
to  consider  only  dislocation  "at  a  joint." 

A  dislocation  may  be  conveniently  described  in  direction  by  the  simple  pre- 
fix of  forward,  backward,  upward,  downward,  inward,  or  outward,  when  the  term 
is  applied  to  a  bone. 


PATHOLOGICAL  DISLOCATIONS. 

Destructive  alterations  of  joints  occur  in  a  variety  of  diseases  both  general 
and  local.  Of  the  former,  tabes  dorsalis  and  syringomyelia  are  most  prominent, 
and  their  local  manifestations  in  the  joints,  called  neuropathic  arthritis,  fre- 
quently lead  to  spontaneous  luxation.    Syphilis  may  also  cause  destructive  in- 
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flammation  of  a  joint.  Among  local  diseases  leading  to  disorganization  of 
joints  permitting  dislocation  are  tuberculosis,  suppurative  arthritis,  osteomyeli- 
tis, arthritis  deformans  (Fig.  1),  and  tumors. 

Neuropathic  arthritis  affects  by  preference  the  large  joints,  most  frequently 
the  knee  and  hip  in  tabes,  and  the  elbow  and  shoulder  about  as  frequently  m 
syringomyelia.  Without  going  into  the  pathologj'  and  s\Tnptomatology  of 
these  affections,  it  may  be  stated  that  luxation  is  permitted  by  relaxation  of  the 
joint  capsule  and  Ugaments  consequent  on  the  distention  of  the  joint  which  oc- 
curs in  the  early  stages  of  neuropathic  arthritis  and  is  followed  by  more  or  less 
degeneration  of  the  joint.     A  slight  trauma  will  then  produce  luxation.     Later, 


Fig.   1. — Multiple  Dislocations  of  the  Carpal  Phalanges,  the  Result  of  Arthritis  Deformans. 
(Roentgen  Department  of  I.ane  Hospital,  San  Francisco.) 


the  cartilages  are  eroded  and  the  ends  of  the  bones  finally  absorbed  to  so  great 
an  extent  as  to  offer  no  obstruction  to  the  articular  ends  of  the  bones  sHpping 
past  one  another.  At  times  this  process  is  accompanied  by  extensive  growth  of 
osteoph\i:cs  at  the  edges  of  the  intact  periosteum,  so  that  gi'eat  deformity  may 
exist,  with  limitation  of  movement.  Neuropathic  joints  are  seldom  painful,  so 
that  comparatively  little  distress  is  caused  the  patient  by  the  local  manifestation 
of  the  disease  or  by  the  dislocation.  Conditions  are  somewhat  different  in  the 
knee,  where,  if  the  displacement  be  great,  the  weight -bearing  function  is  lost. 
Therapeutically,  for  the  knee,  there  is  little  to  be  done,  although  in  a  few  cases 
resection  has  restored  the  weight-bearing  function.     (Hildebrandt.)  ^ 

Spastic  contraction  of  muscles  alone  may  cause  dislocation,  as  occurred  in 
the  hip  in  a  case  observed  by  the  ^Titer,  the  result  of  a  tumor  of  the  dorsal 
spinal  cord.  The  hip  was  continuously  flexed  and  adducted  when  the  head  of  the 
bone  finally  was  forced  out  of  the  acetabulum,  downward  and  backward. 
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In  the  secondary  stages  of  syphilis,  various  joints  may  be  distended  with  a 
serous  effusion  which  may  so  stretch  the  ligaments  as  to  permit  of  dislocation, 
and  in  tertiary  stages  destructive  processes  in  the  bones  may  lead  to  the  same 
deformity. 

Tuberculosis  causes  pathological  luxation  by  its  destructive  action  on  liga- 
ments as  well  as  on  the  ai'ticular  ends  of  the  bones  of  a  joint.  It  may  affect  any 
joint,  but  is  more  common  in  the  hip  and  knee.  In  practically  every  case  of  ex- 
tensive tuberculosis  of  the  knee  joint  there  is  subluxation  of  the  tibia  posteriorly, 
and,  although  this  seldom  progresses  to  a  definite  dislocation,  it  occasionally  does 
so.  In  the  hip  the  disease  may  erode  away  the  upper  rim  of  the  acetabulum 
as  well  as  the  head  of  the  femur,  thereby  destroying  the  structures  which  limit 
the  upward  thrust  of  the  femur,  and  giving  rise  to  a  backward  or  iliac  luxation. 
The  escape  of  the  head  of  the  femur  from  the  acetabulum  may  take  place  sud- 


FiG.  2.— Pathological  Dislocation  of  the  Head  of  the  Radius  Forward,  in  Tuberculosis  of  the 
Elbow.     (Koentgen  Department  of  Lane  Hospital,  San  Francisco.) 

denly,  but  more  often  it  is  a  gradual  transit.  This  condition  most  often  calls 
for  resection  of  the  joints  affected.  The  prognosis  is  much  better  in  young 
subjects,  but  the  indications  for  resection  or  amputation  should  be  sought  in 
the  articles  on  orthopedic  surgery  and  diseases  of  joints.     (See  Fig.  2.) 

Suppurative  arthritis,  i.e.,  arthritis  due  to  the  ordinary  pus-producing 
bacteria,  may  cause  so  great  an  amount  of  necrosis,  particularly  in  the  epiphyses, 
as  to  }>ermit  of  pathological  dislocation.     (See  Fig.  3.) 


DISLOCATIONS. 


CONGENITAL  DISLOCATIONS. 

This  part  of  the  subject  is  discussed  further  on  in  the  present  volume,  in 
the  section  devoted  to  orthopedic  surgery. 

TRAUMATIC  LUX.\TIOXS  IX  GENERAL. 

Etiology. — A  priori,  other  things  being  equal,  the  joint  having  the  greatest 
range  of  mobility  should  be  the  lea^st  frequently  dislocated,  because  of  its  yielding 
to  forces  tending  to  dislocation,  but  cUnicall}'  almost  the  direct  opposite  is  the 
fact.  The  shoulder  joint  has  the 
widest  range  of  mobility  and 
is  the  most  frequently  dislocat- 
ed of  all  the  joints  of  the  body. 
Of  the  joints  of  the  spinal  col- 
umn, which  are  anatomically 
similar,  the  atlanto-axial  joint 
has  freest  mobility  and  greatest 
frequency  of  dislocation.  The 
reason  is  that, other  things  are 
not  ecjual.  Joints  with  the 
widest  range  of  mobility  are 
thereby  of  necessity  most  de- 
pendent for  their  stabihty,  not 
on  the  bony  parts,  but  on  the 
tension  of  soft  structures.  It 
happens  also  that  those  joints 
which  have  greatest  mobility 
are  frequently  the  most  exposed 
to  injury  and,  as  in  the  case  of  the  shoulder,  one  can  only  say  that,  if  the  mo- 
bility were  less,  dislocation  would  be  still  more  frequent  than  it  is. 

Most  true  dislocations  are  protluced  primarily  by  "lever  action,"  the  bone 
dislocatetl  being  forced  beyond  the  limit  of  one  or  other  of  its  normal  motions,  as 
in  flexion  or  extension  by  which  the  ligaments  ordinarily  Umiting  this  motion 
are  torn;  the  resistance  of  these  ligaments  being  overcome,  the  causative  force 
is  free  to  Uft  the  articular  surfaces  apart,  acting  on  the  bone  as  on  a  lever — the 
fulcrum  in  the  moment  of  dislocation  usually  being  the  point  of  contact  of  the 
bones  on  the  side  of  the  joint  opposite  to  that  of  the  torn  ligaments  at  a  con- 
siderable distance  from  the  axis  of  the  normal  movement  of  the  joint.  Perhaps 
the  simplest  example  of  such  lever  action  is  in  the  common  backward  dislocation 
at  the  elbow,  in  which  at  the  limit  of  extension  the  ligaments  on  the  volar  side  are 


Fig.  3. — Pathological  Dislocation  of  Both  Bones  of  the 
Forearm  Backward  in  Suppurative  Arthritis  of  the  Elbow. 
(Roentgen  Department  of  Lane  Hospital,  San  Francisco.) 
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put  on  the  stretch  and  the  tip  of  the  olecranon  is  in  contact  with  the  humerus  in 
the  olecranon  fossa.  Continuance  of  force  in  the  direction  of  extension  lifts  the 
articular  surface  of  the  ulna  off  that  of  the  humerus,  the  tip  of  the  olecranon  being 
at  the  fulcrum.  But  this  is  not  yet  a  true  dislocation.  Were  there  no  other 
element  of  force  active,  or  if  the  force  were  to  cease  at  this  point,  the  bones 
would  fall  back  into  place  and  the  resulting  lesion  would  be  a  sprain.  To  pro- 
duce the  posterior  dislocation  an  additional  force  must  be  active, — viz.,  a  thrust 
in  the  direction  of  the  shaft  of  the  ulna  by  which  the  olecranon  is  forced  up  on  the 
posterior  surface  of  the  humerus,  stripping  up  the  periosteum  and  causing  the 
coronoid  process  (if  not  broken  off)  to  slip  into  the  olecranon  fossa.  Since  such 
a  dislocation  is  most  frequently  produced  by  a  fall  forward  on  the  outstretched 
hands  the  longitudinal  component  may  be  greater  than  that  producing  exten- 
sion, but,  being  resisted  by  the  interlocked  bones,  is  not  active  in  producing  dis- 
placement until  hyperextension  has  lifted  the  joint  surfaces  apart  by  "lever 
action." 

Similarly,  in  nearly  all  dislocations  the  conditions  are  more  or  less 
complicated — there  are  active  a  number  of  forces  differing  in  direction, 
in  intensity  and  range  of  activity, — those  which  are  active  through  means 
of  levers  may  be  of  relatively  great  or  small  importance  according  to  cir- 
cumstances. 

In  dislocations  of  some  of  the  short  bones,  e.g.,  the  semilunar  bone  in  the 
wrist,  it  is  difficult  to  see  how  "lever  action"  plays  much,  if  any,  part. 

In  a  much  smaller  number  of  dislocations  the  effective  force  is  a  simple 
thrust,  e.g.,  the  humerus  is  dislocated  downward  and  forward  in  a  considerable 
proportion  of  cases  by  blows  on  the  point  of  the  shoulder.  The  position  of  the 
limb  at  the  moment  of  application  of  such  a  thrust  will  make  dislocation  more 
or  less  likely. 

Akin  to  direct  thrust  is  transmitted  thrust,  by  which  a  short  bone, 
being  squeezed  between  two  other  bones,  may  be  pinched  or  forced  out 
of  place— "cherry-stone"  theory  of  dislocation  of  the  carpal  semilunar 
bone.  (Albertin.)  By  transmitted  thrust  either  end  of  the  clavicle  may  be 
dislocated. 

The  primary  positions  of  bones  dislocated  are  few  as  compared  with  the 
secondary  positions  which  are  produced  by  persistence  of  action  of  the  causative 
forces  after  dislocation  has  been  produced  or  by  the  application  of  new  forces 
as  when  the  position  of  a  dislocated  limb  is  changed  by  solicitous  friends  in 
misdirected  efforts  at  reduction;  e.g.,  in  dislocations  of  the  hip  the  primary 
position  of  the  head  of  the  femur  is  most  frequently  below  the  acetabulum,  but 
secondarily  it  is  thrown  anteriorly  or  posteriorly,  in  fact  may  be  forced  into 
almost  any  jwsition  about  the  acetabulum,  separating  the  capsule  from  its 
neighboring  structures  and  occasionally  even  twisting  the  capsule  around  the 
femoral  neck. 
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Frequency  of  Dislocations. — The  following  tables  are  taken  from  Stim- 
son's  "Fractures  and  Dislocations,"  revised  fifth  edition,  1907,  and  are  repro- 
duced in  full. 

"Compared  with  other  surgical  injuries,  dislocations  are  infrequent;  the 
proportion  to  fractures  is  about  1  to  10. 

"  These  tables  show  the  great  relative  frequency  of  dislocations  of  the  upper 
extremity  as  compared  with  those  of  the  lower.  Each  set  of  statistics  shows  that 
dislocation  of  the  shoulder  is  far  more  common  than  that  of  any  other  joint, 
and  that  next  in  frequency  come  dislocations  of  the  elbow.  These  two  disloca- 
tions may  be  estimated  as  together  comprising  from  two-thirds  to  three-fourths 
of  all  cases,  excluding  the  phalanges. 

"As  between  males  and  females,  Malgaigne  andGurlt  found  the  injury  three 
times  as  frequent  in  the  former  as  in  the  latter;  Kroenlein  found  it  five  times 
as  great.  Dislocations  of  the  lower  jaw  are  an  exception,  being  four  times 
(Kroenlein)  as  frequent  in  women  as  in  men. 

Dislocations    at  the  Hudson-  Street  Hospital,    Xew  York,  1894-1905.     Hospital  and 

DisPEXSARY.     (Lewis  A.  Stimsox.) 

Hip,  dorsal 19  ^ 

"     thyroid 3  I 

Knee 12 

Semilunar  cartilage l.T  | 

Patella,  outwnrd 9  it  -_i        -^      on     -or. 

TT     ,    r  ^-,    1               •  >  Lower    extremitj',  89 — 0.82  per  cent. 

Head  of  nbula 1  "^ 

Ankle 5 

Astraguliis 5 

Subastragaloid. 5 

Metatarsus  and  phalanges 17 

Cla\-icle,  outer  end 69^ 

"        sternal  end 12 

Shoulder 617 

Elbow 156 

Head  of  radius* 18 

L'lna,  upper  end 13 

p  V  tapper  extremity,  1,368 — 89.59  percent. 

"       trapezium 1 

"       semilunar 5 

"       scaphoid 3 

"       OS  magnum 1 

Metacarpal 80 

Metacarpo-phalangeal  and  phalangeal  .  .  378  J 

Lower  jaw 61  ^ 

Vertebrae 6  ! 

Chondro-sternal 1  [  ^^^^  ^"^  trunk,  70— 4. 58  per  cent.    . 

Sacro-iliac  sjTichondrosis 2  ) 

1,527 
*  Including  cases  with  associated  fracture. 
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Table  of  Four   Hundred  Recent  Traumatic  Dislocaiions.     Hospital  and  Polyclinic. 

(Kroenlein,*  as  Given  by  Stimson  in  "Fractures  and  Dislocations," 

Fifth  Edition,  1907.) 


Joints. 


Sex. 


Knee. 


Shoulder , 


Iliac 4 

Hip J  Obturator 2 

(Pubic j     1 

j  Lateral i     4 

(  Patella  outward |:     2 

Foot Backward 1 

Metatarso-phalangeal 3 

Subcoracoid  and  | 
axillary  f 

Erecta 

Infrappinous 

Elbow  j  ^^  forearm  backward 

(  Of  radius 

Wrist Dorsal  of  ulna 

Metacarpo-phalangeal 

Interphalangeal . 

Sterno-clavicular 

Acromio-clavicular 

j  Unilateral 

I  Bilateral 

Cervical  vertebrae 


Lower  jaw 


180 

3 

1 

77 

9 

1 

23 

7 

4 

11 

2 


Age. 


22 


1 
2  53 


2 
48  35 


44  69  88  65  60  48  23    3 


400 


Totals. 


4 

3 

1 

4| 

3f 


203 
3 


n 


94  I 
15  f 


4) 
6f 


2 
3 

207 

109 

1 

27 

8 

6 

11 

10 


400 


Percentages 

of 
Frequency. 


2"l    I 
I  I  II 

0.5      ^  :S 
0.7j  h-; 


51.71 


27.2 


0.2 
6.7 
0.2 
1.5 

2.7j 
2.5)  "c  c^ 

^  2  II 


0.2 


S  CO 


*  Deutsche  Chirurg'e,  Lief.  26,  p.  5. 

"  The  following  table  summarizes  the  other  two  with  Malgaigne's  statistics 
of  the  Hotel-Dieu : 


Mal;^aigne,  hospital 

Kroenlein,  hospital  and  polyclinic.  . 
Stimson,  hospital  and  dispensary  . . 


Ca^es. 


491 

400 

1,527 


Upper  Extremity. 


Per  cent. 
85 . 7 
92.2 
89.59 


Lower  Extremity. 


Per  cent. 
12.6 
5.0 
5.82 


Trunk. 


Per  cent. 
1.6 

2.8 
4.58 


"  Age :  No  age  is  exempt ;  dislocations  have  occurred  as  early  as  the  moment 
of  birth  and  as  late  as  the  age  of  ninety  years.  The  relative  liability  to  the  injury 
at  different  ages  is  shown,  not  by  simply  comparing  the  number  of  cases  observed 
at  those  ages,  but  by  also  comparing  the  numbers  of  people  at  those  ages 
living  in  the  community  where  the  observation  is  made.  This  comparison  has 
been  made  by  Kroenlein  for  Berlin,  with  the  following  results: 
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Frequency  of  Dislocation'  at  Different  Ages. 
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• 

Age  Decades. 

1-10    11-20  1  21-30  ;  31-40  '  41-50 

1             1 

51-60 

61-70 

71-80 

Absolute  frequency 

Relative  number  of  people  living. . . . 

Relative  frequency  as  computed  for 

equal  number  of  people 

44         69 
1,872     1,620 

10          18 

88         65 
2,529     1,679 

15  !       16 

60 
940 

27 

48 
599 

35 

23 

282 

35 

3 

117 

10+ 

"  From  this  it  appears  that  a  smaller  proportion  of  individuals  between  the 
ages  of  1  to  10  and  71  to  80  years  receive  dislocations  than  in  any  other  dec- 
ade of  life;  and  the  highest  proportions  are  found  between  the  ages  of  51  to  60 
and  61  to  70.  It  is  further  to  be  noticed  that  dislocation  of  the  shoulder  is  very 
rare,  and  that  of  the  elbow  very  common,  before  the  age  of  21  years.  Kroenlein's 
table  shows  that  of  207  cases  of  the  shoulder,  in  only  2  were  the  patients  less  than 
21  years  old,  and  that  of  109  cases  of  the  elbow  80  were  no  older,  the  age  in  31 
being  between  1  and  10  years,  and  in  49  between  11  and  20  years.  Compared 
with  fractures,  it  appears  that  the  liability  to  dislocation  is  least  during  those 
periods  of  life  in  which  the  liability  to  fracture  is  greatest ;  that  is,  in  infancy  and 
youth  and  in  old  age ;  the  latter  part  of  this  statement  may  need  some  modifica- 
tion, for  while  dislocations  are  rare  after  the  age  of  70,  they  are  relatively  fre- 
quent in  the  preceding  decade.  The  liability  to  each  increases  from  adolescence 
through  middle  life.'' 

Pathology. — The  primary  damage  done  the  structures  forming  and  sur- 
rounding a  joint  comprises  laceration  of  the  capsule,  nearly  always  with  per- 
foration, laceration  and  stretching  (molecular  laceration)  of  other  ligamentous 
structures,  tearing  them  loose  from  bony  attachments,  often  with  laminae  of 
bone,  stripping  up  of  periosteum,  lifting  off  of  articular  cartilages,  etc.,  any  or 
all  of  which  may  be  present  and  to  which  should  be  added  the  lesions  of  the 
local  complications.  The  amount  of  hemorrhage  will  depend  on  the  size  and 
'number  of  vessels  torn.  The  degree  and  extent  of  these  lesions  determine  very 
largely  the  symptomatology  as  well  as  the  prognosis  and  indications  in  treatment. 

Of  the  secondary  effects  muscular  spasm  deserves  first  mention,  not  only 
because  it  occurs  early  after  dislocation,  but  because  it  so  greatly  increases  the 
difficulty  of  reduction.  It  is  partly  voluntary,  but  is  also  largely  involuntary, 
and  is  the  result  of  beginning  inflammation  of  the  injured  tissues.  This  so-called 
aseptic  or  traumatic  inflammation  ordinarily  involves  the  joint  synovial  mem- 
brane as  well  as  other  structures,  giving  rise  to  more  or  less  serious  disturbance 
and  causing  tenderness  and  pain. 

More  remote  secondary  lesions  are  the  end  results  of  this  inflammation  and 
the  process  of  repair,  which  may  quite  completely  be  included  under  the  term 
cicatrization.     The  results  of  this  process,  with  contraction  of  scar  tissue,  depend 
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largely  on  the  degree  of  displacement  of  the  injured  structures.  Bony  laminse 
may  be  displaced  when,  instead  of  undergoing  absorption,  they  grow.  In  case  of 
non-reduction  of  the  dislocation  these  bony  masses,  together  with  those  formed 
beneath  loosened  and  displaced  periosteum,  furnish  great  obstacles  to  reduc- 
tion. Adhesions  of  misplaced  soft  parts  can  be  torn  even  when  quite  old,  but 
while  such  new  bone  can  be  fractured  by  manipulation  it  can  seldom  be  gotten 
out  of  the  way  sufficiently  to  permit  of  reduction  except  by  open  operation. 
(Fig.  4.) 

Where  the  dislocation  is  not  reduced,  a  fibrinous  deposit  forms  on  the  cartilagi- 
nous surfaces  within  the  joint  and  eventually  fills  the  hollow  spaces.     This  de- 


FiG.  4. — Old  Unreduced  Posterior  Dislocation  of  Both  Bones  at  the  Elbow,  Showing  Newly 
Formed  Bone  Beneath  the  Stripped-up  Periosteum.  (Roentgen  Department  of  Lane  Hospital,  San 
Francisco.) 

posit  organizes  and  finally  becomes  firm  fibrous  tissue  of  almost  cartilaginous  con- 
sistence and  may  eventually  become  ossified.  The  formation  of  a  complete 
synovial  sac  is  reported.  It  early  interferes  with  complete;  reduction,  but  tends 
to  be  absorbed  when  partial  reduction  is  effected  and  pressure  is  brought  to  bear 
upon  it  and  the  joint  is  systematically  moved. 

Complications. — Many  of  the  so-called  complications  of  dislocations  are 
caused  by  persistence  of  action  of  the  causative  forces  after  dislocation  has 
been  produced,  as  well  as  by  the  application  of  independent  factors,  such  as 
rotary  or  twisting  forces.  Much  depends  on  the  age  of  the  patient;  compli- 
cating fracture  is  much  more  common  in  adults,  while  epiphyseal  separation 
occurs  in  childhood,  and  stripping  up  of  periosteum  is  more  likely  to  be  extensive 
in  the  child  than  in  the  adult. 

Injuries  to  the  blood- ves.sels  occur  more  frequently  in  the  aged  largely  because 
of  the  weakening  of  the  walls  of  the  blood-vessels  and  loss  of  elasticity  by  athe- 
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roma.  They  are  more  common  in  dislocations  of  the  shoulder  than  in  those  of 
other  joints  and  are  favored  by  adhesions  resulting  from  previous  inflammation 
as  well  as  by  fracture  complicating  dislocation.  Serious  injury  of  large  blood- 
vessels is  more  common  as  a  result  of  manipulation  in  attempts  at  reduction 
of  old  dislocations  than  as  a  complication  of  recent  dislocations.  It  naturally 
increases  in  frequency  with  the  length  of  time  dislocation  has  remained  unre- 
duced. 

Vessels  of  some  size  may  be  torn  across,  this  accident  leading  to  the  forma- 
tion of  large  ha?matomata  which  may  even  pulsate,  or  a  very  large  number  of 
small  vessels  may  be  torn  and,  in  individuals  with  a  tendency  to  haemophilia, 
may  cause  large  hsematomata.  The  laceration  may  be  confined  to  the  inner 
coats,  when  there  may  result  no  other  immecUate  symptom  than  cessation  of 
the  pulse  below  the  point  of  injury,  but,  later,  aneurism  may  develop. 

Injuries  of  nerves  in  the  neighborhood  of  dislocated  joints  may  occur,  at  the 
time  of  dislocation,  by  crushing,  by  laceration  by  fragments  of  bone,  or  by 
stretching,  in  which  case  the  injury  would  be  said  to  be  primary.  In  an  unre- 
duced dislocation  a  degree  of  pressure  or  stretching  too  slight  to  affect  the  func- 
tion of  a  nerve  more  than  temporarily,  may,  if  persistent,  lead  to  serious  pressure 
paralysis.  Nerves  are  less  likely  to  be  injured  in  attempts  at  reduction  of  old 
dislocations  than  are  blood-vessels,  but  great  force  of  traction  will  sometimes 
produce  paralysis.  As  in  the  dressing  of  fractures  so  in  the  bandaging  of  dislo- 
cations after  reduction,  pressure  paralysis  is  sometimes  produced.  The  possi- 
bility of  complications  in  distant  parts  of  the  body  should  prompt  careful 
general  scrutiny  at  the  earliest  opportunity. 

Symptomatology. — The  general  s\Tnptoms  following  dislocation  of  one  of 
the  larger  joints,  and  dependent  largely  on  the  degree  of  violence  suffered  and 
of  course  on  the  concurrence  of  other  injuries,  are  those  incident  to  any  severe 
and  painful  injury;  viz.,  shock,  as  shown  by  general  weakness  with  lowering 
of  blood  pressure,  rapid  pulse,  pallor,  clammy  sweat,  and  often  vomiting. 
These  are  followed  by  a  period  of  reaction  characterized  by  mild  fever — per- 
haps from  intestinal  derangement — with  increase  in  pain. 

Immediately  after  the  receipt  of  a  dislocation  the  joint  is  loose  and  the  tissues 
about  it  flaccid — it  can  be  moved  through  a  considerable  range  of  motion ;  but 
very  soon,  as  shock  disappears,  blood  pressure  rises,  inflammation  appears,  and 
puffiness  develops  into  definite  swelling,  which  continues  to  increase  till  the  whole 
region  about  the  joint  is  hard  and  tense.  Muscular  spasm  comes  on,  holding 
the  bones  in  elastic  tension,  and  permitting  only  a  relatively  slight  degree  of  mo- 
bility. In  addition,  there  are  e\'ident  deformity  (easier  to  be  made  out  before 
swelling  has  occurred),  characteristic  attitude  or  position  of  the  hmb  relative  to 
the  rest  of  the  body,  limitation  of  motion,  ecchymosis,  and  sometimes  vesica- 
tion of  the  skin;  crepitus  is  also  often  eUcited. 

Diagnosis. — The  most  important  consideration  in  the  matter  of  diagnosis 
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is  that  the  examination  should  be  careful  and  thorough.  A  rough  diagnosis 
of  dislocation  scarcely  satisfies  modern  ideas,  either  as  to  determination  of 
prognosis  or  as  indicating  treatment.  Both  of  these  depend  too  much  on  the 
accuracy  of  determination  of  comphcations,  and  on  the  extent  and  degree  of 
damage  to  the  joint  structures,  as  well  as  the  actual  size  and  anatomical  posi- 
tion of  bony  fragments,  etc.,  to  justify  haste  or  carelessness  in  diagnosis. 

As  a  routine  measure  in  all  cases  the  condition  of  the  nerves  and  blood- 
vessels passing  the  joint  should  be  determined,  the  attitude  of  the  Hmb  in  rela- 
tion to  the  rest  of  the  body  should  be  observed,  and  the  direction  and  extent 
of  the  motion,  the  position  and  degree  of  the  swelling,  ecchymosis,  etc.,  should 
all  be  carefully  noted.  Cautious,  painstaking  palpation  may  be  necessary  for  the 
purpose  of  detecting  fracture  and  in  order  to  locate  bony  fragments  and 
to  ascertain  their  relations  to  each  other.  The  relations  of  bony  landmarks 
should  be  noted  and  a  record  should  be  made  of  these  and  of  all  preceding 
diagnostic  facts. 

No  discovery  or  principle  has  had  such  wide  influence  toward  the  better  un- 
derstanding of  dislocations  and  toward  a  rational  treatment  as  that  of  the  Roent- 
gen ray,  the  importance  of  which  as  a  means  of  diagnosis  cannot  be  overes- 
timated. While  one  would  hesitate  to  say  that  an  x-ray  picture  should  be  taken 
of  every  dislocation,  it  may  safely  be  predicted  that  the  more  often  it  is  done 
the  more  often  will  unsuspected  fragments  of  bone  be  discovered  within  the 
dislocated  joint  and  accurately  located.  By  its  aid  a  record  will  be  made  of 
the  exact  relative  position  of  the  bones  and  of  the  presence  of  complicating 
fracture,  on  which  data  treatment  and  prognosis  largely  depend.  It  should 
often  determine  the  necessity  of  primary  open  operation,  the  advantages  of 
which  over  late  operation  are  evident. 

While  the  x-ray  in  the  hands  of  one  who  would  profit  by  the  discomfiture 
of  a  confrere  who  has  labored  over  a  dislocation  and  has  failed  to  secure  a  satis- 
factory result  without  it  may  lead  to  a  malpractice  suit,  a  good  picture  taken 
before  treatment  is  begun  will  not  only  cause  many  an  error  in  diagnosis  to  be 
avoided  and  thereby  often  cause  the  unfortunate  result  to  be  forestalled,  but 
it  will  furnish  a  record  which  may  show  that  the  result  was  not  only  to  be 
expected,  but  was  inevitable. 

Again,  where  there  is  doubt  as  to  the  completeness  of  reduction  or  as  to 
whether  retention  has  been  satisfactory  after  reduction  and  after  the  permanent 
dressing  has  been  api)lied,  the  x-ray  will  often  determine  the  matter,  even  through 
non-metallic  splints  and  plaster-of-Paris  dressing. 

Prognosis. — Reduction  of  nearly  all  dislocations  is  easily  effected,  and  with- 
out a  general  anaesthetic,  during  the  period  of  primary  shock  before  muscular 
spasm  has  set  in,  but  the  difficulties  of  reduction  increase  in  nearly  direct  ratio 
to  the  time  which  has  elapsed  thereafter.  The  earliest  hindrance  to  reduction 
is  muscular  spasm,  which  in  powerful  individuals,  especially  if  they  are  under 
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the  influence  of  alcohol,  may  require  the  use  of  great  force  or  else  a  general 
ajisesthetic.  In  indi\'idual  joints  special  anatomical  conditions  interfering  with 
reduction  occur  and  \n\\  be  discussed  in  connection  with  the  joints  involved. 

If  reduction  is  effected,  the  final  functional  result  is  dependent,  among  other 
things,  on  the  duration  of  the  dislocation  before  reduction  (amount  of  new  bone 
thrown  out,  inflammatory^  exudates,  etc.);  and  the  influence  of  time  in  bringing 
about  absorption  of  such  exudates  is  most  important.  In  other  words,  even  if 
reduction  be  effected  after  enough  fibrous  tissue  or  even  bone  has  formed  to 
interfere  with  motion  of  the  joint,  it  is  permissible,  in  the  absence  of  serious 
inflammation,  osteo-arthritis,  and  the  like,  to  expect  that  more  or  less  absorp- 
tion will  take  place  in  time  and  with  movement  of  the  joint,  so  that  after  six 
months  or  a  year  the  function  will  in  nearly  all  such  cases  be  far  better  than 
at  the  end  of  the  first  month. 

If  reduction  is  not  effected  the  final  result  will  depend  on  the  amount  of 
damage  done  by  the  original  injury  or  by  efforts  at  reduction,  on  the  amount 
of  new  bone  and  inflammatorj'  deposits,  on  the  degree  of  displacement  of  lacer- 
ated structures,  and  on  the  amount  of  cicatricial  contraction.  These  conditions 
will  cause  ankylosis  or  at  best  great  limitation  of  motion,  persistent  tender- 
ness, loss  of  power,  and  deformity,  although  even  in  this  case  absorption  in 
time  will  give  some  improvement  in  function. 

In  a  few  indi\idual  dislocations,  such  as  the  dislocation  of  the  humerus, 
forward,  a  new  joint  will  sometimes  form  in  time,  permitting  considerable  degree 
of  useful  motion,  and  in  anterior  luxation  of  the  hip  the  weight-bearing  function 
may  be  preserved. 

Treatment. — Partial  dislocations  are  often  spontaneously  reduced  when 
by  any  means  tension  of  the  muscles  controlling  the  joint  is  relaxed.  Other- 
wise the  simplest  manipulation  will  generally  suffice  unless  there  be  present 
some  complication  preventing. 

Complete  dislocations  may  often  be  reduced  during  the  depression  and 
shock  which  follow  immediately  on  the  receipt  of  the  injury,  and  not  infrequently 
reduction  is  made  at  this  time  by  friends  who  pull  on  the  dislocated  limb;  where- 
as in  similar  cases,  after  shock  has  been  overcome  and  muscular  spasm  has  set  in, 
the  difficulties  of  reduction  may  be  great. 

So  much  depends  on  the  tension  of  the  muscles  that  the  reduction  of  a  dis- 
location, which  in  an  individual  of  feeble  muscular  power  may  be  effected  without 
difficulty,  may  be  all  but  impossible  in  one  powerfully  muscled,  especially  if  the 
patient  be  under  the  influence  of  alcohol.  In  such  a  case  a  general  anaesthetic 
should  be  given  as  a  primary  matter,  rather  than  to  use  it  after  strenuous  efforts 
at  reduction  have  failed.  In  many  cases  of  recent  luxations  nitrous-oxide  anses- 
thesia  will  be  suflPicient,  but,  if  the  case  is  found  to  be  a  stubborn  one,  full  ether 
or  chloroform  anaesthesia  should  be  induced. 

In  general,  with  the  muscles  entirely  relaxed,  complete  dislocations  can  be  re- 
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duced  with  the  use  of  but  little  force  if  by  manipulation  the  rent  in  the  capsule 
is  found.  I  refer  particularly  to  the  hip  and  shoulder,  where,  if  the  rent  be 
not  found,  great  difficulty  will  be  encountered.  It  is  important  to  remember 
that  a  rent  in  the  capsule  may  change  its  form  greatly  with  change  of  position 
of  the  Umb,  particularly  in  rotation,  even  to  the  extent  of  a  spacious  rhom- 
boid being  reduced  to  a  mere  slit  between  parallel  sides,  and  this  may  deter- 
mine the  difference  between  reducibiUty  and  irreducibility.  Care  should  there- 
fore be  taken  to  reproduce  as  nearly  as  possible  the  position  of  the  limb  at  the 
moment  of  dislocation.  The  head  of  the  bone  dislocated  should  be  led  back 
along  the  course  it  took  in  the  whole  process  of  dislocation.  In  any  event  the 
preliminary  efforts  at  reduction  should  be  directed  to  relaxation  of  muscles  by 
anaesthesia  and  by  position  of  the  hmb  and  to  searching  with  great  gentleness  for 
the  rent  in  the  capsule.  With  these  two  principles  in  view,  the  great  majority  of 
dislocations  can  be  reduced  if  taken  early  and  if  no  hindering  complication, 
such  as  a  fragment  of  bone  lying  in  the  joint,  is  present.  As  said  above,  the 
a:-ray  is  invaluable  in  the  latter  event  and  should  be  most  useful  in  preventing 
the  futile  use  of  force. 

The  use  of  great  force  is  never  justified  in  the  reduction  of  refractory  dislo- 
cations provided  the  surgeon  has  proper  knowledge  and  facilities  for  perform- 
ing an  open  operation,  since  the  danger  of  operation  is  often  small  as  compared 
with  that  of  injuring  vessels  and  nerves  and  causing  serious  fracture  where 
great  force  is  used.  The  day  of  tackles,  purchases,  and  screws  in  the  reduction 
of  dislocations  is  definitely  past. 

In  the  after-treatment  of  dislocations  the  torn  parts  should  be  put  at  rest 
till  the  rent  in  the  capsule  has  healed  and  the  inflammation  in  the  joint  and 
.surroundliig  tissues  has  had  time  to  subside.  For  the  major  dislocations  this 
would  amount  to  from  two  to  three  weeks;  but,  in  cases  with  much  tearing  of 
joint  structures  or  with  serious  complications,  a  longer  fixation  is  advisable 
in  order  to  avoid  the  tendency  to  recurrence  which  follows  imperfect  heaUng. 
When  retentive  bandages  are  removed,  massage  and  gentle  active  and  pas- 
sive movements  should  be  employed,  special  care  being  taken  not  to  move 
the  joint  more  than  a  fraction  of  its  normal  range  at  first,  and  only  gradually 
to  increase  the  range  of  such  active  and  passive  movement. 


DISLOCATION  OF  INDIVIDUAL  JOINTS. 

Dislocations  of  the  Vertebrae — Dislocation  of  the  vertebrae  is  not  common  and 
at  one  time  was  supposed  not  to  be  possible  except  as  a  complication  of  fracture. 
However,  it  is  now  established  that  diastasis  and  dislocation  as  well  do  occur, 
l)oth  with  and  without  complicating  fracture.  It  is  important  to  distinguish 
between  those  cases  in  which  displacement  is  the  result  of  fracture  and  those 
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in  which  the  fracture  is  an  insignificant  complication  of  dislocation,  but  clini- 
cally such  differentiation  may  be  ven'  difficult. 

By  diastasis  is  understood  separation  of  the  body  of  one  vertebra  from  that  of 
its  neighbor  next  below,  without  much  horizontal  displacement  (Koenig),  in- 
voh-ing  laceration  of  the  intervertebral  disk  and  the  connecting  Ugaments  or 
at  least  separation  of  the  vertebral  bodies  from  each  other  in  front  or  behind, 
the  articular  surfaces  remaining  practically  in  line  with  each  other.  It  may 
occur  as  the  result  of  excessive  extension  (dorsal  flexion),  the  point  of  contact 
of  the  vertebrse  posteriorly  being  the  fulcrum  about  which  the  excessive  rota- 
tion or  extension  occurs.  This  point  is  in  the  first  instance  the  point  of  contact 
of  the  apices  of  the  articular  processes  with  the  laminae,  but  further  extension 
may  bring  the  laminse  themselves  or  the  spinous  processes  into  contact,  and 
thereby  change  the  position  of  the  fulcrum  farther  back.  Under  these  cir- 
cumstances fracture  of  one  or  more  of  the  articular  processes,  spinous  processes, 
or  laminae  is  very  Ukely  to  take  place. 

Dislocation  of  a  vertebra  may  be  forward  or  backward,  and  either  may  be 
partial  or  complete;  the  complete  is  seldom  simple,  but  is  apt  to  be  compli- 
cated by  fraeture  of  an  articular  process  or  by  laceration  or  separation  of  the 
inter\'ertebral  disk  and  various  hgaments. 

Dislocation  forward  may  be  bilateral  (double)  or  unilateral;  in  the  former 
case  it  is  the  result  of  excessive  flexion,  by  which  the  articular  processes  of  the 
upper  of  two  vertebrae  are  sUpj)ed  upward  over  the  apices  of  their  articulating 
processes  from  the  vertebra  next  below  and  lodge  in  front  of  them.  There  is 
of  necessity  more  or  less  anterior  displacement  with  laceration  of  the  sjTides- 
mosis  and  of  the  other  Ugaments  of  the  arch.  The  capsules  of  the  joints  be- 
tween the  articular  processes  are  so  loose  and  extensive  that  the  displacement 
must  be  great  before  they  are  ruptured. 

Unilateral  dislocation  is  the  result  of  lateral  or  obUque  flexion  (rotation) 
in  which  the  articular  processes  on  the  side  of  the  conca\4ty  (sound  side)  are 
sUpped  on  each  other,  the  apex  of  each  toward  the  base  of  the  other,  until 
arrested  by  bony  contact.  This  jx)int  furnishes  a  fulcrum,  and  further  lateral 
flexion  exaggerates  the  sUpping  apart  of  the  articular  processes  of  the  side  of 
the  convexity  (unsound  side)  until  the  apex  of  the  upper  passes  in  front  of  that 
of  the  lower  vertebra  and  there  lodges.  Because  of  the  fact  that  the  axes  for 
the  physiological  lateral  flexion  movement  between  the  pairs  of  vertebrae  are 
not  precisely  horizontal  but  are  mcHned  in  varying  degrees  forward  (in  the 
upper  part  of  the  neck  one  or  two  of  the  axes  are  nearly  vertical),  there  is 
always  present  a  certain  amount  of  axial  rotation  of  the  body  of  the  upper  of 
two  vertebrae  to  the  side  of  the  concavity.  This  rotation  in  the  process  of 
dislocation  produces  an  obUque  shearing  strain  in  the  sjTidesmosis  and  tends 
to  prevent  bony  contact  of  the  edges  of  the  bodies  on  the  side  of  the  concavity. 
Added  external  force  of  rotation  in  the  same  direction  will  then  markedly 
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increase  the  tendency  to  dislocation,  from  which  fact  unilateral  dislocation  is 
often  called  dislocation  by  rotation.  Backward  dislocation  of  the  joint  on  the 
side  of  the  concavity  is  then  not  unthinkable  (Koenig),  but  the  tendency  thereto 
is  powerfully  resisted  by  tension  of  the  ligaments  of  the  articular  processes, 
the  tension  of  the  lateral  ligaments  between  the  vertebral  bodies,  and  even  if 
it  does  occur  there  is  no  bony  resistance  to  reduction  of  the  displacement.  The 
lesion  might  more  properly  be  classed  as  a  sprain. 

In  such  unilateral  dislocation,  sometimes  called  dislocation  by  abduction, 
there  is  present  as  one  of  the  signs  of  dislocation  a  considerable  degree  of  axial 
rotation,  the  body  of  the  vertebra  being  displaced  to  the  side  opposite  to  that  of 
the  dislocation. 

Dislocation  is  most  frequent  in  the  cervical  region  and  least  frequent  in  the 
lumbar.  In  the  former  the  bodies  of  the  vertebrae  are  smaller  and  are  more 
nearly  cylindrical  and  the  articular  processes  more  nearly  horizontal,  by  reason 
of  which  facts  a  much  greater  degree  of  mobility,  not  only  of  axial  rotation,  but 
also  of  flexion  in  various  directions,  is  permitted.  In  the  dorsal  region,  although 
the  vertebral  bodies  are  not  large,  all  movements  are  greatly  hindered  by  the 
ribs  and  the  manner  of  their  attachments,  and  in  the  lumbar  region  the  bodies 
of  the  vertebrae  are  very  large,  especially  transversely,  by  reason  of  which  all 
movements  are  restricted,  but  especially  lateral  flexion.  Furthermore,'  their 
articular  processes  are  strong  and  stand  nearly  vertically,  permitting  of  relatively 
slight  degrees  of  axial  rotation.  In  fact,  in  the  lower  lumbar  region  the  axes 
of  joints  between  the  articular  processes  are  almost  vertical,  by  reason  of  which 
arrangement  scarcely  any  other  motion  is  permitted  than  slight  vertical  dis- 
placement in  flexion  and  extension  of  the  lumbar  spine. 

Symptoms. — In  the  general  case  the  symptoms  and  signs  of  dislocation  of  the 
spine  are  the  following  :  suggillation;  muscular  spasm;  rigidity  of  the  spine; 
pain  from  compression  or  injury  to  the  spinal  nerves  at  their  points  of  exit,  as 
well  as  pressure  paralysis  (mostly  unilateral  lesions) ;  symptoms  on  the  part  of 
the  spinal  cord  which  may  be  damaged  by  longitudinal  traction  or  by  transverse 
compression  (the  upper  edge  of  the  body  of  the  vertebra  below  the  dislocation 
and  the  lower  edge  of  the  lamina?  of  the  upper  vertebra) ;  laceration  of  the  dura 
and  of  the  vessels  of  the  spinal  canal,  causing  ha^matoma;  and  signs  due  to  the 
displacement — viz.,  anterior  displacement  of  the  vertebral  body  (in  the  neck  this 
can  often  be  felt  through  the  pharynx),  sharp  flexion  of  the  spine  at  the  point  of 
dislocation,  and,  in  the  case  of  rotation  (unilateral  dislocation),  a  rotary  deformity 
of  the  spine  to  the  side  opposite  to  that  of  the  dislocation. 

The  peculiar  forms  of  the  occipito-atlantal  and  the  atlanto-axial  articula- 
tions have  much  to  do  with  the  relative  frequency  of  dislocations  of  these  joints 
■  and  the  general  characters  of  the  same.  The  occipito-atlantal  articulation 
resembles  a  ball-and-socket  joint  because  of  the  fact  that  the  articular  surfaces 
are  nearly  spherical,  the  lateral  diameter  being  shorter  than  the  antero-posterior. 
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The  concave  surfaces  of  the  atlas  are  sometimes  called  the  glenoid  cavities  of  the 
atlas.  The  joint  permits  of  motions  in  all  directions,  but  more  widely  in  antero- 
posterior and  in  lateral  flexion;  the  axis  for  the  former  passing  through  the 
mastoid  processes  and  that  for  the  latter  passing  somewhat  above.  While  the 
antero-posterior  axes  of  the  lower  vertebrae  incline  forward  in  varying  degi'ces, 
the  axis  in  lateral  flexion,  on  the  contrary,  inclines  backward,  i.e.,  it  is  nearly 
parallel  to  the  basilar  process  of  the  occipital  bone,  from  which  it  follows  that 
in  the  motion  of  lateral  flexion  of  the  head  the  vertex  and  the  chin  move  in 
opposite  directions,  i.e.,  the  chin  rotates  to  the  op|X)site  side. 

The  atlanto-axial  joint  permits  of  axial  rotation  only  and  to  about  thirty 
degrees  in  each  direction  (right  and  left). 

The  movements  of  the  atlanto-axial  articulation  are  determined  chiefly  by  the 
odontoid  process  of  the  axis,  which  lies  in  a  sort  of  ring  made  up  of  the  ante- 
terior  arch  of  the  atlas  and  the  transverse  ligament.  This  ligament  is  of  great 
strength  and  is  firmly  attached  to  the  atlas,  and  besides  sends  a  process  down- 
ward to  the  body  of  the  axis  and  another  upward  to  the  occiput.  The  odon- 
toid is  prevented  from  slipping  out  of  this  ring  chiefly  by  two  lateral  check  liga- 
ments passing  from  its  apex  to  the  occiput  (ligamenta  alaria),  and  a  central 
vertical  bundle  passing  directly  upward  to  the  anterior  edge  of  the  foramen  mag- 
num and  called  the  suspensory  ligament  of  the  odontoid.  Another  firm  broad 
ligament — the  middle  occipito-axial  ligament — passes  upward  from  the  posterior 
surface  of  the  body  of  the  axis  to  the  occiput,  in  company  with  the  common  in- 
tervertebral ligament,  which  also  passes  upward  to  the  occiput  in  front  of  the 
spinal  cord.  To  these  should  be  added  the  ligaments  in  front  of  the  spinal  col- 
umn and  behind,  as  well  as  those  between  the  transverse  processes. 

It  is  interesting  to  note  that  the  axial  rotation  of  the  atlanto-axial  joint  is 
accompanied  by  a  simultaneous  depression  of  the  atlas,  due  to  the  peculiar  form 
of  the  articular  surfaces  of  the  axis,  and  by  means  of  this  the  shortening  of  the 
vertical  ligaments  mentioned,  especially  the  broader  ones,  due  to  the  twisting, 
is  compensated.    (Testut.) 

Dislocation  of  the  occiput  (often  called  dislocation  of  the  head)  is  exceedingly 
rare — Blasius  could  find  but  two  authentic  cases,  those  of  Boisson  and  Coste, 
both  of  which  were  posterior  dislocations,  complete  only  on  one  side  and  incom- 
plete on  the  other.  In  Coste's  case  the  atlas  was  thrown  bodily  forward  by  a  blow 
on  the  back  of  the  neck,  causing  in  addition  an  anterior  dislocation  of  the  atlas, 
with  fracture  of  the  odontoid  process.  (Koenig.)  Doubtless  the  reasons  for  the 
extraordinary  rarity  of  this  dislocation  are:  the  depth  of  the  joint;  the  fact  that 
it  is  protected  by  the  overhanging  occiput  and  is  suppUed  with  many  and  very 
strong  ligaments  and  controlled  by  many  strong  muscles;  but,  more  important 
still,  the  protection  afforded  by  the  readiness  with  which  excessive  strain  in  the 
occipito-atlantoid  joint  is  taken  up  by  the  atlanto-axial  joint  and  the  joints  of 
the  lower  cervical  vertebra?. 
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In  dislocation  backward  the  head  is  flexed  forward  and  laterally  to  the  side 
opposite  to  that  of  the  dislocation. 

Dislocation  of  the  atlanto-axial  joint  is  much  more  common.  It  occurs 
more  frequently  in  children,  perhaps  because  of  the  relatively  large  head  and 
certainly  very  largely  because  of  the  relatively  undeveloped  odontoid  process. 
It  may  be  a  simple  diastasis,  which  is  sometimes  associated  with  fracture  of  the 
odontoid  (characterized  by  anterior  flexion)  and  which  merges  into  anterior 
dislocation  proper  (inclinaison  of  Malgaigne). 

Dislocation  of  the  atlas  may  be  unilateral  or  bilateral,  complete  or  partial, 
forward  or  backward.     (Figs.  5  and  6.)     Because  of  the  large  size  of  the  artic- 


FiG.  5. — Unilateral  Anterior  Dislocation  of  Atlas  in  a  Boy  of  Twelve  Years,  Showing  Wide  Angle 
between  Laminaj  of  Axis  and  Atlas.     (Roentgen  Department  of  Lane  Hospital,  San  Francisco.) 

ular  processes,  if  the  dislocation  is  complete  on  one  side  there  is  at  least  a  par- 
tial dislocation  on  the  other,  and  generally  in  the  same  direction. 

These  dislocations  are  produced  by  indirect  violence  (very  exceptionally  by 
direct),  by  a  fall  or  a  heavy  blow  on  the  head,  producing  sudden  and  excessive 
flexion  or  extension,  especially  if  combined  with  forward  or  backward  thrust. 
The  sudden  lifting  of  a  child  by  the  head,  etc.,  has  been  known  to  result  in  a 
rotary  dislocation.  In  all  of  them  the  spinal  cord  is  in  the  gravest  danger.  In 
complete  bilateral  dislocation  forward,  either  the  odontoid  process  is  fractured 
or  the  transverse  ligament  is  torn.  Fracture  of  the  odontoid  is  a  favorable  cir- 
cumstance because  thereby  the  cord  may  escape,  i.e.,  if  the  horizontal  dis- 
placement is  not  excessive;  but,  if  not  fractured,  the  odontoid  crushes  through 
the  cord,  producing  immediate  death  from  cessation  of  respiration.  Minor  de- 
grees of  injury  to  the  cord  may  result  in  more  or  less  extensive  paraplegia. 

In  complete  dislocations  backward  the  odontoid  is  of  necessity  fractured, 
the  anterior  arch  of  the  atlas  being  structurally  more  compact,  and,  as  it  receives 
in  this  case  only  direct  force,  it  is  much  less  likely  to  give  way  than  the  odontoid 
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because  of  the  development  of  a  considerable  leverage  or  bending  movement  in 
the  latter.  In  this  case  the  damage  to  the  cord  will  depend  on  the  degree  of  dis- 
placement backward. 

In  partial  dislocations  or  in  those  which  are  unilateral,  where  the  articular 
process  of  the  atlas  passes  anteriorly  to  that  of  the  axis  and  lodges  in  front  of 
it,  there  is  generally  fracture  of  the  odontoid,  without 
which  the  cord  would  often  be  crushed. 

Unilateral  dislocation  forward  is  by  far  the  more 
common  of  these  dislocations  and  may  be  complete  or 
partial,  i.e.,  the  articular  process  of  the  atlas  on  that 
side  is  thrust  forward  and  in  case  of 
complete  dislocation  its  posterior  edge 
is  hooked  in  front  of  the  anterior  edge 
of  its  fellow  on  the  axis ;  there  is  pres- 
ent then  a  rotary  displacement  to  the 
opposite  side,  with  marked  flexion  of 
the  head,  so  that  the  chin  rests  on  the 
chest,  and  in  addition  the  head  is 
inclined  laterally  to  the  same  side 
(abducted)  and  is  held  rigidly  in  this 
position  by  muscular  spasm.  The  pro- 
jecting atlas  can  be  felt  in  the  phaiynx 
and  a  corresponding  depression  beneath 
the  occiput,  with  unusual  prominence 
of  the  spinous  process  of  the  axis. 

Dislocation  of  the  atlas  by  simple 
axial  rotation  may  occui-,  and  while  the 
odontoid  is  not  apt  to  be  broken,  the  medulla  is  still  endangered  because  when 
the  ligaments  are  torn  the  medulla  follows  excentricaUy  the  movement  of  the 
atlas  and  may  be  compressed  laterally. 

In  any  dislocation  of  the  atlas  death  may  ensue  at  the  ver}^  beginning  from 
crushing  of  the  medulla,  or  it  may  occur  later,  even  after  a  week  or  more,  as  the 
result  of  slipping  of  the  bones  or  fragments  at  that  time. 

The  x-ray  is  of  some  considerable  value  in  the  diagnosis  of  dislocation  of  the 
cervical  vertebrae,  for  in  this  region  it  is  possible  to  take  a  lateral  radiograph  by 
which  not  only  will  antero-posterior  displacement  be  shown,  but,  in  the  case  of 
dislocation  of  the  atlas,  there  will  be  shown  the  very  marked  rotar}'  displacement 
forward;  lines  passed  through  the  arches  of  the  atlas  and  the  axis  should  be 
parallel — in  dislocation  foi*ward  these  lines  make  an  angle  of  ten  to  thirty  degrees 
(James  A.  Kelly,  in  Annals  of  Surgery,  Yol  XLIL,  1905).     (See  Fig.  6.) 

Of  the  remaining  cervical  vertebrsB  the  fourth,  fifth,  and  sixth  are  most 
frequently  dislocated,  and  generally  forward.    Especially  is  this  true  of  the 


Fig.  6. — Attitude  Maintained  by  the  Patient  whose 
Condition  is  Pictured  in  Fig.  5.  (Original.) 
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fifth.  Dislocation  here  partakes  of  the  general  characteristics  of  dislocation 
of  the  vertebra?. 

Dislocation  by  flexion  is  forward,  and  the  head  and  neck,  besides  being 
flexed,  appear  to  be  driven  forward,  and,  according  to  the  degree  of  displace- 
ment of  the  articular  processes,  the  head  may  be  inclined  either  to  the  same 
side  as  the  dislocation  or  to  the  opposite  side,  and  whatever  rotation  is  present 
is  always  to  the  opposite  side. 

Dislocation  by  rotation  may  be  forward  on  one  side  or  backward  on  the  other, 
or  both,  which  will  give  a  corresponding  variation  in  the  position  of  the  head. 

Treatment. — Treatment  of  cases  of  dislocation  of  the  cervical  vertebrae 
should  be  directed  to  reduction  of  the  dislocation  and  subsequent  fixation. 
An  anaesthetic  should  be  given,  and,  to  prevent  a  sudden  movement  of  the 
head  when  the  muscles  relax,  the  head  should  be  held  by  the  operator  while 
the  anaesthetic  is  being  given.  Often,  when  relaxation  comes  on,  diastases 
and  partial  dislocations  reduce  themselves  spontaneously.  The  special  treat- 
ment relates  to  the  reduction  of  the  dislocation,  the  maintenance  in  position, 
and  the  employment  of  measures  intended  to  lessen  or  cure  the  effects  of  the 
injury.  If  reduction  is  impossible  then  operatiA^e  practice  or  some  discreet  non- 
operative  method  should  be  utilized.  If  reduction  is  advisable  it  should  be 
promptly  attempted,  although  it  may  be  successful  after  the  lapse  of  a  week 
and  possibly  even  as  late  as  after  a  month  or  two  have  elapsed.  Before  any 
attempt  at  reduction  is  made,  especially  in  the  cervical  region,  the  patient  or 
friends  should  understand  that  not  only  may  the  effort  fail,  but  that  pressure 
on  the  cord  may  be  caused  or  be  increased,  and  even  that  sudden  death  may 
attend  the  efforts  at  reduction.  The  possibihty  of  failure,  and  of  grave  disas- 
ter from  the  manipulative  efforts,  should  incite  the  surgeon  to^  a  most  careful 
consideration  of  the  diagnosis,  especially  in  its  relations  to  the  manner  of  causa- 
tion, the  seat  and  direction  of  the  deformity,  and  the  consequent  method  of 
procedure.  In  urgent  instances  the  promptest  activity  is  demanded,  the  chief 
reliance  being  placed  on  traction,  supplemented  with  suitable  flexion,  rotation, 
and  pressure  of  the  spine.  If  reduction  cannot  be  accomplished,  and  if  opera- 
tive practice  be  not  advisable,  immobihzation  is  required,  so  that  suitable 
repair  of  the  parts  in  their  new  relation  may  be  secured.  It  is  often  surpris- 
ing how  good  are  the  results  which  may  thus  be  obtained. 

In  dislocation  of  the  occiput,  steady,  firm  traction  on  the  head,  attended 
^^^th  direct  pressure  and  forward  or  backward  movements  of  the  head,  as  the 
case  may  be,  in  complete  dislocation,  and  with  extension  and  rotation  of  the 
head  toward  the  dislocated  side  in  unilateral  displacement,  affords  an  efficient 
and  easily  available  means  of  restoration.     (Fig.  7.) 

In  dislocation  of  the  atlas  the  relations  of  the  parts  concerned  are  of  such 
a  nature  that  the  employment  of  manipulations  should  be  resorted  to  with 
very  great  caution.    And  in  this  connection  the  fact  should  be  mentioned  that 
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J"iG.  7. — Continuous  Extension  of  the  Cervical 
Vertebrae.     (After  Lejars.) 


several  patients  with  presumptive  dislocations  at  tliis  situation  have  survived 

in  fair  condition  persistent  displacements.     Some,  however,  have  succumbed 

to  the  efforts  at  reduction. 

In  bilateral  dislocation  steady,  firm  traction  m  the  Une  of  the  axis  of  the 

upper   segment   (backward    and   upward)   should   be    made,    the   lower    seg- 
ment   (the  neck)  bemg,  so  far 'as 

possible,  held  inmiovable  by  the 

hands.     Any   local   manipulations 

or  rotative  movements  should  be 

made  continuously  and  with  a  clear 

conception   of  the  dangers  which 

they  in^^te. 

If  the  dislocation  he  unilateral 

the  head  is  rotated  to  the  sound 

side  while  the  extension  is  being 

made,  and  subsequently  restored 

to  the  normal  position. 

In   dislocation  of  an}-  of  the 

lower  six  cer\-ical  vertebrae  the  form  of  manipulation  will  depend  on  the  variety 

of  the  displacement.     (Fig.  8.)     In  the  case  of  subluxation,  increase  of  the 

lateral  flexion,  followed  by  sUght  rotation  toward 
the  dislocated  side  with  lessening  of  abduction, 
will  effect  restoration  in  many  instances.  A  fail- 
ure of  an  attempt  should  be  followed  by  a  repe- 
tition with  somewhat  increased  force. 

In  instances  of  complete  miilateral  dislocation 
Kocher  stretches  the  hgaments  of  the  unsound 
side  by  increasing  the  lateral  deflection,  while  at 
the  same  time  he  employs  slow  traction  and  ro- 
tation toward  the  affected  joint.  Rotation  toward 
the  soimd  side  disengages  the  ai'ticular  processes  of 
the  opposing  side,  when  abduction  to  the  sound 
side  with  rotation  toward  the  unsound  carries  the 
displaced  articular  process  into  proper  position. 
In  bilateral  complete  dislocations,  first  one  side  is 
reduced  and  then  the  other,  according  to  the  man- 
ner just  described.  It  is  weU  to  remember  that 
rotation  of  the  spine  above  the  seat  of  injury  should 
be  made  by  grasping  the  upper  segment,  and  not 

by  tm-ning  of  the  head;  the  latter  manccuvre,  being  used  for  the  purposes  of 

traction  and  coimter-extension,  is  attained  by  command  of  the  shoulders.     After 

reduction  of  the  dislocation,  the  head  should  be  supported  and  fixed  in  posi- 


FiG.  8. — Bilateral  Luxation  of 
the  Fifth  Cervical  Vertebra,  Five 
Months  Old.     (After  Blasius.) 
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tion  by  some  suitable  apparatus  maintaining  occipito-mental  traction,  or  a 
high  plaster-of-Paris  yoke  and  collar  should  be  applied  and  worn  for  about 
three  weeks.     (Fig.  9.) 

Even  with  satisfactory  mechanical  treatment  these  dislocations  are  apt  to 
heal  with  some  slight  displacement  of  a  fractured  process  or  with  union  in  slight 
malposition  of  a  torn  ligament,  with  some  consequent  limitation  of  movement. 

As  already  mentioned,  dislocations  in 
the  dorsal  region  are  favored  by  some 
and  hindered  by  other  anatomical 
arrangements.  The  surfaces  of  the 
articular  processes  are  quite  vertical, 
an  arrangement  which  is  not  greatly 
opposed  to  dislocation  by  rotation  or 
flexion,  especially  in  the  presence  of 
fracture.  On  the  other  hand,  the  in- 
timate and  strong  association  between 
the  ribs  and  sternum  and  the  spine 
affords  much  protection  from  this  in- 
jury. While  the  relations  of  the  ar- 
ticular processes  between  the  twelfth 
dorsal  and  first  lumbar  vertebrae  seem 
not  to  favor  dislocation  so  much  as 
do  those  above,  yet  the  freedom  of 
motion  and  the  greater  demands  on  this 
part  of  the  spine  make  it  the  most 
common  seat  of  fracture  of  the  dor- 
sal or  the  lumbar  region.  More  than  half  of  the  dorsal  fractures  occur  at  this 
situation. 

According  to  Stimson  "bilateral  forward  and  backward  dislocations"  occur 
with  about  equal  frequency.  The  "  bilateral  in  opposite  directions  and  the  lateral  " 
also  happen.  The  degree  of  the  primary  injury  and  the  extent  of  the  displace- 
ment control  the  degree  of  damage  done  to  the  cord.  The  common  causes  of  dis- 
location are  forcible  flexion  of  the  spine  and  direct  violence,  especially  due  to 
moving  vehicles  and  other  heavy  objects.  The  symptoms  are  related  to  the 
loss  of  power  and  deformity.  The  former  may  be  due  to  the  injury  alone  or  to 
compUcations  of  the  spinal  cord,  which  ^^'ill  be  disclosed  by  careful  examination. 
Prominent  bony  points  may  be  noted  and  even  movable  fragments  detected 
when  fracture  is  present.  If  the  abdominal  walls  be  thin,  inequality  in  outUne 
of  the  bodies  of  the  vertebra?  may  be  determined.  In  fact,  the  symptoms  of 
dislocation  and  fracture  are  so  nearly  alike  that  diagnosis  of  either  without 
operation  or  autopsy  is  uncertain,  and  it  is  largely  this  uncertainty  which  has 
led  to  the  use  of  the  expression  "fracture-dislocation."     Non-operative  treat- 


FiG.  9. — Plaster-of-Paris  Collar  used  in  the  Case 
Pictured  in  Figs.  5  and  6.  The  final  result  was  a 
perfect  poise  of  the  head  and  nearly  complete 
mobility.     (Original.) 
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ment  begins  and  ceases  with  the  advantages  gained  from  extension  and  coun- 
ter-extension, supplemented  with  manipulation  addressed  anteriorly  to  ad- 
justment of  the  bodies  of  the  vertebrae  when  practicable. 

Recumbent  posture,  with  immobihzation  by  plaster-of-Paris  or  other  suit- 
able material,  and  attention  to  the  functions  and  to  cleanliness  of  the  body 
are  also  enjoined. 

Dislocation  of  a  lumbar  vertebra  is  rare.  The  great  strength  and  the  mech- 
anism of  the  parts  concerned  almost  forbid  the  occurrence  of  an  injury  to  these 
parts.  But  three  or  four  cases  have  thus  far  been  recorded.  In  these  great  force 
caused  serious  injuries  of  the  vertebra^  with  more  or  less  displacement  of  the 
bodies  of  the  bones.  The  symptoms  distinctive  of  injury  of  the  cauda  equina 
are  not  well  defined;  they  uidicate  more  or  less  circumscribed  involvements  of 
parts  and  are  not  of  that  general  nature  which  characterizes  injury  of  the  cord. 
Local  deformity  and  tenderness  and  even  bony  irregularities  of  the  processes 
and  bodies  of  the  vertebrae  may  be  made  out  by  careful  examination,  as  in 
the  preceding  instance. 

Backward  dislocation  may  be  reduced  by  direct  pressure  on  the  spinous 
process,  with  extension  and  counter-extension  of  the  spine.  In  forward  dislo- 
cation extension  and  counter-extension,  with  pressure  in  front,  might  be  effec- 
tive, especially  in  thin  people. 

Dislocations  of  the  Pelvis. — Since  the  sacrum  and  the  ilia  joined  by  their 
synchondroses  form  integral  parts  of  the  pehic  ring,  it  is  customary  to  regard 
diastases  of  these  half-joints  as  more  nearly  allied  to  fractures  than  to  dislocations 
and  to  describe  them  under  the  head  of  fractures.  They  are  severe  injuries, 
the  result  of  great  violence  applied  generally  on  one  side  of  the  pelvis,  as  in 
falling  from  a  great  height  and  alighting  on  one  leg,  or  on  one  ischium,  or  by 
falling  astride  of  some  object  which  would  spread  the  ossa  innominata  apart,  or, 
in  riding  a  bucking  horse,  by  being  thrown  upon  the  withers.  Compression  vio- 
lence, as  when  the  pelvis  is  caught  between  opposing  forces,  is  a  not  infrequent 
cause.     Cases  have  also  been  reported  as  occurring  in  childbirth. 

Malgaigne  described  the  possible  disastases  as  of  the  symphysis  pubis,  of  one 
sacro-iliac  synchondrosis,  of  both  sjTichondroses,  of  one  synchondrosis  and  the 
symphysis  pubis,  and  of  all  three  articulations  together. 

In  diastasis  of  the  symphysis  pubis  there  is  abnormal  mobility  vertically  as 
well  as  horizontally,  which  interferes  with  locomotion  and  which  brings  un- 
usual strain  on  the  sacro-iliac  s}Tichondroses.  If  the  displacement  is  great  the 
sacro-iliac  joint  on  one  side  or  the  other  is  necessarily  spread  apart  and  the 
whole  OS  innominatum  is  loosened.  The  triangular  ligament  is  apt  to  tear  apart 
the  membranous  urethra,  and  there  have  been  described  cases  where  the  prostate 
has  been  damaged  and  even  the  bladder  ruptured  or  the  iliac  vein  or  artery 
torn  across. 

In  diastasis  of  the  sacro-iliac  synchondrosis  the  displacement  is  outward 
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and  backward  because  of  the  obliquity  of  the  plane  of  the  joint.  The  abnormal 
mobility  brings  severe  strain  on  the  ligamentous  apparatus  in  locomotion, 
causing-such  great  pain  as  often  completely  to  prevent  the  patient  from  walking. 
For  this  condition  Christopher  Heath  of  London  devised  a  stout  pelvic  belt 
by  which  the  joint  surfaces  are  more  or  less  pressed  together  and  fixed,  and 
which  is  of  great  value  in  making  locomotion  possible. 

It  should  be  remembered  that  the  sacro-iliac  joint  has  a  small  pseudo-sy no- 
vial  sac,  as  has  the  symphysis  pubis,  and  permits  a  certain  degree  of  movement 
of  a  rotary  character  (from  five  to  ten  degrees)  about  a  transverse  axis  passing 
along  the  posterior  surface  of  the  sacrum  at  the  level  of  the  junction  of  the  first 
and  second  segments  of  the  sacrum  (Testut) — amotion  which  materially  assists 
in  childbirth,  increasing  the  antero-posterior  diameter  of  the  pelvic  outlet,  and 
which  otherwise  is  produced  by  the  person  bending  sharply  forward  or  back- 
ward at  the  hips. 

A  notable  case  is  reported  by  Wilhelm  (Gaz.  des  Hopitaux,  1899)  in  which, 
as  the  result  of  direct  violence  on  the  sacrum  posteriorly,  this  bone  was  driven 
bodily  forward.  The  patient  was  able  to  walk  after  four  weeks,  but  with  a  gait 
resembling  that  of  double  hip  dislocation. 

Sprain  and  partial  dislocations  of  the  sacro-iliac  synchondrosis  are  considered 
by  Goldthwait  and  Osgood,  of  Boston,  as  often  produced  by  indirect  force  or 
by  muscular  action,  especially  in  twisting  of  the  trunk  while  lifting  heavy 
weights,  perhaps  with  the  weight  being  borne  more  on  one  leg  than  the  other, 
and  as  the  real  lesion  present  in  many  cases  of  so-called  "lame  back."  As  an 
evidence  of  the  presence  of  such  sprain  or  partial  dislocation  they  point  to  the 
fact  that  there  is  in  such  cases  pain  on  forced  flexion  of  the  thigh  when  the  leg  is 
extended  and  not  when  the  leg  is  flexed,  as  well  as  tenderness  elicited  by  pressure 
over  the  joint,  and  they  report  a  number  of  cases  in  which  certain  manipulations, 
generally  under  an  anaesthetic,  have  brought  forth  a  bony  click  in  the  neighbor- 
hood of  the sacro-iUac  joint,  followed  by  immediate  cessation  of  the  disability  and 
complete  relief,  save  for  soreness,  which  might  be  expected  to  persist.  After  re- 
duction as  thus  effected,  they  advise  fixation  of  the  parts  of  the  pelvis  by  firm 
application  of  straps  of  adhesive  plaster. 

Dislocations  of  the  coccyx— often  spoken  of  as  the  only  true  dislocations  of 
the  pelvis— are  not  common,  but  have  been  described  as  anterior  (forward), 
posterior  (backward),  and  lateral  (one  case),  the  result  of  direct  violence  as  in 
falls  in  a  sitting  posture.  The  lesion  is  singularly  painful,  probably  because  of 
the  nerves,  which  richly  supply  this  region,  passing  through  rigid  fibrous  struct- 
ures and  being  thereby  injured.  In  other  cases  there  is  left  a  chronic  inflam- 
mation of  the  sacro-coccygeal  joint  (coccygodynia)  set  up  by  the  traumatism, 
in  which  case  there  is  no  satisfactory  treatment  except  excision  of  the  coccyx, 
and  even  this  may  Ix'  futik\ 

Dislocations  of  the  Ribs.— The  ribs,  while  encompassing  the  thoracic  con- 
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tents,  maintain  the  relation  of  the  sternum  to  the  spinal  column  and  at  the  same 
time  are  articulated  so  as  to  permit  of  considerable  movement  of  the  sternum 
and  change  of  volume  of  the  thoracic  cavity  in  respiration.  To  the  vertebrae 
the  ribs  are  attached  each  by  two  joints,  one  on  the  body  of  a  vertebra  and 
intervertebral  disc  and  the  other  on  the  transverse  process.  The  last  two  ribs 
lack  the  second-named  joints,  although  strong  ligaments  are  here  present.  The 
first,  tenth,  eleventh,  and  twelfth  receive  the  entire  heads  of  the  corresponding 
ribs.  To  the  sternum  the  first  seven  ribs  are  united  thiough  their  costal  carti- 
lages by  means  of  synchondroses  or  half-joints  with  double  facets.  The 
eighth,  ninth,  and  tenth  do  not  reach  the  sternum,  but  are  articulated  one  to 
another,  and  the  eighth  to  the  seventh  by  two  similar  joints. 

Dislocations  in  these  synchondroses  occur,  though  rarely,  and  for  the  most 
part  on  the  application  of  direct  violence,  and  are  often  inconsequential  com- 
plications of  serious  fractures  of  the  ribs.  According  to  Stimson  (1905)  there 
have  been  reported  but  9  costo-vertebral  dislocations,  8  chondro-costal,  14 
chondro-sternal,  and  still  fewer  chondro-chondral  dislocations. 

In  the  costo-vertebral  articulations  dislocation  occurs  only  in  the  forward 
direction.  The  rib  end  may  enter  the  pleura  or  may  tear  the  accompanying 
intercostal  arter\',  causing  severe  hemorrhage  into  the  pleura.     (Hoffa.) 

The  diagnosis  is  apt  to  be  obscured  by  the  thick  muscles  of  the  back  and 
the  results  of  the  local  traumatism  which  is  nearly  always  present.  It  may  not 
be  possible  to  exclude  fracture.  Diagnosis  is,  however,  to  be  made  on  the  sharply 
painful  condition  following  a  severe  injury  to  the  chest  wall,  the  abnormal 
mobility  of  the  rib  posteriorly,  the  palpable  depression  over  it,  and  the  absence 
of  bony  crepitus. 

Dislocation  or  diastasis  of  the  costo-stemal  joints  is  shown  by  prominence  of 
the  sternal  end  of  the  cartilage  in  front  of  the  sternum  and  its  bulging  forward 
when  pressure  is  made  on  the  more  prominent  ribs  some  distance  away.  In  the 
case  of  the  joints  between  the  seventh,  eighth,  ninth,  and  tenth  costal  cartilages, 
indirect  violence,  muscle  traction,  as  in  lifting  heavy  weights  or  bending  sharply 
backward,  one  of  the  cartilages  may  be  loosened  from  and  slip  upward  and 
behind  the  next  cartilage  above  it. 

By  pressing  the  more  prominent  cartilage  upward  the  one  dislocated  may  be 
made  to  sUp  out  into  place.  For  the  most  part  replacement  and  retention  as  or- 
dinarily effected  are  only  incomplete,  and,  although  the  region  may  be  acutely 
painful  for  a  time,  no  permanent  distress  is  apt  to  follow. 

Dislocation  of  the  Lower  Jaw. — The  temporo-maxillarj^  joint  is  the  only 
joint  in  the  body  furnished  \N'ith  a  capsule  large  enough  to  permit  of  luxation 
without  rupture.  (Hoffa.)  It  is  divided  into  two  cavities  by  a  meniscus  of  fibro- 
cartilage  which  partakes  of  the  forward  and  backward  movement  of  the  man- 
dibular condyle.  The  combined  motions  of  condyle  and  meniscus  are  equivalent 
to  a  rotation  about  a  horizontal  axis  at  about  the  site  of  the  internal  maxillary 
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foramen,  an  arrangement  beautifully  calculated  to  prevent  injury  to  the  nerve 
in  the  continual  movement  of  the  jaw. 

When  the  jaw  is  forcibly  opened  beyond  a  certain  point,  the  meniscus  is  lifted 
forward  over  the  articular  eminence,  and  luxation  results.  Because  of  the  fact 
that  this  tubercle  is  not  fully  developed  till  adult  life  is  approached,  luxation 
of  the  jaw  rarely  occurs  in  childhood.  Luxation  outward  or  inward  may 
accompany  fracture  of  the  jaw,  particularly  of  the  ascending  ramus,  but  does 
not  occur  otherwise.  Luxation  backward  is  possible  in  some  individuals  (adult 
women,  Thiem)  because  of  the  development  of  a  vertical  process  behind  the  joint 
and  in  front  of  the  auditory  meatus  over  which  the  condyle  of  the  jaw  may 
be  caught.  Otherwise  a  retention  of  a  posterior  displacement  could  take  place 
only  after  fracture  of  the  anterior  wall  of  the  bony  auditory  meatus. 

The  typical  luxation  forward  may  be  unilateral  or  bilateral  and  may  be  pro- 
duced by  such  muscular  actions  as  gaping,  shouting,  striving  to  take  a  too  large 
mouthful,  etc.,  also  by  external  force  applied  to  the  chin  for  the  purpose  of  open- 
ing the  mouth  forcibly. 

When  dislocated  the  jaw  may  be  moved  through  a  small  angle,  but  cannot 
be  closed.  Efforts  of  the  patient  to  close  the  mouth  merely  cause  the  condyles 
to  penetrate  deeper  into  the  temporal  fossa.  The  principal  obstruction  which 
prevents  spontaneous  reduction  and  which  holds  the  bone  in  elastic  tension  is  the 
external  lateral  ligament,  which,  instead  of  extending  obliquely  downward  and 

backward  in  luxation,  extends  obliquely  down- 
ward and  forward, — the  condyle  having  passed 
anteriorly  to  it.     (Fig.  10.) 

The  position  of  the  jaw  is  characteristic:  in 
double  luxation  the  mouth  is  widely  open,  in 
unilateral  the  jaw  is  deflected  toward  the  sound 
side.  In  fracture  of  the  auditory  meatus  with 
posterior  displacement  of  the  condyle  the  jaw 
is  deflected  to  the  side  of  the  injury.  With  the 
mouth  in.  the  characteristic  condition  in  luxa- 
tion, the  patient  cannot  pronounce  certain  conso- 
nants, cannot  chew  his  food  nor  close  his  lips,  for  which  reason  he  cannot  retain 
his  saliva.  There  are  a  palpable  depression  at  the  normal  site  of  the  condyle  and 
an  elevation  in  front,  both  of  which  may  be  visible  in  thin  individuals. 

If  the  luxation  is  not  reduced  the  deformity  gradually  becomes  less,  so  that 
in  time  the  back  teeth  may  come  into  contact  and  the  patient  be  able  to  close  his 
lips,  but  the  deformity  is  never  entirely  overcome.  The  condition  may  be  pain- 
ful from  pressure  on  filaments  of  the  fifth  nerve,  but  often  is  but  little  painful. 

After  dislocation  has  once  occurred,  it  is  apt  to  recur  and  may  become  habit- 
ual, so  that  the  individual  must  be  constantly  on  guard  to  avoid  gaping  or  other- 
wise opening  the  mouth  too  widely. 


Fio.  10. — Dislocation  of   the  Lower 
Jaw  Forward.     (After  Tillmanns.) 
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Treat:^ient.— In  recent  cases  reduction  can  generaUy  be  effected  very  easily, 
—it  is  often  accomplished  by  the  patient  himself,— but,  on  the  other  hand,  in  a 
short  time,  because  of  inflammation  and  muscular  spasm,  reduction  may  become 
exceedingly  difficult. 

The  following  manipulation  is  successful  in  most  cases:  the  patient  sits  up- 
right, his  head  steadied  by  an  assistant  behind  while  the  operator  stands  in  front. 
The  operator's  thumbs,  WTapped  with  gauze,  are  placed  on  the  molar  teeth 
on  either  side,  the  fingers  of  each  hand  grasping  the  body  of  the  jaw.  By  pressing 
downward  and  backward  strongly,  the  operator  is  generally  able  to  carry  the  con- 
dyle over  the  articular  tubercle,  and  as  his  thumbs  sUde  outward  into  the  cheeks 
the  teeth  come  together.  In  some  cases  it  is  found  advantageous  to  make 
backward  pressure  on  the  coronoid  process.  In  other  cases  spasmodically  con- 
tracted muscles  require  to  be  stretched  and  ligaments  relaxed  by  opening  the 
mouth  widely,  and  the  above  manipulation  is  then  carried  out  with  the  jaw  in 
that  position.  In  the  manipulation,  the  lower  jaw  is  used  somewhat  as  a 
lever,  the  operator's  thumbs  being  the  fulcnmi. 

Sometimes  in  double  luxation  success  is  reached  by  attacking  first  one  side 
and  then  the  other.  If  reduction  is  not  effected,  resort  may  be  had  to  section 
of  the  external  lateral  ligament.  Section  of  the  coronoid  process  has  been  shown 
to  be  of  no  advantage. 

In  an  occasional  refractory  case  a  general  anaesthetic  may  be  required. 

In  older  cases  an  anaesthetic  should  be  given  and  adhesions  carefully  broken 
before  the  manipulation  is  attempted.  If  it  then  fails,  arthrotomy  should  be 
performed  with  section  of  the  obstructing  bands;  and,  if  reduction  is  not  then 
possible,  resort  may  be  had  to  resection  of  the  condyle,  an  operation  the  re- 
sults of  which  are  generally  very  satisfactory. 

After  reduction  is  accomplished  the  jaw  should  be  kept  at  rest  by  being  ban- 
daged firmly  to  the  upper  jaw  for  about  a  week,  the  patient  being  fed  on  hquids. 
He  should  be  cautioned  against  opening  his  mouth  vsidely  for  a  considerable 
length  of  time  lest  dislocation  recur  and  become  habitual. 

For  habitual  luxation  of  the  jaw  it  has  been  proposed  (Genzmer)  to  inject 
iodine  into  the  capsule  to  produce  constriction. 

Dislocations  of  the  Clavicle. — (a)  Sternoclavicular  Joixt. — The  small 
size  of  the  socket  of  the  sterno-clavicular  joint  relatively  to  that  of  the  head  of 
the  cla\dcle  strongly  favors  dislocation;  and,  were  the  joint  not  otherwise 
greatly  protected  and  endowed  with  a  Umited  range  of  motion,  dislocation 
would  be  common.  As  it  is,  about  one  per  cent  of  dislocations  are  of  this  joint. 
(Stimson.) 

The  sterno-costo-clavicular  joint  is  a  ball-and-socket  joint,  for  it  permits 
of  flexion  in  all  directions  and  therefore  of  circumduction  and  axial  rotation  to 
some  degree.  The  flexion  movements  take  place  about  axes  which  are  a  little 
external  to  the  head  of  the  bone,  and  therefore  the  inner  extremity  always  moves 


32 


AMERICAN  PRACTICE  OF  SURGERY. 


in  the  direction  opposite  to  that  of  the  outer.  Thus,  in  depression  of  the  shoulder, 
the  upper  portion  of  the  capsular  ligament  and  the  interclavicular  ligament  are 
put  on  the  stretch,  and  in  excessive  motion  in  this  direction  they  are  torn  and 
luxation  takes  place  upward.  Furthermore,  the  clavicle  finds  a  fulcrum  on  the 
first  rib,  which  fact  still  further  favors  upward  displacement  of  the  inner  end 
of  the  clavicle  when  the  shoulder  is  forced  downward.  Similarly,  forcible  back- 
ward motion  of  the  shoulder,  especially  if  combined  with  lateral  thrust,  will  tear 
the  anterior  portion  of  the  capsule,  producing  a  dislocation  forward,  while  ex- 
cessive forward  movement  of  the  shoulder  will  produce  a  backward  dislocation. 
Backward  dislocation  is  also  produced  by  direct  violence  applied  in  front. 

In  the  upward  dislocation  (Figs.  11,  12,  and  13)  the  head  of  the  clavicle  lies 
in  the  jugulum  and  between  the  sterno-mastoid  and  sterno-hyoid  muscles, 
while  in  the  forward  variety  it  lies  immediately  beneath  the  skin  in  front  of  the 
sternum  and  the  tendon  of  the  sterno-mastoid  muscle.  In  the  backward  dislo- 
cation it  lies  behind  the  sternum  and  generally  behind  the  sterno-hyoid  muscle, 
but  the  relations  to  the  muscles  in  this  case  vary  and  depend  probably  on  varia- 
tions of  their  insertions.  In  all  of  these  dislocations  the  joint  cavity  can  be 
made  out  by  palpation.     In  all  of  them,  too,  the  shoulder,  lacking  the  support 

of  the  clavicle,  which  takes  the  place  of  a  strut, 
droops  downward,  forward,  and  inward  in  a  degree 
and  therefore  is  narrower  than  normally,  i.e.,  is 
nearer  the  spinal  column;  but,  although  its  move- 
ments are  impaired,  its  function  is  not  entirely 
lost.  The  dropping  of  the  shoulder  and  outer 
portion  of  the  clavicle  in  upward  and  in  forward 
dislocation  sometimes  causes  pressure  on  the  bra- 
chial plexus,  which  results  in  formication  in  the 
upper  extremity,  or  even  in  serious  pressure  pa- 
ralysis. In  dislocation  backward  the  head  of  the 
clavicle  may  impinge  on  the  trachea,  deep  vessels 
and  nerves,  causing  pressure  symptoms  in  a  varying 
degree  and  of  variable  duration. 

In  a  few  cases  both  sterno-clavicular  joints 
have  been  simultaneously  dislocated  forward,  and 
in  one  reported  by  Geissler  ("von  Leuthold  Ge- 
denkschrift,"  1906)  both  joints  were  dislocated 
backward,  the  trachea  being  compressed  between 
the  two  bones. 

Sternal  dislocation  (Figs.  13  and  14)  may  be  complicated  by  fracture  of  a 
portion  of  the  articular  surface  of  the  sternum  or  the  clavicle,  and  in  the  forward 
dislocation  the  head  of  the  clavicle  may  tear  off  the  insertion  of  the  sterno- 
mastoid  muscle,  stripping  up  the  periosteum  of  the  sternum. 


Fig.  11.  —  Rear  View  of  the 
Right  Shoulder  in  a  Case  of  Dis- 
location of  the  Acromial  End  of 
the  Clavicle  Upward.  (After 
Helferich.)  Here  the  depression 
of  the  head  of  the  humerus  and 
the  acromion  is  quite  plainly 
visible. 
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Fig.  12. — Specimen  Showing  the  Rela- 
tions of  the  Bones  in  an  Upward  Dislocation 
of  the  Clavicle.     (After  Helferich.) 


Both  ends  of  the  clavicle  have  been  occasionally  dislocated  simultaneously, 
to  which  condition  the  term  total  dislocation  of  the  cla\acle  has  been  applied. 

Habitual  lu.xation  of  the  inner  end  of  the  clavicle  is  not  very  unconimon 
and  maj'  result  from  recurrence  follo^Ning 
reduction  of  an  ordinary  dislocation,  but  it 
may  also  occur  by  gradual  stretching  of  the 
ligaments  of  the  joint  from  continual  ex- 
cessive use  of  the  arm,  as  in  base-ball  pitch- 
ing, or  from  traction  of  the  sterno-cleido- 
mastoid  nmscle,  as  in  scoliosis.  A  case  of 
this  sort  (Katzenstein,  Langenheck's  Archiv, 
LXIX.),  due  to  chronic  trauma  and  recur- 
rent after  suture  of  the  ligaments  and  short- 
ening of  the  capsule,  resulted  in  pressure 
paralysis  of  the  brachial  plexus,  and  there- 
fore required  further  operation.  Removal 
of  the  meniscus  and  articular  cartilage  re- 
sulted in  cure  b}'  ankylosis. 

Acute  dislocation  can  generally  be  read- 
ily reduced  by  making  outward  traction  on  the  arm  and  shoulder,  at  the 
same  time  drawing  the  shoulder  forward  or  backward  or  upward  and  making 
direct  pressure  on  the  inner  end  of  the  clavicle.  Drawing  the  shoulders  back- 
ward against  the  knee  placed  be- 
tween them  posteriorly  is  a  good 
method  of  reducing  some  claxdc- 
ular  dislocations.  In  some  cases 
reduction  may  be  most  difficult, 
possibh'  as  a  result  of  displace- 
ment of  the  meniscus,  of  a  com- 
plicating fracture,  or  of  locking  of 
the  end  of  the  bone  behind  the 
sternum.  Retention,  however,  is 
a  different  matter  and  is  seldom 
perfecth'  accomplished;  i.e.,  after 
a  complete  luxation  there  is  prac- 
tically always  left  a  greater  mobil- 
ity of  the  mner  end  of  the  cla\4cle 
than  the  normal,  as  well  as  some 
degree  of  abnormal  prominence  of 
the  head  of  the  bone.     Function,  nevertheless,  is  usually  perfectly  restored. 

Retention  is  best  accompUshed  by  fixation  of  the  shoulder,  forward  in 
anterior  dislocation,  backward  in  posterior,  by  a  figure-of-8  bandage  of  both 

VOL.  IT.— 3 


Fig.  13. — Dislocation  Upward  of  the  Distal  End  of 
the  Clavicle.  (Roentgen  Department  of  the  Lane 
Hospital,  San  Francisco.) 
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shoulders  crossing  in  front  or  behind  as  the  case  may  be.  An  axillary  pad 
will  materially  assist,  but  care  should  be  taken  to  prevent  elevation  of  the  arm. 
Sayre's  apparatus  for  fracture  of  the  clavicle  (Fig.  28,  p.  118  of  Vol.  III.),  per- 
haps' combined  with  compresses  at  the  sternal  end,  will  be  found  useful  in  those 
dislocations  in  which  it  is  desirable  to  secure  upward,  outward,  and  backward 
fixation  of  the  shoulder.    Such  fixation  should  be  maintained  for  a  week  or 

two. 

Operative  treatment  has  not  been  notably  successful,  probably  because  of  the 
difficulty  in  finding  ligamentous  structures  of  sufficient  strength  to  hold  the  nec- 


Fio.  14. — Dislocation  of  the  Sternal  End  of  the  Clavicle.  (After  Helferich.)  Front  view  of  a 
man,  aged  fifty-seven,  with  dislocation  of  the  right  clavicle  forward  at  its  inner  end.  The  right 
shoulder  is  slighty  approximated  toward  the  middle  line. 

essary  sutures.  The  costo-clavicular  ligament  should  be  sutured,  and  if  it  is 
much  frayed  the  sutures  should  be  passed  through  the  bone.  In  case  of  habitual 
luxation  various  procedures  have  been  tried :  excision  of  the  meniscus  and  the 
cartilaginous  articular  surfaces  has  been  resorted  to  in  the  hope  of  bringing 
about  bony  ankylosis;  Stimson  succeeded  in  two  cases  with  periarticular  injec- 
tions of  alcohol. 

(6)  Acromio-Clavicular  Joint. — The  acromio-clavicular  joint  permits  of 
only  very  limited  motions,  and  these  consist  of  slidings  by  which  the  scapula  is 
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Fig.   15. — Dissection  of  the  Dislocation 
Shown  in  Fig.  14.      (After  Helferich.) 


permitted  to  rotate  in  various  directions,  chiefly  as  shown  in  the  elevation  and 
depression  of  its  outer  angle.  These  rotations,  supplementing  the  freer  motion  of 
the  sterno-clavicular  joint,  determine  the  comparatively  wide  range  of  motion  of 
the  scapula  over  the  chest  wall.  According  to  Scudder  iJour.  Am.  Med.  Assn., 
1906),  who  quotes  the  observations  of  Krecke, 
Poirier,  Rieffel,  and  Sheldon  {Annals  of  Sur- 
gery, September,  1903)  in  dislocations,  the 
ligaments  limiting  these  motions  are  torn  as 
follows :  the  acromio-clavicular  ligaments  are 
torn  in  all  cases,  the  conoid  ligament  in  all 
complete  cases,  and  both  the  conoid  and  the 
trapezoid  in  most  complete  cases.  There  is 
sometimes  present  a  compUcating  fracture  of 
the  lower  edge  of  the  articular  surface  of 
the  clavicle  or  of  the  upper  edge  of  the  acro- 
mion. Dislocation  dowTiward  or  beneath  the 
acromion  has  occurred,  but  is  rare. 

The  upward  dislocation  is  practically  always  produced  by  a  severe  blow 
on  the  point  of  the  shoulder  directed  downward  and  forward.  The  clavicle  is 
forced  relatively  upward  and  makes  a  prominent  swelling  beneath  the  skin  over 
and  behind  the  acromion,  which  latter  is  depressed.    The  shoulder  therefore 

droops  and  is  narrower  than  the  opposite  one 
in  complete  cases,  i.e.,  does  not  stand  out  so 
far  from  the  spinal  column,  and  the  patient  is 
unable  to  raise  his  forearm  above  his  head  in 
the  normal  maimer.  In  some  cases  there  is  a 
good  deal  of  pain,  which  may  persist. 

Most  cases  of  partial  dislocation  can  be 
readily  reduced  and  a  satisfactoiy  anatomical 
and  functional  result  be  obtained  by  retention 
with  pads  and  bandages.  This  is  also  true  of 
a  considerable  proportion  of  complete  dislo- 
cations, but  in  other  cases  reduction  may  be 
impossible  owing  to  the  interposition  of  a 
torn-off  portion  of  the  trapezius  muscle,  the 
edge  of  torn  ligaments,  or  perhaps  a  mis- 
placed or  rotated  meniscus.  Retention  may 
be  difficult  because  of  great  muscular  power 
of  the  patient,  or  because  of  an  obliquity  of  the  plane  of  the  articular  sur- 
face, or  a  complicating  fracture  or  total  severing  of  the  ligaments.  Even  if 
the  bandages  applietl  suffice  to  hold  the  end  of  the  clavicle  in  place,  the  torn 
edges  of  the  ligaments,  particularly  of  the  conoid  and  trapezoid,  may  be  so 


Fig.  16. — Dissection  Showing  the 
Relations  of  the  Parts  in  Dislocation  of 
the  Inner  End  of  the  Cla^'^cle  Back- 
ward. (After  Helferich.)  Note  how 
easily  the  trachea  and  crsophagus  might 
be  severely  compressed  as  a  result  of 
such  a  dislocation. 
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separated  that  they  fail  to  unite  properly.  Under  such  circumstances  the  dis- 
placement persists  and  in  occasional  cases  the  condition  is  painful.  Hence  if  re- 
duction is  not  readily  effected,  or  if  there  is  difficulty  in  retention,  or  if  the  original 
deformity  is  so  extreme  that  it  is  probable  that  the  whole  ligamentous  arrange- 
ment of  the  clavicle  is  torn,  operation  should  be  performed  and  the  ligaments 
sutured,  especially  the  conoid  and  trapezoid.  It  may  be  found  that  the  liga- 
ments are  too  much  frayed  to  hold  sutures,  or  are  torn  off  too  close  to  the  bone, 
be  it  clavicle  or  coracoid;  in  which  case  sutures  of  kangaroo  tendon  or  wire 
should  be  passed  through  holes  drilled  in  the  bone. 

The  shoulder  should  be  supported  by  an  axillary  pad  and  compresses  applied 
over  the  outer  end  of  the  clavicle.  Compresses  made  of  rolls  of  lint  covered 
with  adhesive  plaster  with  the  gum  side  out  answer  admirably.  An  excellent 
bandage  for  making  compression  on  the  outer  end  of  the  clavicle  is  a  figure-of-8 
passing  from  the  clavicle  down  behind  the  arm,  up  around  the  flexed  elbow, 
crossing  over  the  clavicle  and  around  the  opposite  axilla.  These  turns  may  be 
repeated  several  times  and  the  whole  fixed  by  a  few  turns  around  the  chest. 
The  forearm  should  be  supported,  but  the  hand  and  wrist  should  be  left  free. 
A  strong  bandage  thus  adjusted  and  regulated  in  its  tension  by  a  Petit's  tourni- 
quet serves  an  excellent  purpose  in  continued  fixation  at  this  joint. 

Dislocations  of  the  Hiunems. — Practically  one-half  of  all  dislocations  are  of 
the  shoulder  joint,^a  frequency  which  cannot  but  be  the  result  of  the  sacrifice 
of  stability  to  the  greater  necessities  of  mobility. 

The  surface  of  the  glenoid  cavity,  even  when  extended  by  its  cartilag- 
inous rim,  is  so  small  compared  to  that  of  the  head  of  the  humerus  that  it  serves 
as  little  more  than  a  point  of  support  for  the  latter.  In  the  vertical  plane 
it  covers  an  arc  on  the  head  of  the  humerus  of  about  one-quarter  of  a  cir- 
cle, ninety  degrees,  and  in  the  horizontal  plane  about  one-fifth,  or  seventy- 
two  degrees, — a  very  different  state  of  affairs  from  what  exists  in  the  acetabu- 
lum, which  is  practically  a  hemisphere.  Furthermore,  the  capsule  is  wide  and 
lax,  else  it  would  furnish  serious  limitation  of  movement.  The  joint  is  there- 
fore dependent  for  stability  very  largely  on  the  favorable  situation  of  the  acro- 
mion and  coracoid  processes,  which,  with  their  connecting  ligament,  make  a  kind 
of  socket,  although  at  a  distance  from  the  head  of  the  humerus,  and  also  in 
some  measure  on  the  tension  of  the  following  muscles:  subscapularis  in  front, 
the  supraspinatus  and  infraspinatus  and  teres  minor  behind,  and  the  deltoid 
enveloping  the  whole  outer  aspect  of  the  joint.  The  four  muscles  attached  to 
the  upper  extremity  of  the  humerus,  especially  the  subscapularis,  are  intimately 
adherent  to  the  capsule  and  thus  serve  to  take  up  the  slack  of  the  capsule. 
This  adds  materially  to  the  stability  of  the  joint,  besides  keeping  the  capsule 
from  being  folded  between  the  head  of  the  humerus  and  the  glenoid  cavity. 
The  coraco-humoral  ligament  which,  with  the  supraspinatus,  occupies  the  space 
between   the  head  of  the  humerus  and  the  coraco-acromial  ligament,   is  of 
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similar  importance  in  relation  to  luxation  of  the  shoulder  as  is  the  Y-Ugament 
of  the  hip  in  dislocations  of  that  joint. 

The  shoulder  joint  permits  of  movement  in  all  directions  and  therefore 
of  circumduction  as  well  as  axial  rotation  in  all  jwsitions  of  the  humerus. 
One  may  conveniently  consider  these  motions  as  rotations  in  three  planes  at 
right  angles  to  one  another.  In  the  lateral  vertical  plane  the  humerus  may  be 
raised  roughly  to  the  horizontal  (abduction)  and  depressed  to  the  side  of  the 
chest  (adduction).  Further  adduction  is  possible  if  the  shoulder  is  raised.  In 
the  anterior  vertical  plane  the  humerus  can  be  raised  to  about  one  hundred  and 
forty  degrees  before  the  scapula  is  tipped  backward,  the  arrest  at  this  point 
being  effected  by  the  acromion  process  and  the  coraco-acromial  ligament. 
This  movement,  which  occasions  a  mai'ked  twist  in  the  capsule,  is  favored  by  the 
normally  oblique  direction  downward  of  the  anterior  portions  of  the  capsule 
(gleno-humeral  ligaments).  This  very  obliquity  of  the  fibres  of  the  anterior 
portion  of  the  capsule,  however,  serves  powerfully  to  prevent  elevation  of  the 
humerus  posteriorly. 

In  the  horizontal  or  transverse  plane  passing  through  the  shoulder  joint  the 
humerus  can  be  abducted  to  the  plane  of  the  back,  at  wliich  point  it  is  arrested 
by  contact  of  the  greater  tuberosity  with  the  posterior  edge  of  the  glenoid  fossa 
and  by  the  tension  of  the  anterior  ligaments.  It  can  be  adducted,  however,  until 
arrested  by  the  chest  wall. 

The  attachment  of  the  long  head  of  the  triceps  at  the  lower  border  of  the 
glenoid  fossa — the  muscle  being  flat  in  a  roughly  antero-ix)sterior  sense  and  the 
edge  therefore  being  toward  the  humerus — furnishes  a  natural  plane  of  division  be- 
tween forward  and  backwaixl  dislocations,  but,  more  than  that,  it  is  a  determining 
factor  in  many  cases  of  subglenoid  dislocation.  Finck,  of  von  Bruns'  clinic,  has 
shown  that  about  97.5  per  cent  of  all  shoulder  dislocations  are  forward,  while  only 
2.5  per  cent  are  backward.  Tliis  extraordinarily  greater  frecjuency  of  forward  dis- 
locations is  further  accoimted  for  by  the  fact  that  most  dislocations  of  the  shoulder 
are  produced  by  "  lever  action,"  the  long  arm  being  the  shaft  of  the  humerus  and 
the  short  arm  the  head  of  the  bone.  The  only  point  where  a  bony  fulcrum 
can  develop  is  above,  where  one  or  other  of  the  tuberosities,  generally  the  greater 
(depending  on  the  degree  and  direction  of  rotation),  impinges  on  the  upper  edge 
of  the  glenoid  ligament.  Excessive  elevation  of  the  arm  laterally  or  anteriorly 
by  "lever  action"  lifts  the  head  of  the  humerus  off  the  glenoid  cavity,  and  fur- 
ther elevation  transfers  the  fulcrum  to  the  edge  of  the  acromion.  The  fact  that 
the  spherical  articular  head  proper  of  the  humerus  projects  inward  from  the 
shaft  makes  it  evident  that  there  can  Ix^  no  bony  fulcrum  on  the  lower  portion 
of  the  neck  of  the  humerus,  or  on  the  inner  side  of  the  bone. 

Although  blows  are  received  more  frequently  on  the  front  of  the  shoulder 
than  from  Ijehind,  and  notwithstantling  the  fact  that  the  acromion  provides 
great  protection  against  blows  from  behind,  still  dislocation,  even  when  due  to 


gg  AMERICAN  PRACTICE  OF  SURGERY. 

direct  violence,  is  more  common  forward  than 'backward,  because  the  glenoid 
cavity,  by  its  deviation  forward  (nearly  forty-five  degrees),  offers  great  bony  re- 
sistance to  displacement  backward. 

The  primary  positions  of  the  head  of  the  humerus  in  dislocation  are  difficult 
to  determine  because  seldom  observed,  but  they  are  probably  few  in  comparison 
with  the  secondary  positions;  so  much  depends  on  the  point  where  the  causa- 
tive forces  cease  to  act  and  on  the  character  and  direction  of  additional  forces 
which  are  active  after  the  head  of  the  bone  has  left  the  joint. 

In  all  but  very  rare  cases  dislocation  of  the  shoulder  is  produced  by  "lever 
action,"  as  said  above,  or  by  thrust  from  above  and  behind,  in  either  of  which 
cases  the  capsule  is  torn  below  or  in  front,  the  head  of  the  bone  passing  through 
the  rent.  If  the  arm  is  still  held  in  extension  and  force  be  active  in  the  direction 
of  the  shaft  of  the  humerus,  the  head  of  the  bone  is  driven  quite  a  long  way 
through  the  rent  in  the  capsule  and  deep  down  into  the  axilla.  The  capsule  may 
be  partly  turned  inside  out  or  widely  ripped  off  the  bone.  Untorn  portions  of 
the  capsule  and  the  muscle  attached  to  the  tuberosities,  and  particularly  those 
muscles  attached  to  the  shaft  lower  down  (teres  major,  pectoralis  major,  and 
latissimus  dorsi),  furnish  a  fulcrum,  and  the  upper  extremity  of  the  humerus, 
then  being  a  relatively  long  short  arm  of  the  lever,  prevents  elevation  of  the 
head  of  the  humerus.  The  so-called  luxatio  erecta — one  of  the  rarer  disloca- 
tions of  the  shoulder — results;  the  head  of  the  bone,  having  passed  downward 
behind  the  subscapularis  and  in  front  of  the  teres  major  and  latissimus  dorsi 
muscles,  lies  on  the  chest  wall,  and  the  arm  remains  extended  above  the  head. 

In  the  more  usual  dislocations  the  arm  is  brought  down  to  the  side  before  the 
head  of  the  bone  has  passed  far  enough  through  the  rent  in  the  capsule.  De- 
pending very  largely  upon  the  degree  of  this  protrusion,  the  amount  of  tearing  off 
of  the  capsule  from  its  humeral  attachment,  etc.,  the  head  of  the  bone  will  lodge 
beneath  the  lower  edge  of  the  glenoid  cavity  in  front  of  the  long  head  of  the 
triceps  (subglenoid  dislocation),  or  higher  up  in  front  of  the  glenoid,  more  or 
less  external  to  the  coracoid  (preglenoid  dislocation),  or  beneath  the  coracoid 
(subcoracoid  dislocation),  or  even  internal  to  it  (intracoracoid  dislocation). 

In  high  dislocations  forward,  due  for  the  most  part  to  direct  violence, — e.g., 
blows  on  the  back  of  the  shoulder, — the  head  of  the  humerus  may  slip  over  the 
upper  border  of  the  subscapular  muscle,  or  may  tear  through  its  lower  portion, 
—an  occurrence  which  is  favored  by  the  attachment  of  this  muscle  to  the  cap- 
sule, or  it  may  dissect  it  up  from  the  surface  of  the  scapula;  but  much  more 
commonly  it  passes  beneath  the  edge  of  the  subscapularis  and  lodges  anteriorly 
to  it,  or  presses  untorn  portions  of  the  muscle  upward  against  the  coracoid. 

In  the  production  of  most  of  these  so-called  secondary  positions  the  move- 
ments of  the  head  of  the  humerus  are  constrained  and  largely  determined  by  the 
strong  coraco-humeral  ligament  acting  as  a  fulcrum. 

Dislocation  backward  is  produced  by  longitudinal  thrust  on  the  elevated  and 
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adducted  humerus  and  is  probably  favored  by  internal  rotation.  It  is  ix)ssible 
that  in  a  few  cases  of  subglenoid  dislocation  the  humerus  may  be  forcibly'  lowered 
in  adduction  and  the  head  of  the  bone  slip  over  the  long  head  of  the  triceps. 
In  its  secondary  position  the  head  of  the  humerus  may  lie  on  the  posterior  sur- 
face of  the  infraspinatus  muscle,  or,  more  rarely,  beneath  it.  Dislocations  back- 
ward are  commonly  subacromial,  but  greater  penetration  of  the  head  through 
the  rent  in  the  capsule  will  permit  still  further  displacement  inward,  and  the 
dislocation  will  then  be  subspinous. 

Farabeuf  thought  that  in  a  ease  seen  by  him  the  head  of  the  humerus  had 
been  forced,  by  a  movement  of  circumduction,  dowTiward  and  backward  be- 
neath the  long  head  of  the  triceps,  i.e.,  between  it  and  the  edge  of  the  scapula. 
This  subtricipital  dislocation  of  Farabeuf  is  a  theoretical  possibility,  but  the 
few  cases  that  have  been  observed  as  perhaps  presenting  this  condition  have 
been  doubtful  and  more  than  probably  were  merely  low  posterior  dislocations. 
(Stimson.) 

Dislocation  upward  of  the  head  of  the  humerus  has  been  observed,  in  all,  in 
fourteen  cases  (histories  of  all  of  them  detailed  by  Stimson),  most  of  them  hav- 
ing been  seen  months  or  weeks  after  the  occurrence  of  the  injury,  and  only  a 
few  in  the  recent  state.  As  far  as  known  they  were  produced  by  blows  on 
the  elbow,  the  arm  being  down  at  the  side.  It  would  also  appear  that  rotation 
of  the  humerus  outward  and  elevation  of  the  shoulder  favored  this  dislocation. 
The  extreme  rarity  of  dislocation  upward  is  probably  to  be  explained,  not  on 
the  rarity  of  blows  on  the  elbow,  but  on  the  ela.stic  yielding  of  the  scapula  as 
a  whole  upward,  thereby  taking  up  the  thrust  before  displacement  occurs. 

The  displacement  of  the  humerus  in  the  fourteen  cases  referred  to  above  was 
not  great — 1  or  2  cm.  (|  -  f  in.) — and  the  head  of  the  humerus  impinged  on 
the  anterior  and  under  surface  of  the  clavicle.  In  several  of  the  cases  the  cora- 
coid  or  the  acromion  was  fractured.     The  capsule  was  not  necessarily  ruptured. 

The  following  classification  (Stimson)  embodies  the  tendency  of  modern 
writers  on  dislocations  to  simplification — restricting  the  group  of  the  "sub- 
glenoid" and  enlarging  that  of  the  "subcoracoid": — 

SSubcoracoJd ;  very  common. 
Int  racoraeoid ;  except  ional. 
Subcla\-icular. 

f  Subglenoid;  uncommon. 

Downward 4  Erecta ;  very  rare. 

(  Subtricipital  (?). 

Backward i  Subacromial;  rare. 

I  Subspinous ;  verj'  rare. 

Upward Supraglenoid ;  verj'  rare. 

Dislocations  Forward. — In  dislocation  of  the  head  of  the  humerus  for- 
ward the  normal  rotundity  of  the  shoulder  is  lost,  the  acromial  process  being 
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prominent  and  giving  the  shoukler  a  pointed  appearance.  There  is  more  or  less  of 
a  concavity  beneath  the  acromion  laterally,  and  internally  there  is  a  fulness.  The 
arm  .is  somewhat  abducted,  and  its  axis,  prolonged  upward,  instead  of  meeting 

the  acromion  a  little  internal  to  its 
tip,  passes  internally  to  this  point  to 
a  degree  depending  on  the  displace- 
ment inward  of  the  head  of  the 
humerus,  although  with  elevation  of 
the  head  the  obliquity  is  less  than 
when  the  head  is  lodged  beneath 
the  glenoid  cavity.  In  the  purely 
subglenoid  dislocation  the  head  of 
the  bone  is  so  depressed  and  the 
outer  parts  of  the  capsule  are  so 
tense  that  the  arm  is  often  greatly 
abducted,  so  that  its  axis  passes 
through  the  middle  of  the  clavicle. 
In  a  case  of  intracoracoid  disloca- 
tion reported  by  Bardenheuer  the 
arm  was  held  in  horizontal  abduc- 
tion. 

Palpation  demonstrates  the  absence  of  the  head  of  the  humerus  beneath 
the  acromion  and  shows  its  true  position  with  reference  to  the  bony  landmarks, 
although  the  coracoid  in  many  cases  cannot  be  felt.  It  shows  also  a  marked  in- 
crease in  the  distance  between  the  tip  of  the  acromion  and  the  shaft  of  the  hu- 


FiG.  17. — Dislocation  of  the  Head  of  the  Humerus 
Forward,  with  Fracture  of  tlie  Greater  Tuberosity. 
(Roentgen  Department  of  Lane  Hospital,  San  Fran- 
cisco.) 


Fig.  18. — Intracoracoid  Dislocation  of  the  Humerus.     (After  Lejars.) 


merus  high  up  in  the  axilla.  (Fig.  18.)  In  complicating  fracture,  crepitus  may 
be  detected,  but  later  effusion  of  blood  and  oedema  may  obscure  the  findings  of 
palpation. 

Attempts  to  bring  the  elbow  to  the  side  demonstrate  an  elastic  resistance 
which  is  cjuite  the  contraiy  to  the  finding  in  fracture  of  the  neck  of  the  humerus. 
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The  arm  may  appear  slightly  longer  than  its  fellow,  but,  on  measurement  from 
the  tip  of  the  acromion,  it  is  generally  found  slightly  shortened.  In  the  intra- 
coracoid  dislocation  or  the  subclavicular  the  shortening  is  more  pronounced. 

In  recent  dislocation  active  movement  of  the  arm  is  prevented  by  the  ab- 
normal tension  of  the  muscles  and  by  the  soreness,  but  a  considerable  degree 
of  passive  motion  is  possible  outward  and  forward.  In  preglenoid  dislocation 
the  head  of  the  humerus  may  be  rotated  about  the  edge  of  the  glenoid  depres- 
sion.— the  latter  lying  in  the  sulcus  between  the  greater  tuberosity  and  the  ar- 
ticular surface — and  in  this  motion  the  heatl  can  be  felt  to  describe  an  arc  with 
longer  radius  than  when  similar  rotation  is  attempt^xl  in  the  more  distinctly 
characterized  inward  dislocations,  because  in  the  latter  rotation  is  more  nearly 
axial. 

An  important  point  in  the  differentiation  of  dislocation  from  fracture  of  the 
glenoid  cavity,  or  of  the  neck  of  the  scapula,  both  of  wliich  conditions  produce 


Fig.   19. — Subcoracoid  Dislocation  of  the  Hiunerus.     (After  Lejars.) 


a  similar  deformity,  is  that  in  the  latter  the  deformity  is  readily  overcome,  but 
at  once  reciu"s  when  pressure  is  released. 

In  subglenoid  dislocation,  besides  the  obliquity  of  the  axis  of  the  arm  above 
mentioned,  there  are  greater  flattening  of  the  deltoid  region  and  greater  tension  of 
the  deltoid  muscle.  The  arm  may  be  slightly  lengthened  as  measured  from  the 
tip  of  the  acromion.  The  head  of  the  humerus  is  plainly  to  be  felt  in  the  axilla 
and  perhaps  a  finger's  breadth  below  the  coracoid.  Dugas'  sign  is  of  impor- 
tance and  can  be  promptly  employed.  It  is  this:  If  the  hand  of  the  injured 
extremity  be  placed  on  the  soimd  shoulder  the  elbow  cannot  touch  the  side 
of  the  chest;  or,  vice  versa,  if  the  elbow  touch  the  side  of  the  chest,  the  hand 
cannot  be  placed  on  the  sound  shoulder. 

Treatment. — In  uncomplicated  foi-ward  dislocations  of  the  humerus,  reduction 
can  generally  be  effected  without  difficulty  in  the  early  stages  before  effusion 
and  swelling  have  occurred,  and  for  the  most  part  without  anaesthesia.  However, 
if  the  patient  be  powerfully  muscled  and  particularly  if  he  be  under  the  influence 


42 


AMERICAN  PRACTICE  OF  SURGERY. 


of  alcohol,  anaesthesia  will  generally  be  required  before  the  muscles  will  relax 
sufficiently  to  permit  of  replacement  of  the  dislocated  bone. 

Many  methods  of  reduction  have  been  devised,  some  general  in  application 
and  others  designed  to  meet  specific  indications.     They  may  be  roughly  classified 

as  methods  of  direct  reposition 
by  manipulation,  by  traction  with 
or  without  manipulation,  by  lev- 
erage, generally  combined  with 
traction,  by  rotation,  and  finally 
by  open  incision. 

Space  will  not  permit  of  the 
detailed  description  of  more  than 
a  few  of  these  methods,  but  before 
we  consider  them  attention  should 
be  drawn  to  the  more  evident 
causes  of  difficulty  in  reduction, 
on  which  in  given  cases  choice  of 
method  may  very  largely  depend. 
In  general,  the  milder  methods 
should  be  tried  before  resort  is  had 
to  methods  using  much  force,  and 
if  possible  a  Roentgen  picture 
should  be  obtained  in  order  to  ex- 
clude fracture  with  displacement 
of  a  fragment  as  the  hinderance  to 
reduction. 

According  to  Doellinger  tension 
of  the  subscapularis  muscle  is  one 
of  the  most  common  and  impor- 
tant hinderances  to  reduction  of 
forward  dislocations.  In  Kocher's 
method  of  reduction  this  muscle 
is  stretched  by  rotation  outward. 
In  case  of  fracture  of  the  minor  tuberosity  the  muscle  may  pull  the  fragment 
inward  and  cause  it  to  interfere  with  reduction.  The  rent  in  the  capsule  may  be  a 
simple  slit  and  offer  great  resistance  to  the  passage  of  the  head,  especially  if  the 
capsule  be  torn  from  its  humeral  attachment  anteriorly.  Fracture  of  the  external 
or  greater  tuberosity  is  rather  common  and  sometimes  the  fragment  falls  into  the 
joint.  It  is  then  large  enough  materially  to  hinder  reposition.  The  long  tendon 
of  the  biceps  is  not  infrequently  slipped  from  its  groove  and  may  lie  along  the 
posterior  side  of  the  head  of  the  humerus,  or  it  may  be  torn  apart  and  fall  into 
the  joint. 


Fig.  20. — Subcoracoid  Dislocation  of  the  Humerus 
of  Three  Weeks'  Standing.  (After  Ilelferich.)  Note 
the  decided  projection  of  the  acromion  and  the  angle 
made  by  the  outer  contour  of  the  abducted  arm;  the 
axis  of  the  arm  being  directed  toward  the  coracoid 
process  instead  of  toward  the  acromion.  The  length 
of  the  dislocated  arm  appears  to  be  increased. 
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Fracture  of  the  rim  of  the  glenoid  cavity  may  so  lessen  the  support  of  the 
head  of  the  humerus  that  there  will  be  great  difl&culty  in  preventing  the  head 
from  slipping  off.  Such  a  case  would  be  on  the  border  line  between  fracture  of 
the  glenoid  and  dislocation  of  the  humerus  with  fracture  of  the  rim  of  the  glenoid 
as  a  complication. 

Simple  lifting  of  the  head  of  the  bone  upon  the  glenoid  cavity.  (Method  of 
Avicenna.)— When  this  method  is  employed,  the  patient  sits,  letting  the  arm 
hang  by  the  side.  The  operator  fixes  the  scapula  with  one  hand  on  the  acromion 
and  lifts  the  head  of  the  humerus  outward  and  upward,  perhaps  at  the  same  time 


Fig.  21. — Subglenoid  Dislocation  of  the  Humerus.     (After  Lejars.) 


making  moderate  abduction.  If  the  patient  can  relax  his  muscles,  the  disloca- 
tion, in  many  of  the  fresh  cases,  can  be  thus  reduced.  It  is  of  advantage  for  the 
operator  to  stand  behind  the  patient  and  let  the  elbow  of  the  dislocated  arm  rest 
on  his  forearm,  as  in  this  way  he  will  be  able  to  make  the  desired  degree  of 
abduction  without  additional  assistance. 

Traction  laterally. — The  patient  may  sit  or  may  lie  on  a  table,  and  while 
one  assistant  fixes  the  scapula  by  means  of  a  swathe  passed  around  the  chest, 
or  by  a  wide  bandage  with  a  hole  in  it  large  enough  to  pass  the  arm  through, 
another  makes  traction  directly  outward  and  forward.  The  operator  may  mate- 
rially assist  by  pressure  with  fingers  on  the  head  of  the  humerus,  making  coun- 
ter-pressure with  his  thumbs  on  the  olecranon. 

When  it  is  found  that  the  posterior  fibres  of  the  deltoid  make  strong  resistance 
to  reduction,  Riedel  ("  Heilkunde,"  1899)  advises,  in  most  cases  of  forward  dis- 
location of  the  shoulder,  making  strong  traction  toward  the  hip  of  the  sound  side, 
when  a  smart  blow  on  the  hand  will  often  throw  the  head  of  the  bone  into  place. 

In  Simon's  method  the  patient  lies  on  his  side  and  the  arm  is  pulled  laterally 
by  means  of  a  line  passing  over  a  pulley  in  the  ceiling.  The  patient's  whole 
weight  may  thus  be  brought  into  play  as  the  traction  force. 

Stimson  arrives  at  the  same  result  in  a  much  more  comfortable  and  safer 
way,  by  placing  the  patient  on  his  side  on  a  canvas  couch,  his  arm  passed  through 
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a  hole  in  the  canvas  near  one  end,  and  a  weight  of  from  ten  to  twenty  pounds 
being  attached  to  the  hand  or  forearm.  (Fig.  22.)  Of  course  the  cot  should 
be  high  enough  from  the  floor  to  permit  of  the  extension  being  effective.  After 
a  time  the  muscles,  which  may  be  in  a  state  of  spastic  contraction,  will  give  way 
from  sheer  fatigue  and  the  dislocation  be  reduced.    Manipulation  may  be  of  some 

assistance.  This  method  is  per- 
fectly safe,  is  effective,  and  does 
not  inflict  any  injury. 

Traction  vertically.  —  Mothe's 
method  reproduces  approximately 
the  position  of  the  arm  at  the 
moment  of  dislocation.  The  pa- 
tient sits  on  a  chair,  and  the 
operator  makes  forcible  traction 
directly  upward  in  a  direction 
parallel  to  the  side  of  the  head, 
counter-traction  being  suppUed  by 
a  bandage  over  the  shoulder,  or 
by  the  operator's  foot  on  the  acro- 
mion, the  operator  standing  on  a 
high  stool  or  table.  The  same 
manceuvre  may  be  carried  out  with 
the  patient  on  his  back  and  the 
scapula  fixed  by  two  swathes — one 
around  the  body  and  another  over 
the  acromion.  This  method  is  not 
without  danger,  for  laceration  of  the  axillary  vessels  has  resulted  from  too 
great  traction  while  the  vessels  were  stretched  over  the  head  of  the  humerus. 
If  used  at  all,  it  should  be  carried  out  with  great  caution. 

Leverage  w^ith  traction. — Sir  Astley  Cooper's  method. — The  patient  sits  on  a 
chair  and  the  operator,  standing  behind  the  patient  with  foot  on  the  chair  beside 
him,  passes  the  dislocated  arm  over  his  own  flexed  knee,  making  traction  with 
one  hand  and  .pressing  with  the  fingers  of  the  other  on  the  humeral  head.  More 
commonly  the  patient  is  made  to  lie  on  the  floor  and  the  operator's  heel  is  placed 
in  the  axilla  for  a  fulcrum,  while  traction  is  made  on  the  patient's  outstretched 
hand.  This  method  is  also  not  free  from  danger,  for  the  force  which  can  be  thus 
exerted  is  far  greater  than  one  would  suppose  and  may  lacerate  the  vessels  or 
})reak  the  bone.  The  writer  once  had  occasion  to  wire  a  longitudinal  fracture 
of  the  humerus  produced  in  this  manner  in  a  dislocation  which  was  not  more  than 
an  hour  or  two  old.  One  fault  with  the  method  as  thus  applied  is  that  the 
traction  is  made  downward  rather  than  in  the  more  advantageous  direction 
outward  and  forward. 


Fig.  22. 


-Stimson's  Method  of  Reducing  a  Dislo- 
cation of  the  Shoulder. 
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Schinzinger's  method,  by  rotation. — The  arm  is  aclductecl  to  the  side  of  the 
chest,  and  the  forearm,  flexed  to  a  right  angle,  is  used  as  a  lever  to  rotate  the 
humerus  outward  till  the  inner  side  of  the  arm  looks  directly  forward.  In  sub- 
coracoid  dislocations  this  throws  the  greater  tuberosity  upon  the  anterior  edge 
of  the  glenoid.  An  assistant  then  presses  the  head  and  upper  humeral  shaft 
outward  when  the  operator  makes  a  sudden  rotation  inward. 

Kocher's  Method. — Kocher  has  modified  Schinzinger's  method  to  the  extent 
of  raising  the  elbow  forward  after  rotating  it  outward  and  circumducting  the  arm 
till  it  lies  well  across  the  chest,  then  rotating  it  inward.  In  some  cases  it  is  of 
advantage,  instead  of  pushing  upward  on  the  humerus,  to  make  moderate  trac- 
tion in  the  direction  of  the  hip  of  the  sound  side  as  the  arm  is  lifted  over  the  chest. 
(Terry,  San  Francisco.)  The  method  of  Kocher,  which  has  become  one  of  the 
most  popular  methods  of  reducing  forward  dislocations  of  the  head,  of  the  hu- 
merus, is  based  on  the  fact  that  the  coraco-humeral  ligament  is  seldom  ruptured 
and  may  be  utilized  as  a  fulcrum,  in  the  adduction,  to  cause  the  head  of  the  hu- 
merus to  rise  forward  and  outward  well  beyond  the  coracoid  process.  The 
external  rotation,  as  in  Schinzinger's  method,  utilizes  the  point  of  contact  of 
the  greater  tuberosity  with  the  anterior  edge  of  the  glenoid  cavity  as  a  fulcrum 
for  the  elevation  of  the  head  over  the  glenoid  border. 

The  fundamental  disadvantages  of  the  method  by  rotation  are  that  by  the 
outward  rotation  the  subscapular  muscle  and  the  anterior  portion  of  the  capsule 
are  put  greatly  on  the  stretch,  and  that,  in  case  the  head  of  the  bone  is  in  front  of 
the  muscle,  or  the  muscle  is  torn,  the  head  of  the  bone  will  force  portions  of  the 
muscle  into  the  joint.  Furthermore,  the  leverage  is  enormous  and  it  requires 
but  little  force  to  break  off  the  head  of  the  humerus,  as  once  occurred  in  the  hands 
of  the  writer.  After  this  accident  operative  removal  of  the  severed  head  is  indi- 
cated. Kocher  published  28  cases  treated  by  his  method,  with  25  successes,  but 
with  3  fractures!  (Koenig.)  It  is  doubtful  if  the  method  by  rotation  possesses 
any  real  advantages  over  other  and  less  dangerous  methods. 

Traction  in  three  directions. — The  trunk,  together  with  the  scapula,  may 
be  fixed  by  a  wide  swathe  passed  around  the  chest  and  over  the  shoulder,  or  by 
a  stout  piece  of  muslin  with  a  hole  in  it  large  enough  to  permit  the  arm  to  be 
passed  through  and  held  by  one  or  two  assistants;  the  arm  is  pulled  outward 
and  downward  by  two  or  three  assistants,  and,  by  means  of  a  swathe  passed  be- 
neath the  axilla,  traction  may  be  made  upward.  By  such  means  great  force 
can  be  applied  and  will  every  now  and  then  succeed  where  other  methods  fail; 
but,  like  all  methods  where  great  force  is  used,  it  is  dangerous.  The  wTiter  has 
personal  knowledge  of  one  case  in  which  such  traction  caused  fracture  of  the 
neck  of  the  humerus  in  a  case  of  subcoracoid  dislocation  only  two  weeks  old. 

The  methods  of  lateral  traction  by  pulleys  are  open  to  the  same  objections  and 
often  cause  gi'eat  damage  in  spite  of  tlynamometer  and  releasing  forceps.  Jar- 
vis'  adjuster  is  of  historical  interest  in  this  connection.     In  one  case  seen  by  the 
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writer,  in  a  subcoracoid  dislocation  wiiich  had  resisted  other  methods  of  reduction 
and  in  which  open  operation  was  refused,  traction  by  pulleys  failed  to  bring 
about  reduction  and  was  followed  by  paralysis  of  the  arm,  which  had  not  com- 
pletely disappeared  as  long  as  a  year  after  the  attempt  at  reduction.  Tlie 
joint  was  finally  resected. 

Complications. — Fracture  of  the  surgical  neck  of  the  humerus  with  concom- 
itant dislocation  is  a  rare  injury,  but  occasionally  occurs.  (Fig.  23.)  Perhaps  more 

frequently  the  fracture  is  the 
result  of  an  injudicious  use  of 
force  in  the  attcmjit  to  reduce 
the  dislocation.  In  recent 
cases  it  is  sometimes  possible 
to  reduce  the  dislocation  by 
relaxing  the  muscles  and  lift- 
ing the  head  of  the  bone  upon 
the  glenoid  cavity  by  means 
of  the  finger  in  the  axilla. 
More  often,  however,  open  op- 
eration is  required.  In  the 
procedure  of  McBurney  the 
fragment  is  first  exposed,  and 
then  a  hole  is  drilled  in  what- 
ever remnant  of  the  shaft  there 
may  be  on  the  upper  fragment, 
and  a  hook  or  a  stout  wire  is 
passed  through  it.  This  wire 
twisted  into  a  loop  permits, 
like  the  hook,  forcible  traction 
to  be  made.  After  reduction,  which  is  thus  quite  readily  accomplished, 
the  wire  may  be.  threaded  through  a  corresponding  hole  in  the  upper  portion 
of  the  lower  fragment  for  the  purpose  of  fastening  the  two  ends  together. 
With  a  proper  aseptic  technique  this  procedure  is  preferable  to  waiting  for  the 
fracture  to  heal  and  then  attempting  to  reduce  the  dislocation  by  the  ordinary 
methods. 

Injuries  to  the  brachial  plexus  or  its  branches  are  not  uncommon  as  com- 
plications of  dislocations  of  the  shoulder.  The  circumflex  nerve  is  particularly 
liable  to  injury,  and  as  a  result  there  is  apt  to  be  more  or  less  permanent  paral- 
ysis of  the  deltoid  muscle.  The  paralysis  may  not  be  noticed  for  some  weeks— 
that  is,  during  the  time  when  the  arm  is  fixed  in  the  dressing  and  for  some 
time  afterward.  If  discovered  thus  late  it  is  apt  to  be  referred  by  the  patient 
to  the  bandage  rather  than  to  the  dislocation,  and  great  injustice  may  thereby 
be  done  the  surgeon.    It  should  not  be  forgotten  that  even  momentary  pressure 


Fig.  23. — Subcoracoid  Dislocation  of  tiie  Humerus  with 
Fracture  of  the  Greater  Tuberosity.  (Roentgen  Depart- 
ment of  Lane  Hospital,  San  Francisco.) 
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on  such  a  nerve  as  the  circumflex  may  give  rise  to  degeneration  and  pernianent 
paralysis. 

Injuries  to  the  blood-vessels  occur  so  much  more  frequently  in  efforts  at 
reduction  of  old  dislocations  that  it  has  seemed  convenient  to  discuss  them 
under  that  heading. 

Dislocations  Backward. — In  the  so-called  subacromial  or  subspinous  dislo- 
cation, the  head  of  the  humerus,  lying  posteriorly  beneath  the  acromion,  manifests 
its  presence  by  a  prominent  rounded  swelling  in  this  situation.  In  front,  the 
normal  rotundity  of  the  shoulder  is  lost,  and  both  the  acromion  and  the  coracoid 
stand  out  sharply.  Palpation  further  shows  the  presence  of  a  hollow  in  the 
usual  position  of  the  head  of  the  humerus,  and  in  some  cases  the  glenoid  cavity 
can  be  felt.  The  arm  is  for  the  most 
part  slightly  shortened  and  is  not  easily 
approximated  to  the  side. 

Reduction  is  readily  effected  by 
elevation  of  the  arm,  traction  for- 
ward, and  direct  pressure  on  the  head 
of  the  bone  from  behind.  The  pos- 
terior edge  of  the  glenoid  cavity  does 
not  present  so  sharp  a  projection  as  the 
anterior,  and  hence,  other  things  being 
equal,  less  force  is  requiretl  to  lift  the 
head  of  the  bone  out  of  the  posterior 
fossa.  Rotation  Inward  possesses  the 
same  value  in  the  reduction  of  back- 
ward dislocations  as  rotation  outward 
does  in  the  reduction  of  forward  dislo- 
cations. A  greater  tendency  to 
recurrence  than  in  forward  dis- 
locations has,  however,  been 
observed. 

Old  Unreduced  Disloca- 
tions. —  Dislocations  of  the 
shoulder  may,  in  certain  rare 
cases,  be  practically  irreducible 
from  the  very  beginning  because 
of  complications  elsewhere  indi- 
cated, but  reducible  cases  as  a 
rule  become  more  and  more  difficult  of  reduction  as  time  goes  on.  However,  in  in- 
dividual cases  reduction  has  been  effected  after  many  months  and  even  after  years. 

In  a  considerable  proportion  of  cases  of  unreduced  dislocations  of  the  shoulder 
function  is  gradually  restored  to  a  considerable  degree,  even  in  some  cases  a  new 


Fig.  24. — Bony  Specimen  of  an  Old  Subcoracoid  Dis- 
location, Showing  the  Formation  of  a  New  Glenoid  Cavity 
and  the  Wearing  Away  of  the  Head  of  the  Humerus. 
(After  Helferich.)  In  a  the  bones  are  placet!  in  their 
natural  relations;  in  b  they  are  separated. 
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joint  forming  about  the  head  of  the  humerus.  (Fig.  24.)  Still,  while  such  a  joint 
may  be  useful,  the  range  of  mobility  is  always  limited,  and  every  now  and  then 
a  patient  will  present  himself  for  relief.  Then,  again,  there  may  be  almost  no 
motion  or  the  region  may  be  painful. 

Since,  as  stated  above,  dislocations  of  even  long  standing  have  been  reduced, 
it  is  right  to  make  the  attempt  in  a  given  case,  preferably  after  a  Roentgen  picture 
has  been  taken.  The  various  methods  mentioned  above  may  be  tried  under 
anaesthesia  and  after  thorough  breaking  up  of  adhesions  and  stretching  of  con- 
tracted muscles,  particularly  the  subscapularis.  With  modern  aseptic  technique, 
however,  open  incision  has  displaced  the  use  of  such  great  force  as  was  formerly 
often  employed. 

Doellinger  (Zeif.  /.  Chir.,  1903)  reported  19  old  subcoracoid  dislocations 
treated  by  him  in  the  previous  five  years.  In  one  there  had  been  concomitant 
fracture  of  the  neck  of  the  humerus,  but  the  callus  of  three  months  was  considered 
too  weak  for  the  use  of  ordinary  methods  of  reduction;  hence  he  opened  the  joint 
and  found  reduction  easy  by  means  of  rotation  outward.  In  two  cases  the 
humerus  was  fractured  in  efforts  at  reduction  and  the  luxation  remained.  In 
10  cases  he  performed  an  open  operation;  in  one  with  fracture  of  the  surgical 
neck  he  performed  resection ;  in  another  a  fractured  greater  tuberosity  lay  in  the 
glenoid  cavity,  after  the  removal  of  which  reduction  was  effected  without  diffi- 
culty ;  in  7  cases  simple  section  of  the  subscapsular  muscle  permitted  reduction 
by  Kocher's  method.  Doellinger  is  firmly  of  the  opinion  that  shortening  of  the 
subscapular  muscle  is  the  real  obstacle  to  reduction  in  many  cases  and  that  this 
muscle  must  be  cut  or  torn  across  in  order  to  make  reduction  possible. 

The  relative  values  of  reduction  by  open  operation  and  resection  of  the  head  of 
the  humerus  have  not  yet  been  satisfactorily  established.  The  functional  results 
of  resection  are  so  good  that  many  operators  have  been  led  to  prefer  it  to  operative 
reduction.  In  old  dislocations,  successful  reduction  does  not  guarantee  useful 
function.  Muscles  are  contractured,  various  structures  are  adherent,  cicatrices 
more  or  less  firm  interfere  with  the  movement,  and  organized  exudates  with- 
out or  within  the  joint  may  be  slow  to  undergo  absorption.  With  these  things 
in  view  it  is  evident  that  operative  reduction  is  chiefly  applicable  to  recent  dis- 
locations which  are  otherwise  irreducible.  Smitel,  quoted  by  Koenig,  collected 
15  cases  of  reduction  by  open  operation,  in  5  of  which  resection  was  afterward  done 
and  5  were  reported  as  improved,  3  unimproved,  and  2  dead.  On  the  other  hand, 
of  32  old  dislocations  in  which  resection  had  been  performed,  there  were  20  in 
which  good  functional  results  were  secured. 

Injuries  of  blood-vessels  in  connection  with  dislocations  of  the  shoulder  are 
not  very  uncommon.  Nemenoff  (Inaug.  Diss.,  Berl.,  1905)  collected  65  cases 
from  the  literature,  mostly  injuries  of  the  axillary  artery,  or  of  one  of  its  larger 
branches,  or  the  tearing  across  or  pulling  out  of  large  branches.  In  8  cases  the 
axillary  vein  was  torn,  in  2  both  artery  and  vein,  and  in  1  case  (Malgaigne)  the 
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vessel,  which  had  given  rise  to  an  immense  ha?matoma,  could  not  be  found. 
Probably,  in  this  case,  a  large  number  of  minute  vessels  were  ruptiu-ed.  In  15 
cases  (one-fourth)  the  injury  of  the  vessels  occurred  in  fresh  dislocations,  the 
remainder  in  old.  Of  the  65  cases  31  were  in  patients  over  50  years  of  age,  0 
over  40,  14  under  40,  and  in  14  the  age  was  not  reporteti.  In  11  cases  the  artery 
was  hgated,  in  1  the  vein.  Of  these  12  patients  operated  on,  6  died  and  6 
lived  (2  with  loss  of  function) ;  2  lost  the  whole  arm  and  1  the  forearm.  In  all, 
4  amputations  were  performed.  The  increase  in  the  frequency  of  the  injuries 
of  the  blood-vessels  was  fairly  proportionate  to  the  length  of  time  the  disloca- 
tion had  existed  before  the  attempt  at  reduction  was  made.  In  a  very  small 
proportion  of  the  cases  was  the  injury  of  the  vessels  primarj%  i.e.,  due  to  the 
dislocation  itself. 

Habitual  Dislocation. — Habitual  dislocation  occurs  far  more  frecjuently 
in  the  shoulder  than  in  any  other  joint  of  the  body  and  has  been  the  field  of 
much  ingenious  operative  work.  Everj-  time  the  joint  is  dislocated  from  any 
cause,  the  tendenc}'  to  dislocation  is  definiteh'  increased.  Epileptics  not  in- 
frequently suffer  from  habitual  dislocation  of  the  shoulder. 

The  patient  with  habitual  dislocation  is  obliged  to  keep  the  fact  constantly  on 
his  mind  lest  he  make  some  movement  which  ^\-ill  throw  his  shoulder  out.  In  a  case 
within  the  knowledge  of  the  wTiter  the  shoulder  becomes  dislocated  whenever  the 
arm  is  raised,  and  the  patient,  an  athletic  man,  fond  of  swimming  and  out-of- 
door  sports,  is  obliged  to  strap  his  arm  to  his  side  whenever  he  essays  s\iimming 
or  boating. 

Anatomically  there  are  various  causes  for  habitual  dislocation — simple 
laxity  of  the  capsule  from  ovei'stretching,  tearing  off  of  the  capsule  from  a  part 
of  its  humeral  or  its  glenoid  insertion,  the  stretching  of  a  large  scar  in  the  side 
of  the  capsule,  fracture  of  the  edge  of  the  glenoid  cavity,  particularly  anteriorly, 
tearing  off  of  the  glenoid  ligament,  fracture  of  one  or  other  of  the  tuberosities, 
tearing  off  of  one  or  other  of  the  muscles  supporting  the  joint,  particularly  the 
supraspinatus  and  the  infraspinatus,  paralysis  of  these  muscles,  etc. 

Resection  of  the  head  of  the  humerus  has  been  proposed  as  a  cure,  on  the 
ground  that  the  head,  not  being  present,  carmot  be  dislocated  (Koenig) ;  but  it  is 
a  radical  procedure  which  ^\-iIl  seldom  be  agreed  to  by  patients.  Nevertheless, 
the  functional  results  are  satisfactory-.  A  case  has  recently  been  reported  by 
Warren  (Bost.  M.  and  S.  J.,  1903)  with  satisfactory  functional  result  following 
resection.  Many  operations  have  been  devised  for  taking  up  the  slack  of  the  cap- 
sule: excision  of  portions  of  it.  "reefing,"  etc,  Ivrumm  (Miinch.  med.  Woch., 
1899 )  reported  a  case  in  which  he  had  operated  for  a  dislocation  that  had  re- 
curred thirty-seven  times.  He  opened  the  sheath  of  the  biceps  tendon,  dislo- 
cated the  tendon  outward,  dissected  the  capsule  free  above  and  in  front,  and 
folded  it,  taking  a  reef  in  it  with  catgut.  A  year  afterward  there  had  been  no 
recurrence. 
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In  poliomyelitis  arthrodesis  has  been  advised,  but  the  choice  of  operation 
should  be  determined  by  the  pecuharities  of  each  particular  case.  In  epileptics 
resection  will  probably  be  the  most  satisfactory  procedure. 

In  a  notable  article  on  habitual  dislocation  (with  full  bibliography)  in  the 
Bergmann  "  Festschriit "  {Deut.  Ztschr.  /.  Chir.,  Dec,  1906)  Perthes  reports  four 
cases  operated  on  by  him  in  which  he  sought  to  restore  the  normal  relations  of  the 
torn  structures.  He  follows  Hildebrandt,  who  first  re-attached  the  capsule  to 
its  proper  insertion.  Perthes  chose  his  incision  along  the  anterior  border  of  the 
deltoid,  or  he  employed  the  posterior  incision  of  Kocher  for  resection,  according 
as  the  suspected  trouble  was  in  front  or  behind,  and  he  lifted  off  whatever  muscles 
interfered  with  his  reaching  the  region  desired.  In  the  first  case  he  made  an 
incision  from  the  coracoid  to  and  around  the  insertion  of  the  deltoid,  cutting 
across  the  lower  end  of  that  muscle,  lifted  it  bodily  off  the  humerus,  and  turned 
it  backward,  taking  care  not  to  injure  the  circumflex  nerve.  He  then  was 
able  to  attach  the  torn  off  insertions  of  the  supra-  and  infraspinatus  by  means 
of  a  staple  driven  into  the  greater  tuberosity.  In  the  second  case  he  ex- 
posed the  same  region  by  Kocher's  posterior  incision,  chiselled  off  the  acromion 
and  part  of  the  spine  of  the  scapula,  fastened  the  infraspinatus,  and  took  a  reef 
in  the  capsule  with  silk  sutures.  In  the  third  case  he  cut  across  the  outer 
part  of  the  greater  pectoral  muscle,  made  a  temporary  resection  of  the  coracoid 
to  get  the  biceps  and  coraco-brachialis  out  of  the  way,  and  re-attached  the  torn-off 
edge  of  the  glenoid  cavity.  In  the  fourth  case  he  reefed  the  anterior  portion  of 
the  capsule  with  sublimate  silk  sutures.  All  four  cases  had  been  operated  on 
more  than  a  year  before  being  reported  and  none  had  had  recurrence  of  the 
dislocation  in  that  time,  although  two  of  them  were  in  epileptics  having  frequent 
seizures.  After  operation  passive  motion  was  begun  at  the  end  of  from  two 
to  three  weeks. 

Dislocations  of  the  Elbow. — The  trochlear  surface  of  the  humerus,  at  least  in 
its  centre,  comprises  almost  a  complete  semicircle  on  which  the  sigmoid  surface 
of  the  ulna  makes  an  arc  of  about  one  hundred  and  eighty  degrees,  thereby  per- 
mitting extension  and  flexion  movements  of  about  one  hundred  and  fifty  degrees, 
the  head  of  the  radius  following  on  the  eminentia  capitata  the  movements  of  the 
ulna.  Extension  is  limited  by  contact  of  the  olecranon  with  the  humerus  in 
the  olecranon  fossa  and  by  the  tension  of  the  anterior  ligaments,  especially  the 
strong  band  leading  from  the  internal  condyle  to  the  coronoid  process  and  the 
strong  anterior  portions  of  the  internal  lateral  ligaments  and  the  flexor  muscles, 
while  flexion  is  limited  by  contact  of  the  anterior  muscles  of  the  forearm  and 
humerus  with  the  latter  bone  and  by  tension  of  the  posterior  ligaments  and  the 
triceps  muscle.  The  anterior  ligaments  are  much  thicker  and  stronger  than  the 
posterior. 

In  children,  from  incomplete  development  of  the  olecranon  and  the  coronoid 
process,  the  arc  covered  by  the  sigmoid  surface  of  the  ulna  is  less  than  in  the 
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adult,  by  reason  of  which  mobility  is  greater  and  stabihty  correspondingly  less. 
The  internal  condyle  is  little  developed  in  the  child,  the  earr\nng  angle  is  less,  and 
the  trochlea  is  more  nearly  cylindrical,  i.e.,  its  groove  is  shallower.  Furthermore, 
in  children  the  olecranon  anil  the  coronoid,  being  largely  cartilaginous,  yield  to 
bentling  and  compressing  forces  more  than  do  the  more  rigid  bones  of  the  adult 
elbow,  permitting  more  lateral  flexion.  It  is  for  these  reasons  that  the  same 
violence  which  in  the  adult  produces  dislocation  of  the  shoulder,  in  the  child 
produces  dislocation  of  the  elbow.  In  many  young  people,  more  particularly 
girls,  the  forearm  may  be  extended  to  several  degrees  beyond  the  straight 
position  (dorsal  flexion). 

The  head  of  the  radius  is  held  in  contact  with  the  semilunar  fossa  of  the 
ulna  by  the  stout  orbicular  ligament  which  is  attached  to  the  ulna  at  each  ex- 
tremity of  the  semilunar  fossa,  but  is  also  continuous  above  with  the  anterior 
capsule  of  the  joint. 

Dislocations  of  the  elbow  are  caused  by  exaggerations  of  the  normal  move- 
ments of  the  joint,  by  forced  flexions  and  rotations  in  various  abnormal  directions, 
and  by  thrust  directly  applied  to  the  bones  near  the  joint  or  transmitted  through 
the  forearm.  Clinically,  by  far  the  largest  number  of  dislocations  of  the  elbow 
are  the  result  of  falls  forward  on  the  outstretched  hand.  Of  great  importance  in 
this  regard  is  the  fact  that  thrust  is  transmitted  from  the  hand  to  the  humerus 
chiefly  by  means  of  the  radius.  9  fact  which  more  than  any  other  explains  the 
production  of  isoratetl  dislocations  of  that  bone.  The  direction  of  such  thrust 
changes  very  considerably  with  change  of  position  of  the  radius  in  pronation  and 
supination.  The  ulna  does  not  come  into  play  in  transmitting  thrust  till  the 
radiuo  has  either  left  the  articular  surface  of  the  humerus  or  is  broken  somewhere 
in  its  length,  and  then  the  head  of  the  ulna  is  so  small  that  it  will  pass  through  the 
soft  tissues  below  it  before  it  \nll  transmit  enough  force  to  dislodge  the  broad 
contact  of  the  sigmoid  surface  from  the  trochlea. 

Of  importance,  as  an  aid  in  diagnosis  of  both  fractures  and  dislocations,  is 
the  fact  that  the  internal  and  external  epicondyles,  as  well  as  the  olecranon,  are 
nearly  always  to  be  felt  beneath  the  skin.  Only  in  cases  of  great  swelling  are 
they  obscured  and  even  here  they  can  be  made  out  in  most  cases  after  continuous 
pressure  is  made  by  the  fingers  for  a  short  time,  by  which  procedure  the  oede- 
matous  fluid  is  forced  out  of  the  particular  regions.  Normally,  ^vith  the  arm  in 
extension  these  three  points  are  in  a  plane  transverse  to  the  shaft  of  the  humerus, 
while  v.ith  the  forearm  flexed  to  a  right  angle  this  plane  has  also  rotated  through 
a  right  angle  and  lies  nearly  vertically. 

Of  importance  also  is  the  so-called  "carrying  angle,"  the  angle  of  the  physi- 
ological alxluction  due  to  the  inclination  .of  the  axis  of  the  trochlea  to  the  shaft 
of  the  humerus  in  the  lateral  plane.  This  angle  varies  greatly  in  individuals, 
corresponding  largely  to  the  width  of  the  hips.  It  is  thus  less  in  children  than  in 
adults  and  is  less  in  boys  than  in  girls.     In  fact,  in  some  boys  it  is  absent  alto- 
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gether.     In   case  of  injury  of  the  elbow  comparison  with  the  sound  arm  is  of 
great  diagnostic  value  and  shoukl  always  be  made. 

Just  below  the  centre  of  the  sigmoid  fossa  the  cartilage  is  interrupted 
by  a  transverse  sulcus  which  marks  the  point  of  fusion  of  the  olecranon 
with  the  shaft  of  the  ulna  and  in  young  children  is  the  site  of  the  epiphyseal 
cartilage — a  point  of  weakness  where  fracture  of  the  olecranon  most  frequently 
occurs. 

About  one-fifth  of  all  dislocations  are  of  the  elbow,  which  therefore  is  easily 
second  to  the  shoulder  in  the  frequency  of  this  accident.  Dislocations  of  the 
elbow  are  divided  into  two  groups:  first,  dislocations  of  both  bones,  and,  second, 
dislocation  of  one  or  other  of  the  bones  of  the  forearm  singly.  Dislocations  of 
both  are  further  divided  into  forward,  backward,  outward,  inward,  and  diver- 
gent (ulna  backward  and  radius 
forward).  Similarly,  dislocation 
of  single  bones  may  be  of  the  ulna 
backward  or  of  the  radius  for- 
ward, outward,  or  backward. 

In  222  cases  in  St.  Thomas's 
Hospital  (Makins)  109  were  back- 
ward, 52  backward  and  outward, 
18  outward,  G  backward  and  in- 
ward, divergent  G,  forward  1, 
double  1. 

Dislocations  of  Both  Bones 
Backward. — As  a  rule,  posterior 
dislocation  of  both  bones  back- 
ward is  produced  by  a  fall  forward 
on  the  outstretched  hand,  but  it 
may  result  from  a  thrust  back- 
ward when  the  forearm  is  partly 
flexed,  as  happens  from  a  sharp 
fall  on  the  keel  of  the  ulna  or  from 
a  blow  on  the  back  of  the  lower 
end  of  the  humerus.  Malgaigne 
thought  that  rotation,  especially 
external,  such  as  would  be  produced  by  a  fall  on  the  inner  edge  of  the  olecra- 
non, might  produce  a  dislocation  backward.     (Figs.  25  and  26). 

A  case  of  compound  posterior  dislocation  of  both  bones,  which  came  under 
the  care  of  the  writer  for  ankylosis,  the  result  of  infection,  and  in  which  resection 
gave  an  excellent  functional  result,  was  caused  in  a  wrestling  bout  by  a  sudden 
giving  way  of  the  anterior  ligaments  while  the  arm  in  complete  extension  was 
supporting  most  of  the  weight  of  the  patient  and  his  opponent.    The  lower  end 


Fig.  25. — Dislocation  of  Both  Bones  of  the  i'oivarm 
Backward,  with  a  Fragment  of  the  Coronoid  Process  in 
Front,  and  a  Small  Fragment  within  the  Joint  Behind. 
(Roentgen  Department  of  Lane  Hospital,  San  Francisco.) 
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of  the  humerus  protruded  through  the  skin,  lacerating  the  brachial  artery  and 
tearing  off  the  insertion  of  the  brachiaUs  anticus  muscle. 

If  the  coronoid  process  remains  on  the  trochlear  surface  of  the  humerus  the 
dislocation  is  said   to  be  incomplete;  if  it   Hes  in  the  olecranon  fossa  of  that 

bone  it  is  said  to  be  complete. 
I^i.t  Sl'l!i^tJi\^,  ^.L 1  ,  In  this  latter  event  the  appear- 

ance of  the  arm  is  character- 
istic, especially  before  swelling 
has  supervened:  the  olecranon 
is  prominent  behind  and  is 
situated  3  or  4  cm.  (1^  or  if 
in.)  above  and  posterior  to  its 
normal  position;  the  triceps 
region  is  concave  from  the 
olecranon  upward;  the  fore- 
arm is  limited  in  extension  and 
cannot  be  flexed  to  an  angle  of 
more  than  one  hundred  and 
twenty  degrees  with  the  hu- 
merus without  the  use  of  con- 
siderable force,  perhaps  enough 
to  lacerate  the  posterior  por- 
tions of  the  lateral  ligaments; 
the  joint  is  thicker  antero- 
posteriorly  than  normally.  By 
palpation  the  relatively  high 
position  of  the  olecranon  is 
further  made  out,  and  the  tri- 
ceps may  be  pinched  up  and 
the  hollow  beneath  it  demon- 
strated; the  sigmoid  fossa  of 
the  ulna  may  also  be  felt  in  many  cases;  and,  besides,  the  upper  end  of  the 
radius  is  noted  and  the  fact  of  its  rotation  is  easily  determined  on  making  a 
similar  movement  of  the  forearm. 

In  backward  dislocation  the  change  is  seldom  purely  a  displacement  backward; 
the  bones  of  the  forearm  may  be  driven  more  or  less  outward  or  even  inward,  de- 
pending on  just  what  portions  of  the  ligamentous  apparatus  are  torn.  Further- 
more, the  broad  contact  of  sigmoid  and  trochlea  being  lost  and  the  ligaments 
being  torn,  lateral  flexion  movements  of  considerable  degree  are  possible,  and 
in  fact  the  ulna  would  seem  to  be  pivotetl  on  the  coronoid  process  in  the  olecra- 
non fossa,  owing  to  which  condition,  because  of  the  weight  of  the  forearm,  inter- 
nal rotation  of  the  latter  with  reference  to  the  humerus  may  take  place,  some- 


FiG.  26. — Dislocation  of  the  Forearm  Backward.  (After 
Helferich.)  a,  F.xtemal  appearance  of  tlie  dislocated  fore- 
arm as  seen  in  the  living  subject,  the  elbow  being  flexed  to 
an  obtuse  angle,  the  olecranon  projecting  abnormally,  and 
the  rounded  head  of  the  radius  b»^ing  seen  just  beneath 
the  skin;  h,  dissection  of  a  dislocation  artificially  produced. 
Of  particular  interest  in  this  picture  is  the  condition  of 
the  annular  and  external  lateral  ligaments. 
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what  as  occurs,  though  more  freely,  in  supracondyloid  fracture  of  the  humerus 
and  is  there  the  chief  factor  in  the  production  of  the  so-called  "gun-stock" 
deformity. 

In  some  cases  of  dislocation  of  both  bones  backward  the  anterior  ligaments 
are  ruptured  above  the  orbicular  ligament,  but  perhaps  more  often  the  orbicular 
ligament  is  torn  from  its  attachment  to  the  ulna  at  one  or  both  ends.  It  may 
then  fall  into  the  joint  and  interfere  with  reduction. 

It  is  not  uncommon  to  have  more  or  less  of  the  coronoid  process  broken  off 
by  the  violence  of  the  thrust  and  the  traction  of  tissues  connected  with  the 
process.  The  fragment  may  be  pulled  quite  a  long  distance  upward  by  fibres 
of  the  brachialis  anticus  muscle  when  it  is  torn  from  its  insertion.  In  some 
cases  the  fragment  is  a  large  one,  in  others  it  is  scarcely  to  be  made  out  in  the 
Roentgen  picture;  but  the  fact  that  numbers  of  bone  cells  are  carried  upward 
is  later  made  evident  by  the  circumstance  that,  after  reduction  has  been  ac- 
complished, an  obstacle  to  flexion  of  the  limb  still  persists, — an  obstacle  which 
has  doubtless  been  created  by  the  growth  of  these  displaced  bone  cells. 

Swelling  and  effusion  of  blood  and  later  organization  of  the  same,  with 
development  of  new  bone  beneath  stripped-up  periosteum,  may  so  obscure  the 
findings  on  physical  examination  that  the  diagnosis  becomes  extremely  dif- 
ficult. The  Roentgen  picture  is  here  most  valuable,  not  only  because  it  may 
determine  the  presence  of  a  complicating  fracture,  but  also  because  it  may 
locate  the  fragments  and  fix  their  size,  and  may  show  the  amount  of  new  bone 
thrown  out  and  its  precise  position; — in  brief,  it  renders  it  possible  to  arrive 
at  a  correct  decision  as  to  reducibility. 

In  che  absence  of  a  Roentgen  picture,  in  all  but  the  simplest  and  most  evi- 
dent cases,  an  opinion  should  be  reserved  until  an  examination  can  be  made 
under  full  anaesthesia. 

Prognosis. — In  nearly  all  backward  dislocations  reduction  is  easily  made 
while  the  injury  is  yet  recent,  the  exceptions  being  in  case  of  some  complicat- 
ing fracture,  especially  a  transverse  or  T-fracture  of  the  lower  end  of  the  hume- 
rus, or  a  fracture  of  the  external  condyle,  as  well  as  in  case  of  some  peculiar 
form  of  laceration  of  the  ligaments  by  which  a  large  portion  of  the  capsule 
may  be  interposed  between  the  bones.  Difficulty  of  reduction  increases  very 
rapidly,  however,  with  time,  so  that  at  the  end  of  two  or  three  weeks  but  few 
complete  dislocations  of  the  elbow  can  be  reduced,  and  these  with  great  dif- 
ficulty. Here  the  principal  hinderance  to  reduction  is  the  deposit  of  new  bone 
beneath  the  stripped-up  periosteum  of  the  dorsum  of  the  humerus.  The  cases 
reported  where  a  dislocation  of  several  months'  duration  has  been  successfully 
reduced  are  very  exceptional  and  doubtless  were  simple  cases  with  a  minimum 
of  damage  done  and  the  periosteum  left  practically  intact. 

In  compound  dislocation  of  the  elbow  the  prognosis  is  not  so  unfavorable 
as  might  be  supposed;  with  proper  cleansing  of  the  joint  and  reduction,  to 
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which  end  the  opening  may  require  to  be  enlarged,  followed  by  drainage,  a 
movable  joint  will  be  secured  in  a  considerable  proportion  of  cases.  Wounded 
vessels  should  be  ligated  and  di^'ided  nerves  sutured.  In  case  of  failure  of 
union  of  nerves,  due  to  suppuration  or  other  cause,  secondary  suture  will  often 
give  nearly  complete  restoration  of  function. 

In  case  of  suppuration  the  joint  should  be  widely  opened  without  delay, 
efficiently  drained,  properly  placed,  and  retained  in  a  fixed  position. 

Treatment. — ^Moderate  traction  of  the  pre\iously  flexed  forearm,  with  direct 
pressure  on  the  olecranon,  will  reduce  many  recent  dislocations;  otherwise  the 
method  of  Roser,  which  has  practically  superseded  aU  other  methods,  should 
be  used,  preferably  under  complete  aniesthesia.  In  Roser's  method,  the  patient 
lying  on  his  back,  the  humerus  is  fixed,  preferably  at  the  edge  of  the  table. 
Tlie  operator  then  forcibly  hyperextends  the  elbow  to  free  the  imfractured 
coronoid  process  from  the  olecranon  fossa,  and,  without  flexion,  makes  longi- 
tudinal traction  on  the  forearm,  with  the  view  of  drawing  the  coronoid  process 
down  over  the  trochlea.  Then,  continuing  the  traction,  he  flexes  the  forearm, 
when  the  coronoid  glides  into  place  and  reduction  is  accomphshed.  There  are 
two  words  of  caution  here  necessary,  however.  In  making  hyperextension 
considerable  force  may  be  required,  but  it  should  be  under  perfect  control; 
else,  from  the  gi\ing  w^ay  of  some  untorn  portion  of  ligament,  the  resistance 
may  suddenly  be  relieved  and  excessive  hj-perextension  result,  jeopardizing  the 
vessels  in  front  of  the  elbow.  Secondly,  flexion  should  not  be  made  until  the 
coronoid  is  well  down,  else  it  will  impinge  on  the  troclilear  surface  and  impair 
the  cartilages  and  perhaps  the  cancellous  bone  of  the  lower  end  of  the  humerus. 
If  it  be  found  difficult  to  reduce  the  head  of  the  radius,  much  can  be  gained  by 
direct  longitudinal  pressure  on  its  upper  end  and  by  lateral  flexion  inward 
(adduction);  rotation  of  the  forearm  inward,  with  pronation,  may  materially 
assist. 

The  method  of  flexion  about  a  pillar  or  about  the  knee  or  the  forearm  of 
the  oj^erator  is  far  older  than  the  method  by  extension,  but  is  inferior  to  it. 
Doubtless  Cooper's  method  is  the  best  of  the  methods  by  flexion.  The  patient 
sits  while  the  operator  stands  in  front  with  liis  foot  on  the  chair  beside  him. 
Grasping  the  arm  with  one  hand  and  the  wrist  with  the  other,  the  operator 
makes  strong  traction,  bending  the  elbow  around  his  knee.  Of  course  a 
limited  degree  of  extension  is  exercised  by  this  plan. 

The  arm  should  be  put  up  at  right  angles  or  in  still  greater  flexion  in  case 
of  fracture  of  the  coronoid  process,  to  avoid  recurrence  of  the  dislocation  and 
to  favor  approximation  of  the  fragment. 

Lateral  Dislocations. — Dislocations  of  both  bones  of  the  forearm  later- 
ally are  rare  except  in  children,  where  they  may  be  mistaken  for  fractures.  Dis- 
location outward  is  much  more  common  than  inward  probably  because  of  the 
high  ridge  of  the  inner  edge  of  the  trochlea  and  the  greater  length  of  the  inter- 
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nal  condyle,  and  also  perhaps  because  the  direction  of  the  violence  mihtates 
against  internal  displacement. 

The  mechanism  of  the  production  of  lateral  dislocation  of  the  elbow  is  not 
definitely  known,  but  it  would  appear  that  it  may  be  caused  in  a  variety  of  ways: 
by  direct  violence,  as  by  falls  on  the  partially  flexed  elbow  producing  rotation; 
as  the  result  of  the  complicated  movements  that  occur  in  machinery  accidents; 
and  also  as  the  result  of  indirect  violence,  as  in  falls  on  the  outstretched  hands. 
Some  have  thought  that  lateral  dislocation  more  generally  occurs  as  a  result  of 
hyperextension,  as  does  backward  dislocation,  the  lateral  displacement  being  de- 
rived from  the  backward  as  a  secondary  position  by  means  of  lateral  flexion;  or 
else  that  it  is  produced  by  lateral  flexion  or  rotation  occurring  at  the  moment 
of  dislocation.  Adduction  and  abduction,  with  the  limb  in  partial  flexion 
while  the  humerus  is  fixed,  probably  account  for  some  cases,  the  former  produc- 
ing outward  dislocation,  the  latter  inward. 

In  the  somewhat  rare  cases  of  complete  lateral  dislocation  outward,  the 
deformity  produced  by  the  projection,  immediately  beneath  the  skin,  of  the 
lower  end  of  the  humerus,  and  the  prominence  of  the  upper  ends  of  the  radius 
and  ulna  on  the  side  of  the  humerus,  make  the  diagnosis  evident. 

Much  more  commonly  the  dislocation  is  incomplete,  the  greater  sigmoid 
cavity  of  the  ulna  resting  on  the  capitellum.  The  elbow  is  wider  than  nor- 
mally and  the  forearm  is  held  in  pronation  or  supination  according  to  the  posi- 
tion of  the  head  of  the  radius.  This  latter  is  generally  prominent  beneath  the 
skin,  but  may  be  obscured  by  swelling.  The  internal  epicondyle  is  sharply 
prominent  unless  broken  off,  when  it  may  fall  into  the  joint  and  interfere  with 
reduction.  The  ulnar  nerve  may  be  injured,  and  perhaps  the  posterior  inter- 
osseous nerve  also.  Backward  and  outward  dislocation  is  rather  to  be  con- 
sidered a  variety  of  the  backward  than  of  the  outward. 

Inward  Dislocations. — Complete  inward  dislocation  of  both  bones  does 
not  occur.  In  partial  dislocations  the  greater  sigmoid  cavity  of  the  ulna  rests 
on  the  internal  condyle,  obscuring  it.  The  external  condyle  is  prominent,  and 
the  head  of  the  radius  is  missing  from  in  front  of  it  and  will  be  found  resting  on 
the  trochlea.  Because  of  the  difference  in  level  of  the  trochlea  and  the  internal 
condyle  there  are  apt  to  be  more  or  less  adduction  at  the  elbow  and  internal 
rotation.     The  forearm  is  pronated. 

Divergent  Dislocation. — Divergent  dislocations  are  very  rare  (16  cases 
recorded,  14  antero-posterior  and  2  lateral,  Stimson).  The  pathology  and  symp- 
toms are  little  different  from  the  combined  pathology  and  symptoms  of  isolated 
dislocations  of  the  two  bones.  The  internal  lateral  Ugament  is  torn,  the  interos- 
seous membrane  is  more  or  less  torn,  and  the  orbicular  ligament  is  torn  or  loosened 
from  one  or  both  of  its  ulnar  attachments.  The  humerus  is  driven  between 
the  two  lx)nes,  the  elbow  is  markedly  flexed,  and  the  forearm  is  rotated  inward. 

Dislocation  of  the  ulna  backward  and  of  the  radius  forward  can  only  be  the 
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result  of  great  violence  that  tears  the  ligaments  widely,  especially  the  orbicular 
ligament,  and  permits  the  radius  to  leave  the  ulna.  The  forearm  is  held  rigidly 
in  a  somewhat  extended  position  midway  between  pronation  and  supination. 
There  is  adduction  or  rather  rotation  inward. 

Treatment. — In  general  an  attempt  should  be  made  to  reproduce,  or  rather  to 
reverse,  the  mechanism  of  production  of  the  dislocation  as  most  likely  to  lead  to 
successful  reduction,  traction  and  adduction  being  made  in  case  of  a  dislocation 
outward  and  abduction  in  case  of  one  inward.  Lateral  pressure  on  the  opposed 
parts  will  aid  materially  in  reposition  of  a  dislocation  outward.  The  disloca- 
tion may  be  attacked  as  if  it  were  a  dislocation  backward,  and  reduced  by  the 
same  manoeu\Tes  which  are  suitable  for  that,  jissistance  being  afforded  by  direct 
pressure  in  the  desired  direction.  Sometimes  it  is  advisable  to  reduce  one  bone 
first  and  then  the  other. 

Reduction  is  to  be  made,  first  of  the  ulna  by  the  method  of  extension,  then  of 
the  radius  by  extension  of  the  forearm  and  supination,  and  by  direct  pressure  on 
the  upper  portion  of  the  radius. 

Dislocations  P'orward. — These  are  rare,  but  occur  more  frequently  with- 
out than  with  fracture  of  the  olecranon.  Scarcely  twenty-five  cases  have  yet  been 
recorded  (Stimson)  and  seven  of  these  were  with  fractm^e  of  the  olecranon,  and 
as  far  as  known  they  were  caused  by  blows  on  the  tip  of  the  flexed  elbow.  And 
yet,  from  experiments  on  the  cadaver  it  is  admitte*!  that  circumduction  of  the 
forearm  about  the  axis  of  the  humerus,  or  great  supination,  the  elbow  being 
sharply  flexed  and  finally  extended,  may  bring  the  olecranon  outward  and  forward 
on  the  anterior  surface  of  the  trochlea,  when  extension  will  force  the  olecranon 
upward.  The  injury  is  always  a  severe  one  and  is  accompanied  by  a  rupture  of 
the  internal  lateral  ligaments  and  more  or  less  of  the  outer.  In  the  majority  of 
cases  of  dislocations  forward  a  blow  on  the  tip  of  the  strongly  flexed  elbow 
appears  to  have  been  the  causative  agent. 

Two  clinical  varieties  are  described :  one  where  the  tip  of  the  olecranon  rests 
on  the  trochlea  and  the  other  where  the  dorsum  of  the  olecran6n  rests  on  the  ante- 
rior surface  of  the  humerus.  In  the  first  the  forearm  is  sharply  flexetl,  in  the 
second  much  loss  so.  In  the  first  the  antero-posterior  diameter  of  the  lower 
part  of  the  arm  is  increased,  the  olecranon  fossa  is  palpable  when  the  olecranon 
is  not  broken  off  and  left  in  situ,  and  the  elbow  is  blunt  instead  of  being 
pointed.  In  the  second  form  the  coronoid  and  the  sigmoid  fossa  are  palpable 
in  front,  and  the  tip  of  the  olecranon  may  be  felt  immediately  beneath  the  skin. 

If  the  olecranon  is  broken  off  and  remains  in  the  olecranon  fossa  it  preserves 
the  sharp  point  of  the  elbow  and  can  be  felt  movable  beneath  the  skin.  The  arm 
is  shortened,  and  in  front  of  the  ann  the  sharply  prominent  coronoid  process  may 
be  felt,  but  of  course  not  the  olecranon.  These  cases  are  more  properly  to  be 
described  as  fractures  of  the  olecranon  with  forward  dislocation  as  a  compli- 
cation. 
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Because  of  the  severity  of  the  injury  and  the  extensive  laceration  of  the  Uga- 
ments,  reduction  is  not  apt  to  be  difficult.  The  arm  should  be  put  up  at  a  right 
angle,  and  passive  motion  made  after  ten  days  or  two  weeks.  In  case  of  fracture 
of  the  olecranon,  unless  satisfactory  adjustment  is  obtained,  the  bone  should  be 
fastened  in  place  by  screw,  wire,  or  kangaroo  tendon.  (See  p.  139  of  Vol.  III.) 
Isolated  Dislocation  of  the  Ulna. — Dislocation  of  the  ulna  alone  occurs 
very  rarely  and  then  nearly  ahvays  in  a  backward  direction  and  as  the  result  of 
lateral  flexion  of  the  extended  arm  inward.  Dislocation  of  the  ulna  in  any  other 
direction  would  require  such  extensive  separation  of  the  interosseous  ligaments 
as  to  be  almost  impossible.  The  forearm  is  of  necessity  rotated  inward  and 
there  is  more  or  less  change  of  position  of  the  head  of  the  radius  on  the  em- 
inentia  capitata.  Depending  on  the  extent  of  laceration  of  the  orbicular  liga- 
ment, the  ulna  is  more  or  less  free  of  the  head  of  the  radius  and  lies  with  the 
coronoid  process  on  the  posterior  surface  of  the  trochlea  or  in  the  olecranon 
fossa  or  immediately  beneath  the  radius.  The  dislocation  is  more  apt  to  be 
incomplete  and  of  the  first  form. 

The  arm  is  held  in  more  or  less  complete  extension,  is  capable  of  supination 
and  pronation,  is  rotated  inward,  and  is  held  in  lateral  (ulnar)  flexion  inward. 

As  measured  from  the  internal 
epicondyle  to  the  styloid  the 
forearm  is  shortened  on  the 
ulnar  side. 

Reduction  is  best  accom- 
plished by  hyperextension,  su- 
pination, and  abduction. 

There  is  one  recorded  case 
(Loison's)  of  dislocation  of  the 
ulna  inward,  the  sigmoid  em- 
bracing the  epitrochlea,  and 
there  arc  two  of  dislocation 
forward  (Stimson's  and  Wight's) 
with  tearing  up  of  the  anterior 
muscles  of  the  arm  and  laceration 
of  the  internal  lateral  ligament. 
IS(3LATED  Dislocation  of 
THE  Radius  (Figs.  27  and  28). 
— Dislocations  of  the  radius 
alone  are  much  more  common  than  of  the  ulna  alone.  They  are  of  four  vari- 
eties: forward,  backward,  outward,  and  downward.  The  last  occurs  only  in 
children  and  is  .sometimes  called  dislocation  by  elongation,— probably  better 
described  as  diastasis. 

Dislocation  of  the  radius  forward  is  the  most  frequent  of  these  and  is  the  re- 


FiG.  27. — Upward  Dislocation  of  the  Radius,  witli  Fract- 
ure of  the  Ulna,  in  an  Adult.  Side  view.  (Roentgen 
Department  of  Lane  Hospital,  San  Francisco.) 
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suit  of  internal  lateral  flexion  (adduction)  and  forced  pronation,  the  forearm 
being  in  the  position  of  partial  flexion.  Clinicalh',  it  occurs  in  falls  on  the  hand. 
It  is  suggested  that  the  crossing  of  the  radius  and  ulna  in  pronation  develops  a 
fulcrum  permitting  the  force  exerted  at  the  wrist  to  tear  the  orbicular  ligament, 
but  it  should  be  remembered  that  in  the  muscled  forearm  no  such  contact  takes 
place  between  the  bones  as  oc- 
curs in  the  stripped  skeleton, 
although  the  underlying  oppo- 
sition yet  remains. 

Generally  the  orbicular  liga- 
ment is  torn  away  from  one  or 
other  of  its  ulnar  attachments 
or  is  torn  across  above,  but  the 
head  of  the  radius  may  be 
slipped  out  of  the  ring  of  the 
orbicular  ligament  by  exagger- 
ated adduction,  with  only  minor 
damage  to  the  latter. 

Often  there  is  concomitant 
fracture  of  the  ulna  at  the 
junction  of  its  upper  and  mid- 
dle thirds.  (See  Fig.  27,  taken 
from  one  of  four  cases  seen  by 
the  writer,  and  Fig.  29.)  Some- 
times there  is  fracture  of  the  head  of  the  radius,  or  fracture  of  the  internal  condyle. 

The  symptoms  depend  somewhat  on  the  degree  of  displacement  of  the  head  of 
the  ratlins  forward.  If  this  is  slight  and  the  interosseous  membrane  is  but  little 
torn,  the  head  of  the  radius  impinging  on  the  upper  part  of  the  external  condyle 
prevents  flexion  of  the  forearm  beyond  a  right  angle.  If  the  tearing  of  the  liga- 
ments is  greater,  the  head  of  the  radius  may  be  suflficiently  displaced  upward, 
when  the  forearm  is  flexed,  to  pass  over  the  upper  border  of  the  external  condyle. 
In  one  case  seen  by  the  WTiter  in  a  boy  of  twelve,  in  whom  the  dislocation  and 
fracture  of  the  uhia  were  some  two  years  old,  there  were  almost  complete  range 
of  flexion  and  extension,  and  nearly  perfect  pronation  and  supination.  In  another 
an  upward  and  outward  bend  of  the  upper  part  of  the  radius  permitted  the  head  of 
the  radius  to  ride  over  the  condyle.  This  was  a  very  old  dislocation,  possibl)' 
congenital. 

Ordinarily  the  forearm  is  held  in  abduction  (internal  condyle  prominent) 
and  in  pronation.     Lateral  mobility  is  considerably  increased. 

Palpation  shows  the  absence  of  the  head  of  the  radius  in  front  of  the  internal 
condyle  and  its  presence  above  in  a  rounded  mass  beneath  the  supinator  longus 
muscle. 


Fig.  28. — Antero-posterior  View  of  the  Case  Shown  in 
Fig.  26.  (Roentgen  Department  of  I.ane  Hospital,  Sau 
Francisco.) 
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Treatment.— Reduction  is  generally  to  be  effected  by  simple  pressure  on  the 
head  and  upper  part  of  the  radius.  Roser  advises  slight  dorsal  flexion  (hyper- 
extension)  followed  by  flexion  with  direct  pressure.  In  case  the  head  of  the  bone 
has  slipped  out  of  the  orbicular  ligament  the  anterior  capsule  of  the  joint  will  be 
interposed  between  the  head  of  the  radius  and  the  eminentia  capitata.  Because 
of  the  tearing  of  the  orbicular  ligament  and  interosseous  ligament  there  is  noth- 
ing to  retain  the  head  of  the  radius  in  place  and  the  tendency  to  reluxation 


Fir..  29. — Displacement  of  the  Head  of  the  RaJius  Rackvvard,  and  Fracture  of  the  Uhia.  (After 
Helferich.)  a,  Appearance  presented  by  a  forearm  in  whicli  dislocation  of  the  radius  backward  and 
fracture  of  the  ulna  had  both  occurred;  b,  dissection  showing  the  relations  of  the  radius,  ulna,  and 
humerus  to  one  another  in  the  case  referred  to  above. 

is  very  marked.  Roser  advises  putting  up  the  arm  in  acute  flexion  to  prevent 
reluxation  for  a  time. 

Concomitant  fracture  of  the  shaft  of  the  ulna  does  not  militate  against  re- 
duction in  recent  cases.  In  these  the  forearm  should  be  i)ut  up  flexed  at  a 
right  angle  and  between  pronation  and  supination. 

However,  under  the  best  of  conditions  the  scar  in  the  orbicular  ligament, 
being  weak,  is  apt  to  stretch  under  the  traction  of  the  biceps  muscle  in  active 
flexion,  and  more  or  less  complete  luxation  forward  may  result  even  long  after 
an  apparent  cure. 

In  old  unreduced  dislocation  and  where  reduction  is  either  not  possible  or  is 
not  efficiently  maintained,  resort  may  be  had  to  operation.  Simple  excision  of 
the  head  of  the  radius  will  permit  flexion  of  the  forearm,  and .  pronation  and 
supination,  but  in  suitable  cases  the  orbicular  ligament  may  be  sutured.  In 
the  case  shown  in  Fig.  30,  an  old  anterior  dislocation  of  the  radius  with  fracture 
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of  the  ulna,  the  writer  was  enabled,  after  opening  the  joint  and  dissecting  out  a 
fibrous  mass  from  the  lesser  sigmoid  fossa,  to  replace  the  head  of  the  radius. 
The  orbicular  ligament  being  very  largely  destroyed  (there  was  not  enough  of 
it  left  to  reach  around  the  neck  of  the  radius),  a  flap  from  the  anterior  portion  of 
the  capsule  of  the  joint  was  passed  around  the  head  of  the  radius  and  sutured 
to  the  periosteum  and  aponeurotic 
insertions  on  the  outer  side  of  the 
ulna.  At  the  end  of  a  year  no  re- 
luxation  had  occurred,  although 
the  patient  had  been  engaged  in 
manual  work,  and  this  in  spite  of 
the  fact  that  non-union  of  the  ulnar 
fracture  persisted.  The  elbow  could 
be  flexed  to  an  angle  of  sixty  de- 
grees with  the  humerus  and  ex- 
tended to  about  one  hundred  and 
sixty-five  degrees,  while  rotation 
was  completely  restored. 

Without  operation  the  prog- 
nosis as  to  function  is  not  al- 
together unfavorable,  for  if  the 
head  of  the  radius  be  lifted  high 
enough  it  will  permit  of  flexion  by 
passing  over  the  external  condyle.  In  young  children  the  radius  bends  outward 
and  upward,  lessening  the  resistance  to  supination.  In  two  cases  seen  by  the 
WTiter,  of  old  unreduced  anterior  dislocation  of  the  head  of  the  radius  in  boys  of 
ten  and  twelve,  there  were  complete  flexion  and  pronation  and  such  slight  limita- 
tion of  supination  and  extension  as  to  make  operation  unjustifiable. 

Dislocations  of  the  Radius  Backavard. — Less  common  than  dislocations 
of  the  radius  forward  are  dislocations  backward.  They  occur  in  young  people. 
A  blow  in  front  of  the  upper  portion  of  the  radius  might  be  expected  to  cause  this 
dislocation,  but  the  great  protection  due  to  the  depth  of  the  radius  beneath  the 
supinator  and  extensor  muscles  at  this  point  makes  this  unlikely.  Most  cases 
clinically  give  a  history  of  falling  on  the  outstretched  hand  as  in  dislocation 
forward,  but  probably  in  supination  or,  what  is  nearly  the  same  thing,  in  the  fall, 
the  humerus  is  rotated  inward  on  the  fixed  forearm. 

The  deformity  is  characteristic :  the  forearm  is  held  in  mid-flexion,  in  mod- 
erate pronation,  and  can  neither  be  flexed  nor  extended  nor  supinated.  The 
lateral  angle  at  the  elbow  is  exaggerated ;  i.e.,  the  radial  side  of  the  arm  is  short- 
ened and  the  forearm  is  rotated  outward  on  the  humerus.  The  internal  epi- 
condyle  is  prominent  and  the  head  of  the  radius  is  felt  beneath  the  capitellum. 

Treatment. — Reduction  is  to  be  effected  through  traction  with  extension  and 


Fig.  30. — Two  Exposures  on  the  Same  Plate,  Show- 
ing Range  of  Flexion  and  Extension  in  an  Old  Un- 
reduced .\nterior  Dislocation  of  the  Radius,  in  which 
the  head  of  the  Radius  rides  over  the  external  condyle. 
(Original.) 


62  AMERICAN  PRACTICE  OF  SURGERY. 

supination,  direct  pressure  being  made  at  the  same  time  on  the  head  of  the 
radius. 

Dislocations  of  the  Radius  Outward. — Dislocation  of  the  radius  out- 
ward is  rare  enough  to  be  looked  upon  as  a  surgical  curiosity.  Schroter  collected 
some  ten  cases  from  the  literature,  but  Stimson  says  that,  if  the  cases  with  fract- 
ure of  the  ulna  arc  excluded,  not  more  than  one  or  two  have  been  reported. 
There  are  opportunities  for  difference  of  opinion  as  to  the  exact  position  of  the 
radius  in  a  given  case,  and  it  is  a  very  nice  distinction  to  say  just  which  case 
is  a  purely  lateral  dislocation  and  which  an  outward  and  forward  or  an  outward 
and  backward. 

With  outward  displacement  of  the  radius  the  interosseous  membrane  is 
tensely  stretched  if  not  partly  torn  and  the  forearm  is  held  midway  between 
pronation  and  supination. 

The  cases  which  complicate  fracture  of  the  upper  part  of  the  ulna  are  said  to 
be  due  to  direct  pressure  outward  of  the  fragments  of  the  ulna  at  the  i)oint  of 
fracture,  or  rather  this  point  may  be  considered  a  fulcrum  on  which  the  radius 
rotates  as  a  lever  in  adduction. 

Treatment. — Reduction  is  not  difficult,  in  fresh  cases,  by  extension,  supination, 
and  direct  pressure  on  the  head  of  the  radius.  Adduction  may  assist,  and  in  old 
cases  open  operation  has  succeeded. 

Dislocations  OF  the  Radius  Downward. — Dislocation  of  the  radius  down- 
ward, or  diastasis,  according  to  the  accumulation  of  evidence,  is  the  explana- 
tion of  the  injury  which  has  frequently  been  found  in  young  children,  generally 
under  four  and  almost  invariably  under  six  years  of  age.  The  diastasis  is  pro- 
duced by  simple  traction  on  the  wTist  or  perhaps  with  an  additional  lateral  com- 
ponent of  force  (adduction)  due  to  swinging  the  child.  The  head  of  the  radius, 
at  least  its  anterior  edge,  is  pulled  out  of  the  ring  of  the  orbicular  ligament,  by 
the  traction  and  adduction.  Supination  increases  the  lateral  angle  between  hu- 
merus and  radius,  and  therefore  increases  the  effect  of  the  longitudinal  traction. 

The  arm  is  immediately  painful  at  both  wrist  and  elbow  and  is  held  in  pro- 
nation.    The  most  characteristic  feature  is  the  inability  to  perform  supination. 

Treatment. — In  forcing  supination,  and  sometimes  by  the  aid  of  flexion  and 
adduction,  a  snap  is  heard  and  the  symptoms  disappear.  The  head  of  the  radius 
is  dislodged  from  the  anterior  edge  of  the  annular  ligament  and,  passing  up- 
ward within  it,  takes  its  normal  position  on  the  capitellum. 

Old  Unreduced  Dislocations. — As  said  above,  the  difficulties  of  reduction 
increase  very  rapidly  with  the  lapse  of  time  after  dislocation,  because  of  adhe- 
sions, the  result  of  organization  of  inflammatory  tissues,  and  oT  the  growth  of 
new  bone  from  stripped-up  periosteum  or  from  bony  fragments,  the  result  of 
complicating  fracture.  Muscular  retraction  is  of  some  influence,  but  is  over- 
come without  great  difficulty  unless  time  enough  has  elapsed  for  definite  con- 
tracture to  take  place.     Obstruction  to  reduction  on  the  side  of  the  soft  parts 
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may  be  more  often  overcome  by  breaking  up  of  adhesions  and  stretching  of  scars, 
and  dislocations  presenting  obstructions  to  reduction  only  of  this  sort  can  be 
reduced  even  after  a  long  time.  Still,  occasionally  shortened  bands  and  mus- 
cles will  require  to  be  cut  before  reduction  is  possible. 

Before  any  effort  is  made  at  reduction  of  an  elbow  dislocation  of  more  than  a 
very  few  weeks'  duration,  and  still  more  so  if  unsuccessful  attempts  at  reduction 
have  previously  been  made,  an  x-ray  picture  should  be  secured,  by  which  means 
much  will  be  learned  concerning  the  character  of  the  obstruction.  Often  by 
this  means  the  use  of  force  with  its  many  dangers  will  be  avoided.  By  the  use 
of  force  in  hyperextension  the  ligaments  in  front  of  the  joint  may  be  torn  off  or 
the  vessels  injured,  and  in  forced  flexion  there  is  gi'eat  danger  of  fracture  of  the 
olecranon,  or  of  damage  of  the  trochlea  by  the  coronoid  process  crushing  into  it. 

Formerly,  in  refractoiy  cases  the  only  recourse  was  resection,  or  else  forcing 
the  joint  into  as  nearly  as  possible  the  right-angled  position  and  maintaining  it 
there,  by  which  a  comparatively  useful  arm  would  be  secured. 

Resection  may  be  expected  to  give  excellent  range  of  flexion  and  extension, 
although  the  power  or  force  capable  of  being  exerted  in  extension  is  deficient. 
Frequently  the  hand  cannot  be  raised  above  the  head,  and  there  are  decided 
deformity  and  increased  lateral  mobility.  Still,  the  arm,  having  good  power  and 
range  of  flexion,  is  quite  generally  accepted  as  being  more  useful  than  when 
the  elbow  is  stiff  and  set  at  a  right  angle. 

In  recent  years  the  operation  of  reduction  by  open  incision,  when  performed 
with  perfect  asepsis,  has  come  to  the  front  and  gives  a  more  nearly  normal  joint 
with  moderate  limitation  of  motion.  Liston  is  said  to  have  reduced  such  a  dis- 
location after  subcutaneous  division  of  all  tense  bands,  but  modern  work  in  this 
fiekl  dates  from  1879  when  Trendelenburg  divided  the  olecranon,  opening  the 
joint  widely,  and  dissected  out  fibrous  tissue  and  newly  formed  bone,  and,  after 
reduction  and  final  union  of  the  olecranon,  secured  a  movable  joint. 

The  operation  may  be  done  through  a  single  radial  incision  such  as  Kocher's 
incision  for  resection,  or  through  bilateral  incisions,  according  to  the  nature  and 
position  of  the  obstructions  to  reduction.  Bunge  (Arch.  /.  klin.  Chir.,  LX.,  p.  557) 
does  not  hesitate  so  to  loosen  up  the  parts  as  to  cause  the  entire  lower  end  of  the 
humerus  to  protrude  through  the  incision.  Shortened  bands  and  Ugaments 
should  be  cut,  fragments  of  bone  removed,  and  new  bone  cut  away :  and  fibrous 
masses  should  be  peeled  off  the  articular  cartilages.  It  is  important  to  injure  the 
articular  cartilages  as  little  as  possible.  When  reduction  is  accomplished,  short- 
ened tissues  should  be  stretched  by  subsequent  forcible  movement  of  the  joint. 
The  arm  should  be  put  up  in  plaster  of  Paris  at  a  right  angle  and  passive  motion 
be  begun  early,  i.e.,  after  five  or  six  days.  Stimson  has  reported  a  number  of 
eases  successfully  treated  in  this  manner  by  him. 

In  case  of  failure  to  secure  a  movable  joint,  the  operation  of  Murphy,  of  Chica- 
go, of  interposing  a  flap  of  fibrous  and  fatty  tissue  from  the  back  of  the  arm 
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between  the  bones  (see  Jour,  of  Amer.  Med.  Asso.,  XLIV.,  1905) ,  will  often  secure 
useful  mobility.  The  operation  of  Murphy  has  undoubtedly  won  for  itself  a 
prominent  position,  but  the  final  judgment  as  to  its  superiority  over  resection 
cannot  be  said  to  have  been  reached  as  yet. 

DiSLOCATiox  OF  THE  DiSTAL  Radio-Ulxar  Joixt. — The  relative  movements 
of  the  head  of  the  ulna  and  the  lower  end  of  the  radius  are  determinad  to  a  large 
extent  by  the  attachment  of  the  triangular  ligament  or  interosseous  fibro-car- 
tilage  to  the  styloid  process  of  the  ulna,  this  latter  being  very  near  the  axis 
about  which  the  radius  rotates  in  pronation  and  supination.  This  rotation  is 
limited  also  by  the  interosseous  membrane  and,  at  the  lower  end  of  the  bones,  by 
the  anterior  and  posterior  radio-ulnar  ligaments. 

Except  as  a  complication  of  fracture  of  the  radius,  particularly  of  the  lower 
end  in  which  frequently  also  the  ulnar  styloid  is  broken  off,  dislocation  of  the  dis- 
tal radio-ulnar  joint  is  very  rare.  It  is  described  as  dislocation  of  the  lower  end  of 
the  ulna,  probably  because  of  the  small  size  of  that  bone,  but  contrarily  to  the 
rule  of  classification,  since  the  ulna  is  the  more  fixed  of  the  two  relatively  to 
the  remainder  of  the  body.  Dislocations  backward  and  forw^ard  are  described, 
the  former  due  to  excessive  pronation,  the  other  to  excessive  supination.  In 
a  case  reported  by  Baum  (Zeit.  /.  Chir.,  LXVII.)  a  sharp  blow  on  the  lower  end 
of  the  ulna  produced  a  forward  dislocation. 

In  dorsal  dislocation  the  hand  is  held  midway  between  pronation  and  supina- 
tion; pronation  is  permitted,  but  supination  is  greatly  limited.  The  transverse 
diameter  of  the  low^r  part  of  the  forearm  is  lessened  and  the  antero-posterior 
increased,  and  the  styloid  rests  on  the  dorsum  of  the  radius.  In  volar  dislocation 
the  styloid  is  often  broken  off,  but  may  be  prominent  on  the  flexor  surface ; 
pronation  is  limited. 

Treatment. — In  dorsal  dislocation  reduction  is  to  be  effected  by  supina- 
tion and  direct  pressure,  and  in  volar  by  pronation  and  direct  pressure. 

Diastasis  of  the  Head  of  the  Ulxa. — Simple  diastasis  of  the  ulna  occa- 
sionally occurs  in  consequence  of  fracture  of  the  styloid  and  rupture  or  stretch- 
ing of  the  radio-ulnar  ligaments.  Abnormal  mobility  of  the  head  of  the  ulna 
is  left. 

Dislocations  of  the  Wrist. — The  wrist  joint  approaches  very  nearly  the  typical 
ball-and-socket  joint,  for  the  scaphoid  and  semilunar  and  cuneiform  bones  together 
make  a  rounded  eminence  comparable  to  the  head  of  the  femur  or  humerus,  and 
which  is  sometimes  called  the  "  head  of  the  hand."  The  shallow  socket  is  composed 
of  the  articular  surface  of  the  radius  and  the  lower  surface  of  the  triangular  liga- 
ment. The  chief  motions  permitted  by  the  wrist  joint  proper  are  flexion  and  ex- 
tension (dorsal  flexion)  and  lateral  abduction  and  adduction  with  but  little  rota- 
tion. Dorsal  flexion  ami  volar  flexion  are  limited  by  contact  of  the  carpal  bones 
posteriorly  and  anteriorly  on  the  edges  of  the  articular  surface  of  the  radius,  and 
to  some  extent  also  by  tension  of  the  anterior  and  posterior  ligaments.    So  strong 
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Fig.  31. — Deformity  Result- 
ing from  Dislocation  of  the 
Carpus  Forward. 


are  these  ligaments  and  so  firm  their  attachments  to  the  racUus  that  excessive 
flexion  in  either  direction  is  much  more  apt  to  result  in  fracture  of  the  lower  end 
of  the  radius  than  to  tear  off  or  rupture  the  ligaments,  producing  true  dislocation 
of  the  carpus.  In  the  earlier  surgical  literature  these  fractures  were  described  as 
dislocations,  but  when  their  true  nature  was  discovered  the  pendulum  swung  as 
far  the  other  way  and  dislocation  of  the  carpus  was 
denied  by  many  surgeons,  among  whom  was  no  less 
an  authority  than  Dupu\i:ren. 

Dislocation  of  the  carpus  does  occur,  however, 
both  backward  and  fon\-ard,  though  perhaps  more 
frequently  in  the  former  direction.  The  deformity 
resembles  that  of  fracture  of  the  lower  end  of  the  ra- 
dius; but  in  recent  cases,  and  if  not  too  great  swell- 
ing has  occurred,  the  articular  surface  of  the  radius  is 
to  be  made  out  by  palpation.  Extreme  dorsal  and 
volar  flexion,  combined  vsith  great  force,  causes  these 
dislocations;  the  backward  ones,  as  a  rule,  being 
caused  by  the  latter  factor,  and  the  forward  by  the 
former.  In  dislocation  backward  the  tendons  are 
lifted  off  the  posterior  surface  of  the  radius. 

Treatment. — Reduction  is  usually  readily  attained 
by  means  of  traction  on  the  hand,  or  by  direct  pressure  on  the  displaced 
bones,  or  by  both  combined.  Slight  displacement  forward  is  the  tendency 
after  reduction. 

Compound  dislocations  of  the  wrist  are  the  result  of  great  force  and  are  severe 
injuries.  Couteaud  (Revue  de  Chir.,  XXVI.,  No.  8)  collected  seventeen  cases 
(including  two  of  his  own)  in  which  the  mortality  was  fifteen  per  cent.  Ankylosis 
was  the  general  result  and  only  exceptionally  was  motion  of  the  fingei*s  retained. 
Interference  with  nerve  function,  deformity  and  malposition  of  the  hand,  sub- 
luxation, etc.,  often  resulted.  The  prognosis  naturally  depends  on  the  degree  of 
injury  and  on  the  character  and  intensity  of  infection.  Couteaud  advised 
prophylactic  injections  of  anti-tetanic  serum,  cleansing  and  reposition,  in  most 
cases  with  drainage,  but,  in  the  presence  of  fracture,  resection.  In  infected  cases 
resection  may  be  required  secondarily.  Passive  motion  and  massage  should  be 
begun  early.  Amputation  is  seldom  indicated ;  this  on  the  ground  that  even  a 
deformed  hand  is  better  than  an  artificial  one. 

A  few  cases  have  been  reported  of  dislocation  of  the  second  row  of  carpal 
bones  upon  the  dorsum  of  the  first  row  with  shortening  of  the  hand  and  antero- 
posterior thickening,  interfering  with  the  motions  of  the  fingers. 

Dislocations  of  Individual  Bones  of  the  Carpus. — Individual  bones 
of  the  carpus  are  occasionally  dislocated  and  of  these  the  most  commonh'  dis- 
located is  the  semilunar.     Eigenbrodt    {Brans'    Beitr.,   XXX.)    collected   52 
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cases  of  which  27  were  of  the  semilunar,  9  of  the  scaphoid  (3  compUcated  with 
fracture  of  the  scaphoid),  5  of  the  pisiform.  4  of  the  trapezoid,  4  of  the 
trapezius,  and  3  of  the  unciform. 

Dislocation  of  the  semilunar  may  be  either  forward,  the  result  of  dorsal 
flexion,  or,  less  commonly,  backward  from  volar  flexion.  The  mechanism 
of  the  production  of  the  dislocation  of  the  semilunar  is  not  clearly  under- 
stood. Lesser  (Zeitschr.  /.  Chir.,  LXVII.)  opposes  the  traction  theory  of 
Berger,  the  pressure  theory  of  Potel,  and  the  cherry-stone  theory  of  Albertin, 
claiming  that  the  dislocation  is  due  to  lever  action  and  not  to  direct  pressure 
or  traction. 

Dislocation  of  the  semilunar  may  be  complicated  by  fracture  of  the  radius 
or  of  the  scaphoid  and  in  a  large  proportion  of  cases  is  compound  (ten  of  the 
twenty-seven  cases  of  Eigenbrodt). 

Great  swelling  may  obscure  the  projection  of  the  bone  in  recent  cases.  There 
are  more  or  less  disability  of  the  fingers  and  pain  from  pressure  on  the  median  or 
the  ulnar  nerve.  The  diagnosis,  which  may  be  difficult  in  individual  cases,  is  made 
clear  by  a  Roentgen  picture,  and,  by  taking  profile  as  well  as  antero-posterior 
views,  ihe  position  of  the  bone  may  be  accurately  determined  and  complicating 
fracture  made  out. 

Reduction  of  the  dislocation  can  seldom  be  accomplished  even  in  recent  cases, 
perhaps  because  of  rotation  of  the  bone,  but  reduction  by  open  operation  has  suc- 
ceeded in  a  few.  In  several, 
reluxation  has  occurred,  re- 
quiring removal  of  the  bone. 
In  compound  dislocation  and 
in  those  cases  in  which  reduc- 
tion fails,  extirpation  should 
be  performed  and  will  give  a 
useful  wrist. 

In  a  recent  case  of  forward 
dislocation  of  the  semilunar  by 
Hey  graves  (Lancet,  1902,  II.) 
there  was  a  bony  prominence 
in  front  of  the  wrist  at  the 
level  of  the  radial  styloid  and 
a  shortening  of  about  one-fifth 
of  an  inch  (0.5  cm.)  as  meas- 
ured from  the  styloid  process- 
es. Pronation  was  possible, 
but  supination  was  painful.  Reduction  v/as  effected  by  traction  and  direct 
pressure.  In  a  case  of  volar  dislocation  one  year  old.  Urban  (Wien.  med. 
Woch.,  1903)  excised  the  semilunar  bone  with  relief  of  pain  and  restoration  of 


Fio.  32. — Dislocation  of  the  Scaphoid  Forward.     (Roentgen 
Department  of  Lane  Hospital,  San  Francisco.) 
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±IG.  33. — Dislocation  of  the  Semilunar  and 
Scaphoid.     Profile  \-iew.     (After  Lejars.) 


motion,  but  because  of  lack  of  sup- 
port the  wrist  was  slightly  displaced 
to  the  ulnar  side  and  forward. 

Dislocation  of  the  scaphoid  is  usually 
forward  and  may  be  of  the  bone  as  a 
whole,  in  which  case  it  is  apt  to  be  ro- 
tated to  a  right  angle  as  in  Fig.  32,  but 
more  frequently  the  bone  is  fractured 
and  one  fragment  is  displaced. 

Dislocations  of  the  metacarpal  bones 
are  less  frequent  than  dislocations  of 
the.  carpals  and  may  be  one  or  all  of 
them  forward  or,  which  is  more  com- 
mon, backward.  The  diagnosis  is  reai  1- 
ily  made,  if  the  swelhngis  not  too  great, 
by  the  sharp  prominence  at  the  carpo- 
metacarpal joint.  Complicating  fract- 
ure is  to  be  made  out  by  the  radio- 
gi'aph  and  by  the  presence  of  bony 
crepitus.     Dislocation  of  the  first  metacarpal  is  more  common  than  dislocation 

of  the  other  metacarpals  because  of  the  greater   ex- 
posure to  trauma  and  its  gi-eater  mobility. 

Treatment.  —  Reduction  is  to  be  effected  by 
traction  and  flexion  in  dorsal  dislocation  and  by 
dorsal  flexion  together  with  direct  pressure  if  the 
dislocation  is  volar.  Except  in  the  case  of  the 
first  metacarpal,  httle  disability  results  from  the  dis- 
location, though  there  is  considerable  deformity  of  the 
dorsum  of  the  hand.   (Fig.  34.) 

Dislocations  of  the  Fingers. — The  metacarpo- 
phalangeal and  interphalangeal  joints  are  allied  to  the 
arthi'odial  joints,  but,  as  in  the  case  of  the  wTist,  they 
permit  of  a  wide  range  of  flexion  and  extension 
and — at  least  in  the  metacarpo-])halangeal  joints — a 
smaller  degree  of  lateral  flexion.  In  the  metacarpo- 
phalangeal joints  there  is  very  little  rotation,  in 
fact  the  rotation  possible  in  these  joints  is  due  sim- 
ply to  laxity  of  ligaments:  it  is  not  a  matter  of 
muscular  control,  but  is  of  use  merely  in  a  negative 
way  as  a  safety  factor  in  preventing  injury.  The  interphalangeal  joints  permit 
of  almost  no  lateral  flexion  and  rotation. 

All  these  joints  present  an  important  anatomical  difference  from  the  pure 


Fig.  34. — Deformity  Caused 
by  Dislocation  of  the  Metacar- 
pus Forward. 
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arthrodial  joints  in  that  the  rounded  bone  of  the  joint  or  ball  is  on  the  proximal 
side  and  the  glenoid  or  socket  is  on  the  distal,  by  which  it  happens  that  in  com- 
plete dislocation  the  laceration  of  the  capsule  is  on  the  side  opposite  to  the 
displacement  of  the  distal  bone,  quite  the  contrary  of  what  occurs  in  such  joints 
as  the  shoulder  and  hip.     In  other  words,  in  dislocation  of  the  finger  joints  the 

extremity  of  the  bone  on  the  proximal 
side,  and  not  on  the  distal,  passes 
through  the  rent  in  the  capsule. 

The  heads  of  the  metacarpal  bones 
are  flattened  laterally,  so  that  their 
antero-posterior  diameters  are  greater 
than  the  lateral,  and  the  radius  of 
curvature  is  correspondingly  greater. 
The  concave  articular  surface  at  the 
base  of  each  one  of  the  phalanges  is  wider  laterally  than  that  of  the  corre- 
sponding head  of  metacarpal  or  phalangeal,  furnishing  vantage  points  for  inser- 
tion of  strong  lateral  ligaments,  etc.,  limiting  the  degree  of  lateral  flexion  and 
rotation,  while  antero-posteriorly  the  base  of  each  phalangeal  is  smaller  than  the 
corresponding  head,  thereby  permitting  a  large  range  of  flexion  (ninety  degrees 
or  more)  and  extension  and  some  degree  of  dorsal  flexion.  Individuals  differ 
greatly  in  the  mobility  of  these  joints. 

Any  of  the  metacarpo-phalangeal  or  interphalangeal  joints  may  be  dislocated, 
but  because  of  its  greater  exposure  to  violence  and  its  limited  range  of  motion  the 


Fig.  35. — Relations  of  the  Carpal  Phalanges  in  a 
Complicated  Dislocation  of  the  Thumb.  (After  Far- 
abeuf.)  The  sesamoid  bone  is  pushed  away  from 
its  natural  position  and  is  interposed  between  the 
phalanges. 


Fig.  36. — Simple  Complete  Dislocation  of  the  Thumb.  (After  Farabeuf.)  a,  Deformity  char- 
acterizing such  dislocation;  h,  relations  of  the  bones.  Tlie  arrows  show  the  directions  in  which  press- 
ure should  be  made  in  order  to  push  the  sesamoids  to  one  side. 

metacarpo-phalangeal  joint  of  the  thumb  is  by  far  the  most  frequently  dislocated. 
Nearly  five  per  cent  of  all  dislocations  arc  of  this  joint  (Hoffa). 

Dorsal,  volar,  radial,  and  ulnar  dislocations  of  the  first  metacarpal  joint  have 
been  described,  but  not  only  is  the  dorsal  dislocation  of  the  thumb  the  most  com- 
mon, but,  from  the  very  great  difficulty  met  with  in  its  reduction  in  many  cases, 
it  is  of  by  far  the  greatest  surgical  importance. 

Dorsal  dislocation  of  the  thumb  is  caused  by  excessive  extension  (dorsal 
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flexion)  and  may  be  partial  or  complete.  Many  individuals,  especiaUy  in  child- 
hood, can  voluntarily  hyperextend  the  thumb,  producing  partial  dorsal  dislocation, 
which  they  reduce  by  active  flexion.  In  complete  dislocation  the  anterior  por- 
tion of  the  capsule  is  torn  and  the  head  of  the  metacarpal  protrudes  through  it. 
The  tendon  of  the  long  flexor  is  generally  displaced  to  the  inner  side,  so  that  the 
sesamoid  bones  lie  on  the  inner  side  of  the  joint,  and  the  inner  one  may  reach  the 
dorsum  of  the  metacarpal.  Primarily,  the  phalanx  rests  roughly  at  right  angles 
to  the  metacarpal  bone,  with  its  articular  sm^face  in  contact  with  the  dorsal  sur- 
face of  the  latter.  Induced  flexion  (the  active  force  may  be  a  continuance  of 
the  original  force  effective  on  the  base  of  the  phalangeal,  together  with  the  resist- 
ance of  the  long  flexor  applied  at  the  outer  extremity)  may  cause  the  shaft  of 
the  phalangeal  to  become  more  or  less  parallel  to  the  metacarpal,  or  partially 


Fig.  37. — Reduction  of  a  Complicated  Dislocation  of  the  Thumb.     First  step:  traction  in  the 
axis  of  the  thumb.     (After  Lejars.) 

flexed  and  in  contact  with  it  by  its  anterior  surface.     The  terminal  phalanx  of 
the  thumb  is  sharply  flexed  bj'  reason  of  the  tension  of  the  long  flexor. 

Treatment. — In  some  cases  which  may  be  classed  rather  as  exceptions,  re- 
duction is  readily  eff'ected  by  hyperextending  the  phalangeal  till  it  is  at  right 
angles  to  the  metacarpal  and  then  flexing  it  after  pressing  it  forward  till  its  base 
passes  over  on  to  the  articular  surface  of  the  metacarpal.  In  other  cases  re- 
duction, except  by  open  incision,  is  impossible.  Many  explanations  have  been 
offered  for  the  difficulty  of  reducing  this  dislocation,  and  the  sesamoid  bones 
have  borne  perhaps  more  than  their  share  of  blame.  It  has  been  sho\s'n  that 
the  rent  in  the  anterior  portion  of  the  capsule  is  apt  to  be  nearer  the  volar 
than  the  dorsal  end  of  the  articular  surface  of  the  metacarpal;  at  least  there 
is  generallj'  left  a  considerable  portion  of  anterior  capsule  attached  to  the 
distal  bone.  When  the  dislocation  is  complete  and  the  phalangeal  is  flexed  so 
as  to  lie  parallel  to  the  metacarpal,  this  portion  of  the  anterior  capsule  is 
carried  past  the  rounded  head  of  the  metacarpal  and,  fitting  closely  around  the 
neck  of  the  bone,  cannot  be  dislodged  even  though  verj'  great  force  be  appUed. 
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It  has  been  found  that  in  open  operation,  if  this  portion  of  the  capsule  is  nicked, 
reduction  is  readily  effected.  Various  devices  for  effecting  reduction  might  be 
mentioned;  such  are,  for  example,  special  forceps,  Leirs'  lever,  etc. 

Since  the  phalanx  is  held  in  its  position  largely  by  tension  of  the  short 
flexors,  some  degree  of  relaxation  may  be  secured  by  flexing  the  metacarpal  into 
the  palm  of  the  hand. 

In  case  of  serious  difficulty  in  reduction,  open  incision  is  certainly  preferable 
to  traction  with  inordinate  force,  for  the  latter  has  in  some  instances  done  great 
damage;  the  thumb  has  been  so  injured  as  to  slough,  it  has  even  been  pulled  off 


Fig.  38. — Reduction  of  a  Complicated  Dislocation  of  the  Thumb.     Second  step.   (After  Lejars.) 

with  its  tendons.  Stimson  has  suggested  that  section  of  that  portion  of  the 
anterior  capsule  which  is  hooked  over  the  end  of  the  metacarpal  may  be  made 
with  a  tenotome  subcutaneously.  In  open  arthrotomy,  incision  on  the  volar 
surface  is  advised. 

Dislocation  forward  is  much  less  common  and  is  generally  the  result  of  a 
direct  blow  on  the  dorsal  surface;  simple  flexion  is  seldom  sufficient  (Koenig), 
being  resisted  by  the  thenar  mass.  The  dislocation  is  often  more  or  less  to  the 
radial  or  to  the  ulnar  side,  rather  than  purely  forward,  and  frequently  more 
or  less  lateral  flexion  results  because  of  the  roundness  of  the  volar  extremity  of 
the  head  of  the  metacarpal,  as  well  as  on  account  of  axial  rotation,  pronation,  or 
supination,  according  as  the  extensor  aponeurosis  is  displaced  to  the  radial  or  to 
the  ulnar  side.  The  base  of  the  phalangeal  is  prominent  in  the  palm  and  the 
rounded  head  of  the  metacarpal  on  the  dorsum. 

As  a  rule  reduction  is  readily  effected  by  flexion,  traction,  and  extension. 

Purcily  lateral  dislocation  may  occur  with  laceration  of  the  lateral  ligaments 
of  the  opposite  side.  Reduction  is  to  be  made  by  a  manoeuvre  similar  to  that 
used  in  reducing  dorsal  dislocation,  viz.,  sliding  the  phalangeal  downward  as 
far  as  possible  and  then  making  adduction  or  abduction  as  the  case  may  be. 

After  reduction,  these  dislocations  may  be  retained  best  by  a  plaster-of- Paris 
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spica  of  the  thumb,  but  excellent  fixation  may  be  secured  by  strips  of  adhesive 
plaster  laid  on  as  in  the  turns  of  a  spica.  A  short  dorsal  splint  of  pasteboard, 
3'ucca,  or  thin  wood  will  give  additional  protection. 

The  interphalangeal  joints  permit  of  less  lateral  flexion  and  less  rotation  than 
the  metacarpo-phalangeal.     Functionally  they  are  purely  hinge  joints. 

Dislocations  of  any  of  these  joints  may  occur — backward  as  the  result  of 
hyperextension,  forward  from  hyperflexion.  and  laterally.  Tlie  diagnosis  in  in- 
di\'idual  cases  is  eWdent  on  palpation,  and  reduction  is  readily  to  be  made,  in 
most  cases,  after  the  general  maimer  already  described  for  the  reduction  of  dis- 


FiG.  39.^ — Reduction  of  a  Complicated  Dislocation  of  the  Thumb.     Thinl  step.     (.Aiter  Lejars.) 

locations  of  somewhat  similar  joints.  However,  occasionallj^  an  irreducible  dis- 
location will  l^e  met  with,  requiring  arthrotomy  or  even  resection. 

Dislocations  of  the  Hip. — The  liip  joint,  more  than  any  other  of  the  principal 
joints  of  the  body,  is  limited  in  its  motions  by  muscular  tension,  which  fact 
doubtless  greatly  lessens  the  frequency  of  dislocation  as  well  as  of  fracture.  On 
the  cadaver  the  range  of  the  various  motions  of  the  hip  can  be  seen  to  be  con- 
siderably greater  when  the  muscles  are  removed. 

When  one  consider  the  great  exposure  of  the  hip  joint  to  severe  force,  the 
weight  of  the  lower  limb,  the  very  long  power  arm  of  the  lever  of  the  thigh,  and 
the  verj'  short  weight  arm  (head  and  part  of  neck  of  the  femur),  one  is  struck 
with  the  singular  infrequency  of  dislocation  of  the  hip  joint.  It  is  difficult  to 
determine  the  actual  frequenc}'  relatively  to  the  total  number  of  dislocations,  for 
different  statistics  vary  all  the  way  from  two  to  twelve  per  cent.  From  the 
nature  of  the  injury  and  its  location  the  percentage  in  hospital  statistics  might 
be  expected  to  be  gi-eater  than  in  dispensary,  and  doubtless  a  much  larger  pro- 
portion of  dislocations  of  the  liip  are  reported  than  of  many  other  joints,  especially 
of  the  small  joints. 

No  age  is  exempt  from  dislocation  of  the  hip,  but  the  greatest  frequency 
would  seem  to  be  in  middle  life  and  in  males.     Doubtless  the  frequency  in 
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young  children  would  be  much  greater  if  they  were  subjected  to  the  same  trau- 
matisms as  adults.  In  old  age  dislocation  of  the  hip  is  rare  because  of  the 
greater  fragility  of  the  bone,  the  relatively  deeper  acetabulum,  and  the  com- 
parative freedom  from  the  kind  of  injuries  which  commonly  produce  dislocation. 

About  three-fourths  of  hip  dislocations  are  posterior  to  the  vertical  plane 
passing  through  the  centre  of  the  acetabulum,  but  the  occurrence  of  these  second- 
ary positions  is  no  criterion  for  the  determination  of  the  relative  frequency  of 
the  various  primary  displacements.  The  weight  of  the  leg  and  thigh  acting  with 
such  great  leverage  is  sufficient  alone  notably  to  change  the  position  of  the  head 
of  the  femur  after  it  passes  through  the  rent  in  the  capsule. 

Comparatively  few  cases  of  dislocation  of  the  hip  have  come  to  autopsy  in 
such  wise  as  to  determine  the  position  of  the  rent  in  the  capsule  and  thereby  the 
point  of  the  rim  of  the  acetabulum  where  the  head  of  the  femur  passed  over. 
There  is  evidence,  however,  that  the  rent  in  the  capsule  may  be  at  almost  any 
point,  although  it  naturally  might  be  expected  to  avoid  the  region  of  great  thick- 
ening of  the  capsule  known  as  the  ilio-femoral  Y-Iigament  or  Bertin's  ligament. 
The  fact  that  this  band  is  rarely  torn  has  long  been  known,  but  to  Bigelow  is 
due  the  credit  of  demonstrating  its  importance  in  relation  to  dislocation,  in  the 
determination  of  secondary  positions,  and  in  the  manoeuvres  looking  to  re- 
duction. The  thinnest  and  therefore  weakest  part  of  the  capsule  is  its  lower 
portion,  and  here  too  the  rim  of  the  acetabulum  is  absent.  The  opposite  or  upper 
and  posterior  portion  of  the  rim  of  the  acetabulum,  being  highest,  most  readily 
offers  bony  resistance  and  in  certain  positions  of  the  thigh  forms  a  fulcrum 
whereby  the  head  of  the  femur  is  forced  out  through  the  lower  or  weaker  portion 
of  the  capsule. 

The  rent  in  the  capsule  may  be  of  various  forms,  from  a  simple  longitudinal 
slit  to  a  total  transverse  tearing  off  of  the  capsule  from  the  acetabular  rim  or 
from  the  neck  of  the  femur.  The  most  common  form  is  a  triangular  rent  with 
the  lower  portion  of  the  acetabulum  for  the  base,  and  the  neck  of  the  femur  for 
the  apex.  The  untorn  portions  of  the  capsule  are  not  likely  to  present  any  con- 
siderable resistance  to  reduction  in  recent  dislocations,  except  in  those  cases 
where  the  capsule  is  torn  completely  across  and  the  portion  attached  to  the  os 
innominatum  is  folded  across  the  acetabulum.  From  the  manner  of  production 
of  such  rents  in  the  capsule  transverse  tears  are  nearly  always  near  the  edge 
of  the  acetabulum  and  therefore  not  likely  to  leave  fragments  long  enough  to 
fold  into  the  joint. 

Dislocation  of  the  hip  occurs  clinically  for  the  most  part  by  leverage,  in  the 
exaggeration  of  certain  normal  movements  of  the  joint,  in  which,  after  the 
resistance  of  the  opposing  muscles  is  overcome,  bony  contact  ensues  and  a  fulcrum 
is  developed.  Additional  movement  in  the  given  direction  then  lifts  the  head 
of  the  femur  out  of  the  acetabulum  and  forces  it  out  through  the  capsule  on 
the  opposite  side. 
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Of  the  simple  rotations  in  frontal  and  lateral  planes,  flexion,  extension,  ad- 
duction and  abduction,  the  last  is  the  only  one  in  which  a  bony  fulcrum  is  de- 
veloped, and  that  only  after  the  adductor  muscles  have  been  stretched  or  torn. 
Flexion,  after  being  more  or  less  arrested  by  contact  of  the  thigh  with  the  abdo- 
men, may  develop  a  fulcrum  on  the  pubic  tone,  but  as  this  is  at  a  considerable 
distance  from  the  head  of  the  femur  and,  as  the  point  of  impact  nith  the  shaft  is 
external  to  the  joint,  there  is  caused  a  certain  degree  of  rotation  inward,  thereby 
lessening  the  leverage  which  might  produce  dislocation.  Axial  rotations  much 
more  than  simple  flexions  bring  about  bony  contact  and  hence  play  an  important 
role  in  the  production  of  dislocations.  Especially  is  this  true  of  rotation  outward, 
because  the  plane  of  the  rim  of  the  acetabulum  "looks"  forward  as  well  as 
downward,  the  rim  being  higher  behind. 

In  different  positions  of  the  thigh,  in  thesense  of  flexion,  lx)th  the  range  of  axial 
rotation  and  the  points  of  arrest  vary.  For  example,  in  the  position  of  complete 
extension  rotation  outward  is  limited  by  contact  of  the  posterior  portion  of  the 
neck  of  the  femur  A\-ith  the  rim  of  the  acetabulum,  but  rotation  inward  is  hmited 
simply  by  tension  of  the  posterior  portions  of  the  capsule  (Lschio-femoral  Uga- 
ment).  On  the  other  hanil,  with  the  thigh  in  full  flexion,  rotation  outward  is 
limited  by  tension  of  the  upper  and  posterior  portions  of  the  capsule,  and  rotation 
inward  b}'  contact  of  the  anterior  portion  of  the  neck  of  the  femur  with  the  rim 
of  the  acetabulum.  Similarly,  with  adduction  no  bony  fulcrum  is  developed  as 
long  as  the  thigh  is  extended,  but  when  it  is  flexed  adduction  may  develop  a 
fulcrum  on  the  pubic  bone.  Thus,  with  the  thigh  in  extension,  abduction  and 
rotation  outward  favor  dislocation  forward  by  developing  a  fulcrum  posteriorly, 
while  in  flexion  adduction  and  rotation  inward  favor  dislocation  downward 
or  backward  for  the  same  reason. 

The  fulcrum  may  sometimes  be  the  ilio-femoral  ligament,  as  when  the  flexed 
thigh  is  strongly  rotated  outward.  The  ligament  is  tightly  wrapped  around 
the  neck  of  the  femur  and  furnishes  a  fixed  point  about  which  the  head  of  the 
femur  is  forced  upward  and  outward  through  the  upper  part  of  the  capsule. 

The  study  of  dislocations  of  the  femur  has  been  retarded  b}'  the  difficulties 
met  with  in  producing  dislocations  on  the  cadaver.  Until  Alhs  showed  that 
the  fault  lay  in  ineff^ective  fixation  of  the  pehds  efforts  in  this  direction  had  failed, 
except  where  preceded  by  section  of  the  capsule.  Allis,  after  fixing  the  pelvis, 
was  enabled  to  produce  dislocation  by  simple  abduction  and  by  other  manipu- 
lations, using  the  above  described  principles  of  leverage.  He  caUed  attention  to 
the  fact  that  the  forces  causing  dislocation  clinically  are  severe  and  generally 
sudden,  and  that  the  inertia  of  the  pelvis  and  rest  of  the  trunk  furnishes  the 
relative  fixity  of  the  pelvis  in  the  production  of  traumatic  dislocations. 

Longitudinal  thrust  is  often  combined  with  exaggerated  movement  of  the 
hip  and,  notvN-ithstanding  the  prominence  given  to  leverage  in  modern  theories, 
is  probably  not  infrequently  the  more  important  active  force  leading  to  dis- 
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location.  This  is  the  case  in  falls  forward  on  the  flexed  knee,  the  thigh  being 
flexed  and  adducted.  Experiments  on  the  cadaver  (Allis)  show  that  dislocation 
of  the  hip  can  be  easily  produced  by  making  a  longitudinal  thrust  on  the  flexed, 
adducted  and  inwardly  rotated  thigh.  Allis  is  of  the  opinion  that  a  very  large 
proportion  of  cases  of  backward  as  well  as  forward  dislocations  are  produced 
secondarily  by  extension  of  the  thigh  after  the  head  of  the  bone  has  been  forced 
out  of  the  acetabulum  through  the  cotyloid  notch  or  at  least  over  the  lower 
part  of  the  rim  of  the  acetabulum.  Certainly  the  success  of  the  common  manoeu- 
vres for  reducing  dislocations  tends  strongly  to  establish  this  idea  as  fact. 

Direct  violence  appKed  to  the  trochanter  doubtless  accounts  for  some  ex- 
ceptional cases  and  is  particularly  effective  when  the  blow  is  from  above  or  behind 
and  the  thigh  is  abducted,  for  then  there  is  little  I'esistance  to  the  passage  of  the 
head  of  the  femur  out  through  the  cotyloid  notch  or  over  the  lower  portion  of 
the  acetabular  rim. 

Dislocations  of  the  hip  are  always  severe  injuries  the  result  of  great  force, 
and,  since  this  may  not  all  be  expended  in  rupture  of  the  capsule,  much  damage 
may  be  done  the  neighboring  structures.  The  ligamentum  teres  is  practically 
always  torn  apart,  and  the  fibro-cartilaginous  rim  may  be  torn  ofT  more  or  less 
com_pletely.  The  obturator  muscles,  gemelli,  and  pyrif ormis  arc  frequently  torn. 
When  these  muscles  are  not  torn  the  stronger  ones  play  an  important  role  in 
determining  the  position  of  the  limb.  Bigelow  considered  especially  the  obtura- 
tor internus  in  this  regard,  as  its  outer  portion  is  largely  tendinous  and  very 
strong.  The  head  of  the  femur  may  escape  "below  the  tendon" and  be  forced 
up  behind  it.  If  at  the  same  time  the  leg  happens  to  be  extended,  making  tense 
the  hamstring  muscles,  the  head  of  the  femur  is  forced  backward,  causing  the 
sciatic  nerve  to  be  bent  sharply  about  the  neck  of  the  femur.  If  the  thigh  is  then 
adducted  and  brought  down,  perhaps  with  some  outward  rotation,  producing  a 
reversed  dorsal  dislocation,  the  head  of  the  bone  may  pass  upward  behind 
the  sciatic  nerve.  The  very  opposite  complication  may  arise  and  is  likely  to  be 
the  more  common  when,  in  a  dorsal  dislocation,  the  head  of  the  femur  is  brought 
down,  perhaps  in  the  manipulation  of  reduction,  and  made  to  pass  from  behind 
forward  around  and  beneath  the  sciatic  nerve.  This  occurred  in  a  case  seen  by 
Koons,  of  Philadelphia,  and  quoted  by  Allis.  In  a  case  in  the  practice  of  the  writer, 
a  powerful  young  man  had  been  swept  many  times  around  a  rapidly  revolving 
shaft,  his  whole  body  passing  through  a  space  of  nine  inches.  He  sustained  a 
dislocation  of  the  right  hip,  dislocation  of  both  knees,  and  fracture  of  one  tibia. 
The  right  sciatic  nerve  was  paralyzed  as  well  as  the  left  peroneal.  Reduction  was 
made  without  difficulty  by  Kocher's  method,  the  head  of  the  bone  slipping  into 
the  acetabulum,  but  the  thigh  could  not  be  extended  beyond  the  position  of 
one  hundred  and  thirty-five  degrees  (forty-five  degrees  of  flexion).  The  obstruc- 
tion was  probably  the  sciatic  nerve,  for,  after  reluxating  and  making  flexion,  ad- 
duction, and  then  external  rotation,  no  difl^culty  was  experienced  in  reducing 
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the  dislocation  a  second  time  by  the  manipulation  of  Kocher,  and  this  time 
there  was  no  impediment  to  extension.  At  present,  one  year  after  date  of  the  ac- 
cident, there  is  still  nearh'  complete  sciatic  parah'sis. 

In  machinery  accidents  where  movements  of  circumduction  have  taken  place, 
the  capsule  may  be  wrapped  around  the  neck  of  the  femur  or  it  may  be  torn 
completely  off.  Similarly,  the  sciatic  nerve  may  be  wTapped  around  the  neck  of 
the  femur  or  be  crushed  or  torn  in  loco  or  within  the  pelvis,  and  may  be  se- 
verely crushed  by  being  pinched  between  the  head  of  the  femur  and  the  edge 
of  the  sacrum  in  ischiatic  dislocation. 

In  a  few  cases  (9,  Stimson)  dislocation  of  the  hip  has  been  compound. 
They  were  all  cases  of  great  \'iolence,  about  evenly  divided  between  forward  dis- 
locations and  backward  dislocations,  several  of  them  the  result  of  direct  vio- 
lence. Seven  of  the  nine  died,  five  as  a  result  of  associated  injuries,  two  of 
sepsis.  In  several  the  head  of  the  femur  was  excised,  but  in  recent  cases  Stim- 
son is  inclined  to  think  the  removal  of  the  head  unnecessary. 

Many  classifications  of  dislocations  of  the  hip  have  been  suggested ;  some 
consider  only  the  position  of  rest  of  the  femur  while  others  take  into  account  the 
position  of  the  rent  in  the  capsule.  The  classifications  of  several  authorities  are 
given  below : — 

BiGELOW.  KOEXIG  AND  LoSSEN. 

1,  Dorsal  high.  1,  Backward  (iliac  and  ischiatic). 

2,  Dorsal  below  the  tendon.  2,  Forward  (suprapubic  and  infrapubic). 

3,  ThjToid.  3,  Supracotyloid. 

4,  Pubic  and  subspinous.  4,  Infracotyloid. 

5,  Anterior  oblique. 

6,  Supraspinous. 

7,  Everted  dorsal. 


Stimson. 


Allis. 


j  iliac. 


1,  ThjToid  or  inward.  Backward -<    °'^*      <  ischiatic 

a,  low.  (  everted  dorsal. 

6,  middle.  t-w  j      j  •  j  i  obturator. 

u,  luiuuic  Downward  and  inward  -'. 

c,  high.  I  perineal. 

d.  reversed.  (  ilio-pectineal. 

2,  Dorsal  or  outward.  Forward  and  upward  (suprapubic)  <  pubic. 

a,  low.  (  intrapelvic. 

b,  high.  Upward  (supracotyloid  or  subspinous). 

c,  reversed.  Downward  on  tuberosity  of  ischium. 

It  would  seem  that  the  classification  of  Allis  has  some  advantages,  at  least 
as  regards  simplicity  and  because  the  primary  divisions  are  determined  by  a 
natural  distinction  between  the  anterior  or  inner  and  the  posterior  or  outer 
surfaces  of  the  os  innominatum,  which  are,  roughly  speaking,  planes  intersecting 
on  the  line  passing  thi-ough  the  anterior  superior  spine  of  the  ilium  and  the  centre 
of  the  acetabulum.  The  purely  upward  and  do\sTiward  dislocations  are  omitted 
from  Allis's  classification.     If  the  head  of  the  femur  comes  to  rest  on  the  line 
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joining  the  anterior  superior  spine  of  the  ilium  with  the  centre  of  the  acetabulum 
above  or  below,  it  is  in  more  or  less  unstable  equilibrium  and  may  be  displaced 
by  slight  rotary  force.  Practically  all  the  cases  can  be  described,  so  far  as  any 
clinical  purpose  is  concerned,  as  high  or  low  forward  or  backward  dislocations, 
more  particularly  so  when  by  this  means  can  be  indicated,  more  or  less  accu- 
rately, the  relation  to  the  primary  positions.  It  is  important,  with  reference  to 
means  of  reduction,  to  note  that  a  primary  forward  dislocation  may  be  trans- 
formed into  a  backward,  and  vice  versa. 

By  "reversed  dorsal"  dislocation  Allis  would  designate  Bigelow's  "everted 
dorsal"  and  by  "reversed  thyroid"  a  forward  dislocation  which  has  undergone 
so  great  a  degree  of  rotation  outward  that  the  head  of  the  femur  has  passed  up- 
ward over  the  pubic  bone  and  lies  anywhere  from  the  inguinal  region  to  the 
dorsum  of  the  ilium. 

Dislocations  Backward. — Dislocations  of  the  femur  backward  are  most 
often  the  result  of  flexion  and  adduction  with  more  or  less  rotation  inward,  per- 
haps with  added  thrust.  The  point  of  laceration  of  the  capsule  depends  some- 
what on  the  degree  of  flexion ;  the  more  complete  the  flexion  the  lower  the  rent. 
With  maximum  flexion  the  head  of  the  bone  is  apt  to  pass  into  the  sciatic  notch. 

The  total  range  of  positions  which  the  head 
of  the  femur  may  occupy  is  less  than  is  com- 
monly supposed,  being  only  from  about  the 
level  of  the  spine  of  the  ischium  to  near  the 
summit  of  the  great  sciatic  notch. 

The  characteristic  deformity  of  rotation 
inward  is  dependent  on  the  persistence  of  the 
outer  portion  of  the  ilio-femoral  ligament. 
If  this  is  torn  the  rotation  inw^ard  disappears. 
The  thigh  is  held  in  elastic  tension,  is  ad- 
ducted  and  more  or  less  flexed,  the  ball  of 
the  foot  commonly  resting  on  the  dorsum  of 
the  opposite  foot.  The  lower  the  position 
of  the  head  of  the  femur  the  greater  the  de- 
gree of  flexion  and  the  more  marked  the 
adduction,  until,  when  the  head  rests  on  the 
ascending  ramus  of  the  ischium  (infracotyloi- 
dean  luxation),  there  is  more  or  less  abduc- 
tion. The  movements  permitted  are  further  flexion  and  adduction,  but  other 
motions  are  resisted. 

Except  in  very  low  positions  of  the  femur  there  is  shortening,  which  in  exag- 
gerated cases  may  amount  to  as  much  as  4  or  5  cm.  (If  or  2  in.).  The  degree  of 
shortening  is  difficult  to  estimate  because  of  the  adduction  and  flexion  defor- 
mity, but  for  purposes  of  diagnosis  is  not  of  great  importance.    The  trochan- 


FiG.  40. — Dislocation  of  the  Head  of 
the  Femur  on  to  the  Ilium.  (After 
Helferich.) 
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ter  lies  above  Nekton's  line,  but  because  of  the  obliquity  of  this  line  the  rotation 
inward  lessens  the  height  of  the  trochanter  above  it. 

In  not  too  fat  subjects  the  head  of  the  femur  can  be  felt  beneath  the  gluteal 
muscles,  especially  if  the  thigh  be  rotated  back  and  forth, 
and  its  absence  from  the  joint  is  manifested  by  lessened 
resistance  to  deep  presssure  in  the  groin  as  compared  with 
the  sound  side. 

In  ischiatic  luxations  rotation  inward  is  perhaps  less 
marked  than  in  iliac.  The  head  of  the  femur  is  more 
difficult  to  be  felt  and  the  trochanter  is  little  if  at  all 
above  Nelaton's  line.  Flexion  is  greater  and  adduction 
generally  so,  but  rotation  inward  is  apt  to  be  less  marked 
than  in  iliac  dislocations. 

In  the  "reversed  dorsal"  dislocations  the  outer  por- 
tion of  the  ilio-femoral  ligament  is  quite  sure  to  be  torn, 
after  which  eversion  may  take  place  with  little  resistance. 
The  head  of  the  femur  may  lie  as  far  forward  as  the  an- 
terior border  of  the  ilium  (subspinous  dislocation),  or 
even  farther  forward  and  higher  (anterior  oblique  dislo- 
cation). 

The  symptoms  may  differ  from  those  of  the  typical 
iliac  dislocation  only  in  the  greater  or  less  degree  of  ro- 
tation outward  that  may  be  present,  but  the  head  of  the 
femur  may  pass  far  enough  forward  for  the  thigh  to 

be  extended  and  even 
somewhat     abducted. 

In  the  latter  case  shortening  is  much  more 
evident. 

In  a  case  of  infracotyloidean  dislocation 
reported  by  Wendel  (Deut.  Ztschr.  /.  Chir., 
LXXXI.)  the  head  of  the  femur  came  to 
rest  on  the  flat  surface  of  the  ischium  just 
beneath  the  acetabulum,  the  diagnosis  being 
verified  by  radiographs.  The  thigh  was  flexed 
forty-five  degrees,  abducted,  and  held  in  elas- 
tic tension  midway  between  rotation  out- 
ward and  rotation  inward.  Wendel  was 
able  to  collect  fourteen  similar  cases  from  the 
literature. 

Treatment. — Perhaps  in  the  reduction  of  dislocation  of  the  hip,  more  than  in 
that  of  other  joints,  the  advantages  of  general  anaesthesia  are  manifest.  Here  the 
weight  of  the  limb,  the  great  power  of  the  muscles,  the  tension  of  untorn  portions 


Fig.  41.  —  Dislocation 
of  the  Head  of  the  Femur 
on  to  the  Ilium.  Position 
maintained  by  the  affect- 
ed limb  when  the  patient 
is  in  a  standing  ix)sture. 
(After  Helferich.) 


Fig.  42. — Dislocation  of  the  Head  of 
the  Femur  on  to  the  Ischium.  (After 
Helferich.) 
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of  the  capsule,  the  inflammation  and  pain  consequent  on  the  severity  of  the  in- 
juiy,  all  tend  to  make  the  operation  of  reduction  a  painful  one.  Involuntary 
as  well  as  voluntary  contraction  of  the  muscles  is  inevitable  and  adds  greatly 
to  the  difficulty  of  reduction. 

Some  dislocations,  especially  in  children,  can  be  reduced  by  longitudinal  trac- 
tion in  moderate  abduction,  with  manual  lifting  of  the  head  of  the  femur  over  the 

rim  of  the  acetabulum.  But,  as  said  above,  sur- 
gery owes  to  Bigelow,  of  Boston,  the  principle  of 
utilizing  the  untorn  portion  of  the  capsule  as  a 
fulcrum  in  the  reduction  of  dislocation  of  the  hip. 
From  the  nature  of  the  case  the  portion  of  the 
capsule  which  is  least  frequently  torn  is  the  ilio- 
femoral ligament.  Bigelow  reduced  backward  dis- 
locations of  the  hip  by  a  process  of  circumduc- 
tion, the  flexed  knee  being  forced  in  a  direction 
opposite  to  that  desired  for  the  head  of  the  femur; 
i.e.,  the  leg  being  flexed  to  a  right  angle  to  relax 
the  hamstring  muscles  and  to  furnish  an  efl'ective 
lever  by  which  the  thigh  can  be  controlled,  partic- 
ularly in  the  matter  of  rotation,  and  grasped  at 
ankle  and  upper  calf,  the  thigh  is  flexed,  rotated  in- 
ward, and  adducted  and  then  circumducted  inward, 
upward,  and  outward,  the  rotation  inward  being  maintained.  When  by  this 
means  the  head  of  the  femur  is  brought  down  to  approximately  the  point  where 
it  passed  over  the  rim  of  the  acetabulum,  the  thigh  is  rotated  outward  and  ex- 
tended. The  ilio-femoral  ligament  is  thereby  made  tense  and  great  power  is 
developed,  tending  to  force  the  head  of  the  femur  upward  over  the  rim  of  the 
acetabulum,  which  may  be  materially  aided  by  an  upward  jerk  of  the  bone, 
the  pelvis  of  course  being  fixed.  In  the  manipulations  for  reducing  a  disloca- 
tion of  the  hip  it  is  well  to  remember  that  the  inner  aspect  of  the  knee  "looks" 
substantially  in  the  same  direction  as  the  head  of  the  femur.  The  rule,  as  more 
often  laid  down,  is  as  follows: — Flex  the  leg  on  the  thigh  and  the  thigh  on  the 
pelvis  to  a  right  angle,  maintaining  the  present  rotation  inward  and  abduction; 
raise  the  limb  quickly  upward,  and  then,  if  need  be,  employ  abduction,  outward 
rotation,  and  extension.  When  the  limb  is  raised  upward,  reduction  may  ensue, 
especially  if  a  beginning  has  been  made  to  abduct  the  limb  and  to  rotate  it  out- 
ward. If  reduction  does  not  follow,  it  is  better  to  try  again  in  the  same  manner, 
but  with  increased  force,  than  to  push  the  extension  of  the  limb  any  farther; 
but,  if  reduction  take  place,  then  the  limb,  rotated  outward,  should  be  carried 
to  the  side  of  its  fellow. 

Bigelow 's  method  of  reducing  backward  dislocations  of  the  hip  has  become 
classical,  but  it  is  still  open  to  objections.     One  objection  on  mechanical  grounds 


Fig.  43. —  Dislocation  of  tlie 
Head  of  the  Femur  on  to  the 
Ischium.  Position  maintained  by 
the  affected  limb,  when  the  patient 
is  in  the  recumbent  posture. 
(After  Helferich.) 
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is  that  sufficient  force  has  to  be  developed,  by  the  rotation  outward  and  exten- 
sion, to  force  the  head  of  the  femur  up  an  inclined  plane,  the  line  of  trac- 
tion on  the  fulcrum  (the  ilio-femoral  ligament)  lying  nearly  at  right  angles  to 
this  plane.  Furthermore,  with  the  patient  lying  on  his  back,  the  force  required 
is  still  greater  in  order  to  overcome  the  weight  of  the  limb. 

More  modern  methods  (Kocher,  Allis)  endeavor,  by  seeking  a  favorable  posi- 
tion of  the  limb,  to  relax  all  the  structures  about  the  hip,  and  by  traction  in  the 
axis  of  the  thigh  to  overcome  its  weight. 

The  patient  is  placed  on  a  low  table  or,  preferably,  directly  on  the  floor,  and  the 
pelvis  is  fixed  by  the  hands  of  assistants  or  (Allis)  by  bandages  or  swathes  threaded 
through  hooks  screwed  into  the  floor 
and  passed  around  the  pelvis.  The 
thigh  is  then  flexed,  more  or  less  ad- 
ducted,  and  rotated  inward  to  relax 
the  capsule  and  the  muscles,  and 
traction  is  made  forward,  i.e.,  direct- 
ly upward  from  the  floor.  At  this 
time  traction  downward  and  out- 
ward is  of  aid  and  may  be  made  by 
an  assistant  pulling  on  a  swathe 
passed  about  the  upper  part  of  the 
thigh.  The  degree  of  adduction, 
flexion,  and  rotation  inward  neces- 
sary^ will  var>'  with  individual  cases 
according  to  the  site  and  extent  of 
the  rent  in  the  capsule,  and  a  little 
careful  study  and  search  for  the  rent 
without  the  use  of  much  force  wiU 
be  well  rewarded. 

Stimson  places  the  patient  face 
downward  on  a  table  with  the  in- 
jured thigh  hanging  off  the  end; 
flexes  the  leg  to  a  right  angle,  where 
it  is  held  until  muscular  relaxation  ensues,  when-  the  head  of  the  bone,  with- 
out special  aid  other  than  that  of  slight  rocking  and  rotation,  goes  into  place. 
It  may  be  necessary,  however,  to  supplement  the  weight  of  the  limb  by  that 
of  a  small  sand  bag  placed  at  the  knee  or  by  downward  pressure  suddenly  ap- 
plied at  the  same  place.  Aniesthesia  may  not  be  required.  Stimson  has 
practised  this  method  "for  many  years'' with  gratifjing  success.     (Fig.  44.) 

After  reduction  the  patient  should  be  kept  in  bed  for  two  weeks  or  longer. 
If  there  is  a  manifest  tendency  to  recurrence  it  should  be  combated  by  abduc- 
tion and  rotation  outward,  or  perhaps  better  by  fixation  in  a  plaster-of-Paris 


Fig.  44. — Stimson's  Method  of  Reducing  Dis- 
locations of  the  Hip. 
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Fig.  45. — Dislocation  of  the  Head  of 
the  Femur  on  to  the  Pubes.  (After 
Helferich.) 


spica.     If  there  is  fracture  of  the  upper  portion  of  the  rim  of  the  acetabulum, 
traction  should  be  employed  for  some  weeks. 

Dislocations  Forward. — From  experiments  on  the  cadaver  and  cUnical  ob- 
servation, dislocation  forward  is  apparently 
caused  by  excessive  abduction  in  either  flexion 
or  extension,  or  by  a  blow  from  above  and  be- 
hind when  the  thigh  is  in  abduction.  It  is 
about  one-third  as  frequent  as  dislocation 
backward.  In  low  anterior  position  of  the 
head  of  the  femur  (luxatio  obturatoria)  the 
latter  lies  beneath  the  adductors  and  obtura- 
tor externus  and  the  trochanter  nearly  in  the 
acetabulum.  The  limb  is  held  in  elastic  tension 
by  the  spastic  adductor  muscles  and  the  upper 
untorn  parts  of  the  capsule,  especially  the 
ilio-f  emoral  ligament.  Bigelow  showed  that  the 
rotation  outward  is  large- 
ly determined  by  the 
persistence  of  the  inner 
portion  of  the  ilio-f  emoral 
ligament.  The  thigh  is 
flexed,  abducted,  and  rotated  outward.  There  is  nearly 
always  more  or  less  shortening;  though,  as  in  dislocations 
backward,  this  is  difficult  to  estimate  accurately  because  of 
the  difficulty  of  putting  the  two  thighs  into  symmetrical 
positions;  but,  when  they  are  thus  placed,  apparent  length- 
ening may  be  found. 

Since  the  length  of  a  lower  limb  is  measured  from  the 
anterior  superior  spine  of  the  ilium  to  the  inner  malleolus, 
or,  perhaps  better,  in  the  measurement  of  the  femur  to  the 
adductor  tubercle,  it  will  be  lessened  by  any  movement  of 
the  femur  upward  in  the  plane  passing  through  the  three 
points — the  anterior  superior  spine,  the  head  of  the  femur, 
and  the  adductor  tubercle,,  because  thereby  the  angle 
between  the  axis  of  the  femur  and  the  line  joining  the 
head  of  the  femur  with  the  anterior  superior  spine  is  made 
less  obtuse.  The  opposite  movement  will  cause  lengthen- 
ing. When  the  head  of  the  femur  is  in  the  acetabulum 
the  plane  mentioned  is  slightly  oblique,  being  tilted  out- 
ward, from  which  it  follows  that  maximum  shortening  is  produced  by  flexion 
with  slight  abduction.  If  the  head  of  the  femur  be  on  the  dorsum  of  the  ilium 
this  plane  is  very  oblique,  or  even  rotated  ninety  degrees,   in  which  position 


Fig.  46. — Dislocation 
of  the  Head  of  the  Fe- 
mur on  to  the  Pubes. 
Position  maintained  bj' 
the  affected  limb  when 
the  patient  is  in  a  stand- 
ing posture.  (After 
Helferich.) 
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Fig.  47. — Dislocation  of  the  Head  of  the 
Femur  into  the  Obturator  Foramen. 
(After  Helferich.) 


shortening  is  very  marked.  If  the  head  be  below  and  in  front  of  the  acetabulum 
as  in  thyroid  dislocations,  this  plane  is  much  more  inclined  outward,  hence  the 
maximum  shortening  will  be  found  in  flexion  and  abduction.  Since  this  is  the 
precise  position  of  the  thigh  in  thyroid  dislocations,  there  is  invariably  short- 
ening of  the  limb  in  all  these  dislocations. 
Adduction  of  the  sound  limb,  however,  so 
far  compensates  for  the  abcluction  of  the 
dislocated  limb  as  to  make  the  two  parallel, 
rendering  evident  thereby  an  apparent 
lengthening  of  the  dislocated  limb.  This 
apparent  lengthening,  however,  is  less  than 
would  occur  in  a  normal  individual  \s-ith  the 
same  degi'ee  of  abduction. 

The  head  of  the  femur  lying  beneath  the 
adductor  muscles  and  being  further  resisted 
by  the  obturator  membrane  together  with 
the  ramus  of  the  pubic  bone  in  "low  thy- 
roid" dislocations,  the  weight-bearing  func- 
tion is  retained  and  the  patient  can  walk 
very  much  better  than  is  possible  in  other 
dislocations  of  the  hip. 
In  high  forward  dislocations  the  head  of  the  femur  finds  less  rigid  resistance 
to  upward  thrust,  and  the  ability  of  the  patient  to  walk  is  correspondingly  less. 
The  thigh  is  relativel}'  more  movable  and  lies  in  lessening  degrees  of  flexion  and 
abduction,  the  higher  the  head.  Rotation  outward  is  always  marked,  and  the 
head  of  the  femur  can  be  felt  or  even  be  located  by  the  eye  by  the  bulging  in  the 
groin.  In  a  few  cases  the  head  of  the 
femur  has  been  known  to  slip  beneath 
Poupart's  ligament  or  tear  it  across  and 
become  hooked  over  the  horizontal 
ramus  of  the  pubic  bone  (intrapelvic 
dislocation) .  In  this  form  of  dislocation 
the  thigh  is  extended,  but  is  neither 
markedly  abducted  nor  everted.  The 
laceration  of  the  capsule  must  be  ex- 
treme to  permit  of  such  position  of 
the  head  of  the  femur,  and  the  posi- 
tion of  the  limb  in  the  sense  of  rotation 
will  be  determined  in  particular  cases  by  the  portions  of  the  capsule  which 
remain  intact. 

In  reversed  thyroid  dislocation  the  eversion  may  be  so  great  that  the  foot 
points  backward.    As  can  be  readily  understood,  the  ilio-femoral  ligament  simply 
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Fig.  48. — Dislocation  of  the  Head  of  the  Fe- 
mur into  the  Obturator  Foramen.  Position 
maintained  by- the  affected  limb  when  the  patient 
is  in  the  recumbent  posture.     (After  Helferich. ) 
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serves  to  keep  the  anterior  portions  of  the  neck  of  the  femur  at  a  constant  distance 
from  the  pelvic  attachment  of  the  ligament.  The  thigh,  being  without  other 
restraint,  in  this  dislocation,  is  susceptible  of  a  wide  range  of  mobility. 

In  a  few  rare  cases  occurring  with  a  high  degree  of  flexion  and  probably  also 
with  forcible  longitudinal  thrust,  the  head  of  the  femur  passes  internally  to  im- 
pinge upon  the  ascending  ramus  of  the  pubic  bone  or  slips  over  it  into  the  peri- 
neum. Perineal  dislocation  is  accompanied  with  great  laceration  of  the  capsule 
and  is  to  be  looked  upon  as  an  exaggeration  of  a  low  thyroid  or  obturator  dis- 
location. It  is  somewhat  comparable  to  luxatio  erecta  in  the  shoulder.  The 
thigh  is  strongly  flexed  and  abducted.  The  head  of  the  femur  can  be  felt  in  the 
perineum.  Most  of  the  cases  of  compound  dislocation  of  the  hip  arc  of  this 
variety. 

Treatment. — In  general,  forward  (thyroid)  dislocations  of  the  hip  are  to  be 
reduced  by  a  manipulation  very  much  the  opposite  of  that  used  in  backward 
dislocations.  The  thigh  is  flexed  toward  a  perpendicular  and  abducted  a  little 
so  as  to  free  the  head  of  the  bone ;  it  is  then  rotated  strongly  inward  and  after- 
ward adducted,  and  the  knee  is  carried  to  the  floor.  (Bigelow.)  If,  after  the 
preceding  adduction,  the  limb  be  rotated  outward  and  immediately  afterward 
circumducted  outward,  upwartl,  and  inward,  then  by  extension  and  rotation 
inward  reduction  should  be  effected.  Or  the  rule  may  be  briefly  stated  as 
follows : — Flex  the  leg  on  the  thigh  and  the  thigh  on  the  pelvis  to  a  right  angle, 
continuing  the  present  abduction  and  outward  rotation ;  make  upward  traction 
on  the  flexed  limb  and  then  afterward  resort  to  abduction,  outward  rotation, 
and  extension  of  the  limb.  As  in  backward  dislocations,  the  particular  position 
of  the  rent  in  the  capsule  is  of  practical  importance,  and  painstaking  search  should 
be  made  to  determine  it.  Care  should  be  exercised  not  to  carry  out  the  above 
manipulation  so  literally  as  to  force  the  head  of  the  femur  below  and  around  the 
acetabulum,  by  which  the  forward  dislocation  will  be  transformed  into  a  back- 
ward. When  the  head  of  the  femur  has  been  gotten  into  the  position  in  which  it 
left  the  acetabulum,  traction  may  be  made  in  the  direction  of  the  shaft  of  the  fe- 
mur and  also  outward  and  downward  by  a  narrow  swathe  passed  around  the 
upper  part  of  the  flexed,  abducted,  and  outwardly  rotated  thigh,  by  which  the 
head  may  be  lifted  over  the  acetabular  rim. 

Allis,  after  fixing  the  pelvis  to  the  floor,  pulls  the  head  of  the  femur  outward 
above  the  acetabulum,  fixes  the  head,  pushes  the  knee  of  the  injiu'ed  side  toward 
the  sound  one,  and  extends  the  femur. 

Kocher  flexes  the  thigh  to  a  right  angle  with  the  pelvis,  maintaining  the 
abduction  and  outward  rotation  as  found ;  after  which  he  makes  upward  trac- 
tion and  then  inward  rotation,  thus  bringing  the  head  of  the  bone  into  place. 

If  the  rent  in  the  capsule  is  high,  as  in  ilio-pubic  dislocation  (Busch),  inward 
rotation  of  the  flexed  thigh  and  outward  lateral  traction  followed  by  adduction 
most  nearly  meet  the  indications. 
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Indi\'idual  cases  require  special  investigation  to  determine  the  primary  posi- 
tion of  the  head  of  the  femur,  for  the  successful  manipulation  of  reduction  depends 
more  on  that  than  on  the  more  varied  secondary  positions. 

Other  forms  characterized  by  upward  and  forward  and  inward  and  forward 
displacement,  especially  the  ileo-pectineal,  pubic  and  intrapehic  kinds,  can  be 
reduced  by  various  atypical  manipulations:  steady  longitudinal  and  lateral  or 
downward  traction  on  the  thigh  as  it  is  brought  from  a  position  of  extension 
and  abduction  to  one  of  flexion  and  adduction  will  meet  the  indications  in 
some  cases;  moderate  flexion,  adduction,  and  traction  downward  will  succeed 
in  others. 

Treatment. — The  following  is  substantially  Kocher's  method  of  practice: 
Make  longitudinal  traction  of  the  hmb  as  it  is  found,  to  bring  the  head  of  the 
femur  below  the  brim  of  the  pelvis — this  traction,  if  it  fails,  to  be  aided  by  in- 
creased extension,  abduction,  and  outward  rotation,  thus  rendering  tense  the 
posterior  portion  of  the  capsule  and  at  the  same  time  making  its  point  of  at- 
tachment the  centre  for  the  motions  which  should  next  be  carried  out.  Place 
the  hand  upon  the  head  of  the  femur  to  prevent  its  return  upward  as  the  thigh 
is  flexed  to  less  than  a  right  angle  to  relax  the  Y-ligament.  (Further  flexion 
would  bring  undue  strain  on  the  posterior  part  of  the  capsule.)  Sometimes 
reduction  is  thus  effected,  but  rotation  outward  may  be  needed  to  secure  the 
desired  result. 

Old  Unreduced  Dislocations. — It  is  not^jo.?sible  to  lay  dovra  rules  of  very 
wide  application  in  the  treatment  of  old  unreducetl  dislocations  of  the  hip,  for 
the  variations  of  conditions  presented  by  different  cases  are  so  great  as  to  require 
that  the  indications  for  treatment  be  worked  out  for  each  case  individually.  In 
mam'  cases  a  sort  of  new  joint  is  eventually  formed,  especially  in  iliac  dislocations, 
which  gives  a  considerable  range  of  motion  with  fair  support.  At  the  oppo- 
site extreme  is  complete  bony  ankylosis  which,  in  case  the  position  is  not  too 
bad,  will  give  such  useful  supporting  function  as  to  contra-indicate  operative 
treatment. 

From  the  nature  of  the  case  the  means  required  for  reducing  an  old  disloca- 
tion of  the  hip  must  be  severe,  and  reduction  is  not  to  be  undertaken  unless  well 
warranted  by  the  suffering  of  the  patient.  The  great  force  necessary  for  over- 
coming the  shortening  of  the  muscles,  fascias,  and  ligaments,  for  tearing  apart 
the  healed  rent  in  the  capsule,  which  is  apt  to  have  contracted  about  the  neck 
of  the  femur,  and  for  breaking  up  old  adhesions,  is  likely  to  do  great  damage. 
Vessels  may  be  torn  or  lacerated  in  such  wise  as  to  cause  obstruction  to  the 
blood  supply  to  the  limb  and  thus  produce  gangrene,  or  nerves  may  be  lacerated 
or  stretched  sufficiently  to  cause  paralysis,  more  or  less  permanent,  and  the  bone 
may  be  fractured — the  neck  or  head  of  the  femur  or  the  rim  of  the  acetabulum. 

On  the  other  hand,  reduction  has  been  accomplished  in  reported  cases  as  long 
as  six  months  after  dislocation,  with  complete  restoration  of  function. 
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Sufficient  loss  of  function  to  incapacitate  the  patient,  severe  pain  from  press- 
ure of  the  head  of  the  femur  on  some  nerve  (sciatic),  severe  and  unsightly  de- 
formity from  malposition,  would  be  admitted  by  all  as  indicating  operative 
treatment.  The  difficulty  of  decision  will  occur  when  the  function,  the  suffering, 
and  the  deformity  are  less  than  this. 

The  choice  of  operative  procedure  lies  between  manipulative  reduction, 
transposition  of  the  head  of  the  femur  to  some  point  more  favorable  for  function, 
as  in  the  Lorenz  operation  in  congenital  dislocation,  reduction  by  open  incision, 
and,  finally,  resection. 

Manipulative  reduction  should  not  be  attempted,  at  least  with  much  force, 
except  in  fairly  recent  cases,  and  should  be  preceded  by  thorough  breaking  up  of 
adhesions  and  stretching  of  contracted  tissues.  Sometimes  it  is  of  value  to 
cut  the  adductors.  Continuous  traction  by  weight  and  pulley  for  some  days 
may  assist  in  lessening  muscular  resistance.  In  general,  the  same  manipula- 
tion'should  be  employed  as  described  above  for  the  corresponding  acute  dis- 
location. In  case  of  fracture  of  the  femur  in  the  manipulation  or  previously, 
it  is  probably  better  to  remove  the  head  of  the  bone  than  to  attempt  to  pull  it 
into  place  and  fasten  it  by  nail  or  staple  to  the  neck  of  the  bone,  but  the  surgeon 
should  use  his  judgment  in  this  matter  when  the  joint  is  open,  for  if  there  be 
preserved  some  capsular  attachment  to  the  fragment,  especially  the  fold  of 
Amantini,  fixation  of  the  head  by  a  nail  or  screw  driven  through  the  trochanter 
may  succeed  in  bringing  about  bony  union. 

The  dangers  of  open  operation  are  chiefly  those  of  infection.  There  are  practi- 
cal difficulties  in  the  way  of  efficiently  sterlizing  a  wide  enough  area  about  the 
site  of  operation,  and  even  after  contracted  tissues  are  cut  there  is  still  required 
a  great  deal  of  manipulative  force  to  get  the  head  of  the  femur  into  the  acetabu- 
lum, and,  besides,  the  fingers  arc  in  the  wound  much  of  the  time.  If  gloves  are 
worn  they  are  very  likely  to  be  torn. 

Hoeflingcr  (Inaug.  Diss.,  Bern,  1900)  reported  three  cases  and  collected 
thirty-seven  from  the  literature,  of  which  twenty-four  were  subjected  to  arthrot- 
omy  and  sixteen  to  resection.  In  two  in  which  operative  reduction  had  been 
performed,  resection  was  subsequently  required — in  one  for  poor  function,  in  the 
other  for  necrosis  of  the  head  of  the  femur.  Hoeflinger  concludes  from  a  study 
of  these  cases  that  operative  reduction  (arthrotomy)  is  to  be  considered  the  nor- 
mal procedure  in  irreducible  dislocation  of  the  hip,  since,  especially  in  young 
individuals,  it  gives  much  better  functional  results  than  resection.  In  more  than 
half  of  the  twenty-four  cases  a  normal,  or  at  least  a  good  functional,  result  was 
obtained.  There  is  a  choice  of  several  incisions:  Kocher's  behind,  Langen- 
beck's  over  the  trochanter,  etc. ;  but  Hoeflinger  would  give  the  preference  to 
the  temporary  resection  of  the  trochanter  of  von  Mikulicz  as  giving  best  access 
to  the  parts  with  least  traumatism.  The  adductor  muscles  may  have  to  be  cut 
(tenotomy),  the  capsule  freely  opened,  and  the  acetabulum   cleared  of  rem- 
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ints  of  capsule,  fibrous  masses,  or  fragments  of  bone.     Resection  should  be 

;rved  as  a  last  resort,  but  will  in  some  cases  give  useful  function.  In  older 
ises  in  which  other  attempts  have  failed,  Koenig  advises  osteotomy  as  an 
operation  which  will  improve  the  position  of  the  limb. 

Dislocations  of  the  Knee  Joint. — Notwithstanding  its  exposure  to  violence, 
le  knee  joint  is  not  frequently  dislocated,  doubtless  because  of  its  broad  articu- 
lar surfaces  and  its  remarkably  strong  Ugamentous  apparatus.  Malgaigne, 
however,  observed  eighty  cases  and  on  this  basis  worked  out  an  elaborate 
classification. 

Partial  dislocation  of  the  tibia  on  the  femur  may  be  produced  by  comparative- 
ly sHght  force,  but  complete  dislocations  are  severe  injiu"ies  accompanied  by  wide 
tearing  of  the  capsule  and  other  ligaments.  For  the  same  reason  complete  dis- 
locations of  the  knee  are  apt  to  be  complicated  with  fracture,  injury  of  the  semi- 
limar  cartilages,  the  popliteal  vessels,  nerves,  etc.,  and  may  be  compoimd.  The 
complications  are  much  more  likely  to  lead  to  serious  consequences  than  the 
dislocation  itself.  The  semilunar  cartilages  may  be  fractured  or  may  be  torn 
loose  and  displaced.  The  popliteal  vessels  may  be  torn  across,  giving  rise  to 
extensive  haematomata  and  to  gangrene  of  the  leg  from  destruction  of  the  blood 
supply.  Crushing  and  thrombosis  or  even  compression  if  continued  long  enough, 
as  in  delayed  reduction  of  a  dislocation,  may  lead  to  the  same  result.  Simple 
pressure  of  the  displaced  lower  end  of  the  femiu-  and  upper  end  of  the  tibia,  if 
permitted  to  continue  for  some  time,  may  cause  necrosis  of  the  tense  skin  and 
secondary  perforation,  with  all  the  dangers  of  infection  of  the  knee  joint.  Even 
aseptic  inflammation  and  swelling  confined  by  the  tense  skin  may  so  obstruct 
the  circulation  as  to  cause  gangrene  of  the  lower  leg.  The  deformity  presented 
by  complete  dislocation  of  the  knee  is  extreme  because  of  the  large  size  of  the 
lower  end  of  the  femur  and  the  upper  extremity  of  the  tibia. 

Dislocations  of  the  tibia  are  described  as  forward,  backward,  lateral,  and 
rotary  fright  and  left). 

Dislocation  forward  is  ordinarily  produced  by  hyperextension  and  might 
therefore  be  expected  to  be  more  frequent  than  backward  dislocation  because  of 
the  sharp  Hmitation  of  extension  of  the  normal  knee  joint,  while  flexion  is 
limited  only  by  contact  of  the  yielding  muscle  masses  of  the  ham  and  calf.  In 
hyperextension  the  posterior  and  crucial  ligaments  are  torn  and  the  rounded 
ends  of  the  femoral  condyles  pass  into  the  pophteal  space.  Subsequent  flexion 
forces  the  posterior  edge  of  the  upper  extremity  of  the  tibia  upward,  and  the  tibia 
lies  with  its  posterior  surface  in  contact  with  the  anterior  surface  of  the  femur. 
In  many  particulars  this  dislocation  is  comparable  to  the  corresponding  dis- 
location of  the  phalanges.  Dislocation  forward  has  also  been  caused  by  a  severe 
blow  on  the  lower  part  of  the  f emm*  from  in  front,  the  leg  being  fixed  or  its  inertia 
serving  as  fixation. 

The  leg  is  held  in  extension,  but  may  be  shghtly  flexed.     The  upper  end  of 
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the  tibia  is  prominent  and  its  articular  surface  may  be  made  out  by  palpation. 
There  is  a  concavity  above  in  which  the  patella  is  to  be  felt  higher  than  in  its 
normal  position  and  rotated  about  a  transverse  axis  and  capable  of  being  moved 
about.  The  condyles  of  the  femur,  covered  with  tightly  stretched  soft  parts, 
are  prominent  in  the  popliteal  region.  In  complete  dislocation  there  is  marked 
shortening  of  the  limb.  The  leg  has  a  considerable  degree  of  mobility  laterally, 
though  but  little  antero-posteriorly. 

Dislocations  of  the  tibia  backward  are  more  frequently  partial  and  for  the  most 
part  are  caused  by  blows  on  the  anterior  surface  of  the  tibia,  especially  when  the 
leg  is  flexed,  as  in  falls  on  the  bent  knees.  The  position  of  the  leg  varies  ac- 
cording to  whether  the  articular  surface  of  the  tibia  has  or  has  not  slipped  entirely 
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Fig.  49. — Incomplete  Dislocation  of  the  Tibia  Backward.     (After  Lejars.) 

off  the  condyles.  In  partial  dislocation,  therefore,  the  leg  is  more  or  less  flexed,  the 
femoral  condyles  are  prominent  in  front,  and  the  ligamentum  patellae  is  tightly 
stretched  between  them.  In  complete  backward  dislocations  the  leg  is  extended 
or  even  hyperextended,  the  condyles  are  prominent  as  before,  but  the  head  of  the 
tibia  is  much  more  prominent  posteriorly  than  in  partial  dislocations.  The 
patella  is  dragged  down  between  the  condyles.     There  is  marked  shortening. 

The  sharp  posterior  edge  of  the  upper  extremity  of  the  tibia  is  apt  to  crush 
or  lacerate  the  popliteal  vessels  or  nerves.  The  ligamentum  patella)  may  be 
ruptured,  but  is  more  commonly  torn  off  from  its  tibial  or  its  patellar  attachment. 
(Fig.  50.)     The  patella  may  be  fractured. 

Partial  lateral  dislocations  are  not  common,  but  complete  lateral  dislocations 
are  exceedingly  rare  and  are  severe  injuries  accompanied  by  extensive  laceration 
of  the  ligamentous  apparatus.  When  one  considers  the  fact  that  in  an  extended 
normal  adult  knee  there  is  practically  no  lateral  motion,  even  the  great  breadth 
of  the  articular  surfaces  and  the  extraordinary  strength  of  the  ligaments  would 
Bcem  scarcely  to  account  for  the  relative  infrequcncy  of  lateral  dislocations.  One 
must  look,  for  an  explanation,  to  the  protection  given  the  joint  by  flexion  in  mo- 
ments of  receiving  lateral  injury,  for  these  dislocations  occur  as  a  result  of  forced 
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Fig.  50. — Partial  Dislocation  of  the  Up- 
per End  of  the  Tibia  Backward,  with  Rupt- 
ure of  the  Patellar  Tendon.  View  taken 
from  the  outer  side  of  the  limb.  (Roentgen 
Department  of  Lane  Hospital,  San  Fran- 
cisco.) 


lateral  flexion  when  the  leg  is  locked  in  complete  extension.  If  the  knee  is  par- 
tially flexed  a  blow  on  the  side  of  the  knee  will  cause  the  whole  limb  to  be  rotated 
inward  or  outward  (adduction  or  abduction)  according  as  the  blow  is  received  on 
the  outer  or  the  inner  side  of  the  knee,  thus 
yielding  to  the  force  of  the  blow.  Because 
of  the  obtuse  angle  between  tibia  and  femur 
a  blow  on  the  outer  side  is  more  likely  to 
produce  rupture  of  the  opposite  lateral  liga- 
ments than  a  blow  of  equal  force  on  the  in- 
ner side.  This,  together  with  the  fact  that 
blows  are  more  frequently  received  on  the 
outer  side  than  on  the  inner,  would  seem 
to  accoimt  for  the  greater  frequency  of 
laceration  of  the  internal  lateral  ligaments. 
In  partial  lateral  dislocations  the  liga- 
ments on  the  side  of  the  convexity  are 
torn,  there  is  more  or  less  lateral  displace- 
ment of  the  head  of  the  tibia  to  that  side, 
and  there  is  also  slight  diastasis  of  the 
articular  surfaces.  (Fig,  51.)  There  is 
marked  increase  of  lateral  angular  mobility  in  the  direction  of  the  primary-  de- 
formity, i.e.,  toward  the  side  oi> 
posite  to  that  of  the  laceration 
of  the  ligaments.  In  disease  of 
the  knee  attended  with  flexion  at 
this  joint,  subluxation  with  ever- 
sion  of  the  foot,  due  to  contrac- 
tion of  the  external  hamstrings, 
i.s  of  common  occurrence. 

Treatment.  —  The  reduction  of 
recent  forward  dislocation  of  the 
knee  is  readily  effected  in  most 
cases  by  simple  manual  pressure, 
perhaps  with  moderate  traction. 
There  are  two  principal  methods 
for  this  manipulation :  one  by  flex- 
ion followed  by  longitudinal  trac- 
tion; the  other  (reversing  the 
mechanism  of  production  of  the 
dislocation)  by  hyperextension  and  forcing  the  head  of  the  tibia  do\\Tiward,  i.e., 
making  traction  in  the  line  of  the  femur,  completing  the  manoeu\Te  by  bringing 
the  tibia  down  to  the  straight  position.    Where  these  methods  do  not  succeed, 


Fio.  51.— Parti.-\1  Lateral  Dislocation  of  the  Tibia, 
Showing  Angular  Deformity  and  Lateral  Displace- 
ment. (Roentgen  Department  of  Lane  Hospital,  San 
Francisco.) 
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reduction  may  be  accomplished  by  section  subcutaneously,  or  by  open  incision 
of  the  edges  of  the  capsule,  with  enlargement  of  the  rent  through  which  the  end 
of  the  femur  passed.  It  is  scarcely  necessary  to  add  that  the  greatest  antiseptic 
precautions  are  to  be  taken  if  incision  be  made. 

Diastasis  or  separation  of  the  lower  epiphysis  of  the  femur  may  greatly  resemble 
dislocation  of  the  knee.  Although  such  injuries  are  more  properly  classed 
with  fractures  the  following  case  observed  by  Luxembourg  {Deut.  Zeit.  /.  Chir., 
July,  1907)  sufficiently  resembles  dislocation  to  warrant  its  description  here:— 

The  boy,  while  walking  along  a  country  road,  was  struck  by  a  heavily-laden 
truck  and  thrown  to  some  distance.  He  was  picked  up  in  an  unconscious  con- 
dition and  carried  immediately  to  the  hospital.    When  he  had  regained  con- 


Fio.  52. — a;-Ray  Picture  Showing  Complete  Separation  of  the  Lower  Epiphysis  of  the  Femur 
arid  Dislocation  of  the  Same  in  a  Lateral  (Outward)  Direction,  a,  Front  view;  b,  side  view.  (After 
Luxembourg,  in  tiie  Deutsche  Zeitschrift  fur  Chirurgie,  July,  1907.) 

sciousness  an  x-ray  photograph  of  the  injured  knee  (Fig.  52,  a  and  h)  was  taken, 
and  the  dislocation  was  reduced  under  anaesthesia.  At  the  end  of  six  weeks  the 
boy  was  dismissed  cured.  An  examination  made  about  six  months  later  showed 
that  the  cure  was  of  a  permanent  nature;  no  traces  of  the  injury  of  any  kind 
were  discovered. 

Dislocations  of  the  Upper  End  of  the  Fibula. — A  few  cases  are  on  record 
of  isolated  dislocation,  or  rather  diastasis,  of  the  upper  end  of  the  fibula.  It 
has  occurred  as  a  result  of  discrepancies  in  rate  of  growth  of  the  tibia  and 
fibula — i.e.,  where  the  more  rapid  growth  of  the  tibia  pulls  the  whole  fibula 
downward,  or  where,  in  case  of  retarded  growth  of  the  tibia  (osteomyelitis,  de- 
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struction  of  epiphyses),  the  more  rapid  gjowth  of  the  fibula  forces  the  head  of 
the  fibula  upward  and  outward  out  of  its  joint.  In  case  of  weakness  of  the  Mga- 
raents  of  the  tibio-fibular  joint  from  any  cause  (e.g.,  hydrops,  in  which  con- 
[dition  this  joint  in  fifteen  per  cent  of  cases  communicates  with  the  knee  joint) 
traction  of  the  biceps  may  pull  the  fibula  backward.  (Hirschberg,  Langen- 
heck's  Arch.,  XXXVII.)  True  traumatic  dislocation  of  the  upper  end  of  the 
fibula  may  occur  alone,  but  is  more  frequent  as  a  comphcation  of  fracture  of 
the  tibia  or  of  the  fibula. 

The  peroneal  nerve  is  apt  to  be  injured  and  in  consequence  there  is  more  or 
less  extensive  peroneal  paralysis.  The  most  marked  symptom  is  inability  to  ex- 
tend the  leg.  There  is  some  deformity,  and  palpation  shows  the  position  of  the 
[head  of  the  fibula,  as  well  as  the  degree  of  tension  or  relaxation  of  the  biceps  ten- 
don, according  as  the  displacement  is  in  a  forward  or  a  backward  direction. 

Reduction  is  to  be  effected  by  direct  pressure,  the  knee  being  flexed  to  relax 
the  biceps.     The  leg  should  be  put  up  in  plaster  of  Paris  in  moderate  flexion. 

Dislocations  of  tho  Semilunar  Cartilages.— Injuries  of  the  semilunar  car- 
tilages are  described  under  dislocations,  although  logically  they  are  more 
properly  classed  with  sprains.  The  clinical  entity  was  designated  by  Hey  as 
internal  derangement  of  the  knee  as  long  ago  as  1805,  but  only  in  recent  years  has 
the  pathology  of  the  condition  been  made  clear,  and  that  as  a  result  of  modern 
operative  work. 

The  clinical  picture  of  a  knee  which,  as  a  result  of  an  injury,  perhaps  of 
minor  degree,  becomes  suddenly  locked  in  partial  flexion,  being  acutely  painful, — 
the  patient  being  unable  voluntarily  to  extend  the  joint,  to  get  the  heel  to  the 
ground,  or  to  bear  the  weight  of  the  body  on  the  leg,  and  the  symptoms  aU  dis- 
appearing after  some  form  of  manipulation  of  the  leg, — is  characteristic.  It  is, 
however,  similar  to  that  of  a  loose  body  in  the  joint.  The  pain  is  perhaps  less 
severe,  recurrence  less  frequent,  and  something  may  be  determined  by  palpation 
as  to  the  size  of  the  projecting  loose  body.  The  fact  is,  however,  differentiation 
between  these  two  conditions  is  not  alw^ays  possible.  They  may  coexist.  A 
Roentgen  picture  is  of  diagnostic  value  in  that  a  loose  body  in  the  joint  generally 
contains  sufficient  bone  to  make  a  shadow,  while  with  shnple  fxacture  or  dislo- 
cation of  the  semilunar  cartilages  the  joint  appears  normal.  (Hoffa.)  The 
cartilage  may  be  displaced  as  a  whole  and  lie  in  the  cavity  between  the  femoral 
condyles  or  project  forward,  forming  a  palpable  and  even  visible  prominence, 
or  it  may  be  fractured,  the  fragments  separating  one  from  the  other,  or  a  chip  may 
be  broken  off,  forming  a  loose  body  in  the  joint.  There  is  a  marked  tendency 
to  recurrence,  and  some  individuals  are  unable  to  flex  the  knees  fuUy  without 
this  displacement  occurring.  GeneraUy,  manipulation  (pressure  on  the  project- 
mg  meniscus,  ^ith  passive  extension)  immediately  relieves  the  symptoms,  but 
occasionally  fails  and  the  joint  remains  stiff. 

While  the  semilunar  cartilages  may  be  injured  by  direct  violence,  as  by  blows 
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from  more  or  less  pointed  objects,  they  are  much  more  often  injured  as  a  result 
of  some  twist  of  the  leg  in  partial  flexion,  as  an  exaggeration  of  the  normal  axial 
rotation  of  the  tibia.  Physiological  rotation  of  the  tibia  varies  in  individuals, 
is  much  greater  in  childhood,  and  also  varies  with  the  relative  position  of  tibia  and 
femur,  being  zero  when  these  bones  are  locked  in  complete  extension  and  reaching 
a  maximum  in  flexion  of  from  forty  to  sixty  degrees.  (Testut.)  Maximum 
active  rotation  varies  from  fifteen  degrees  to  twenty-five  degrees,  and  passive 
from  thirty-five  degrees  to  forty  degrees. 

Injuries  and  displacements  of  the  internal  meniscus  are  much  more  common 
than  of  the  external  (five  or  seven  to  one) ,  which  is  probably  to  be  explained  by 
the  less  firm  attachment  of  the  internal  meniscus,  its  lesser  concavity,  and  the 
greater  frequency  of  accidents  producing  excessive  external  rotation  and  abduc- 
tion; both  of  these  motions  appear  to  be  of  etiological  importance,  the  common 
turning  outward  of  the  foot  favoring  external  rotation,  and  the  obtuse  angles  at 
the  knee  favoring  abduction.  Displacement  of  the  external  meniscus  is  due  to 
exaggerated  internal  rotation  and  adduction. 

Unless  the  displaced  cartilage  is  restored  to  its  proper  position  the  prognosis 
is  not  a  happy  one.  The  knee  continues  to  be  painful  and  all  but  useless,  and 
that  too  despite  all  the  measures — massage,  exercise,  elastic  bandages,  spUnts, 
etc. — employed  for  the  relief  of  the  condition.  There  is  a  marked  tendency 
to  recurrence  of  the  displacement  when  reduction  has  been  accomplished.  Even 
with  operative  replacement  of  the  displaced  meniscus  the  knee  is  apt  to  be  more 
or  less  troublesome,  partly  because  of  imperfect  adjustment  and  altered  mobil- 
ity of  the  meniscus,  partly  because  of  disturbances  in  the  relations  of  the  liga- 
mentous apparatus,  and  because  of  atrophy  of  the  thigh  muscles.  So  great  has 
been  the  muscle  atrophy  in  some  cases  as  to  suggest  that  it  is  due  to  a  neuritis 
resulting  from  the  injury  rather  than  from  simple  non-use.  (Martina:  Deutsche 
Zeit.  /.  air.,LXXXVIII.,  p.  370.) 

Treatment. — In  a  considerable  proportion  of  cases  the  displaced  cartilage 
can  be  replaced  by  a  manipulative  process  reversing  that  by  which  it  was  thrown 
out;  i.e,  the  internal  meniscus  when  tilted  into  the  space  between  the  condyles 
can  be  pushed  back  into  its  normal  position  by  making  extension  of  the  leg, 
followed  by  sudden  flexion  and  rotating  inward  (the  outer  meniscus  by  rotating 
outward),  while  pressure  is  made  on  the  prominent  portion  of  the  fragment  with 
the  fingers. 

After  reduction  of  the  cartilage  the  knee  should  be  fixed  for  about  six  weeks 
in  plaster  of  Paris. 

Open  operation  is  indicated  in  chronic  cases  which  manifest  a  tendency  to 
recurrence,  and  in  acute  cases  where  efforts  at  reduction  have  failed.  The  joint 
may  be  opened  by  a  vertical  incision  along  the  adjacent  border  of  the  patella  or 
by  a  transverse  incision,  and,  according  to  the  judgment  of  the  operator,  the 
fibro-cartilage  should  be  sutured  at  the  point  of  fracture,  and  anchored  to  the 
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capsule  ^\ith  absorbable  suture  (catgut  or  fine  kangaroo  tendon)  or  else  extir- 
pated. WTien  the  cartilages  are  displaced  backward  between  the  articular 
surfaces,  flexion  of  the  leg  to  complete  relaxation,  'with  rotation  and  abduction 
from  the  injured  side,  offers  a  chance  of  restoration.  In  these  cases,  however, 
the  coronary  attachments  are  torn,  and  it  is  more  than  likely  that  only  ojDera- 
tive  relief  "vsill  suffice.  It  may  be  difficult  to  reach  the  point  of  fracture  of  the 
cartilage,  but  flexion  and  extension  movements,  with  rotation,  will  expose  dif- 
ferent portions  of  the  cartilages.  The  capsule  should  be  sutured  and  the  joint 
closed.  The  removal  of  part  or  even  all  of  a  meniscus  seems  not  to  interfere 
seriously  with  the  function  of  the. joint. 

Dislocations  of  the  Patella. — The  patella,  .the  largest  of  the  sesamoid 
bones,  is  developed  in  the  tendon  of  the  quadriceps  extensor.  Being  attached 
to  the  upper  portion  of  the  tibia  by  a  ligament  of  verj-  great  strength,  it  moves 
over  the  trochlear  surface  of  the  femur  in  extension  and  flexion  of  the  leg.  The 
range  of  motion  is  •  considerable,  6  or  7  cm.  (2|  or  2f  in.).  LateraUy,  the 
patella  moves  from  1  to  3  cm.  (*  in.  to  li  in.)  when  the  quadriceps  is  relaxed. 
It  is  so  freely  movable  in  all  directions  and 
is  so  easily  tilted  by  pressing  on  any  of  its 
various  edges  that  a  sharp  blow  applied  on 
almost  any  edge  will  cause  it  suddenly  to 
emerge  on  the  opposite  side  and  tilt  to  a 
greater  or  less  degree.  Thus  dislocations 
have  been  produced  in  all  directions,  although 
only  in  rare  cases  in  an  mward  direction. 

Theoretically,  the  pateUa  may  be  dislo- 
cated laterally  to  either  side,  but  complete 
dislocation  inward  is  so  rare  that  for  practi- 
cal purposes  it  may  be  said  not  to  occur. 
Of  two  cases  quoted  by  Malgaigne  one  was 
accompanied  by  such  relaxation  of  the  liga- 
ments that  the  patella  could  be  moved  widely 
in  any  direction  (pathological  luxation), 
and  the  other  was  doubtful.  The  lateral 
dislocations  are  described  as  partial  or 
complete. 

The  patella  may  be  rotated  upon  edge, 
i.e.,  with  articular  surface  ''looking"  tow- 
ard the  inner  or  toward  the  outer  side  of  the  knee,  or  may  be,  though 
verj^  rarely,  turned  completely  over,  and  may  even  be  rotated  about  a  trans- 
verse axis. 

Lateral  dislocation  outward  is  favored  by  the  lateral  angle  between  thigh  and 
leg,  which  varies  with  indi\'iduals  and  is  greater  in  the  female  than  in  the  male  be- 


FiG.  53. — Vertical  Dislocation  of  the 
Patella.      (After  Anger.) 


92 


AMERICAN  PRACTICE  OF  SURGERY. 


cause  of  the  wider  pelvis.     Naturally,  this  dislocation  is  more  common  in  the 
presence  of  genu  valgum. 

Resisting  the  tendency  to  dislocation  are  the  higher  outer  rim  or  crest  of  the 
trochlear  surface  and  the  lateral  ligamentous  apparatus  (capsule,  quadriceps 
aponeurosis,  and  lateral  patellar  bands — retinacula  patellae),  together  with  the 

tension  of  the- vastus  internus,  which  is  greater  in 
volume  and  strength  than  the  externus. 

Dislocation  of  the  patella  outward  is  said  to 
be  complete  when  the  articular  surface  of  the 
patella  has  passed  completely  to  the  outer  side  of 
the  trochlea  and  the  inner  edge  of  the  patella  is 
caught  against  its  outer  border.  This  dislocation 
is  described  as  of  two  varieties — one  taking  place 
above  the  prominent  outer  edge  of  the  trochlea, 
the  other  below.  The  former  occurs  by  muscular 
action  in  sharply  forced  extension,  or  by  direct 
violence  from  below  upward  and  outward  when 
the  leg  is  in  extension.  The  latter  may  occur 
from  direct  violence  from  above  downward  and 
outward,  but  occurs  chiefly  from  blows  on  the 
inner  side  when  the  leg  is  partially  flexed.  Con- 
traction of  the  quadriceps  may,  according  to  cir- 
cumstances, increase  or  diminish  the  dislocating 
effect  of  such  blows. 

Rotary  dislocation,  constituting  one-sixth  of 
all  dislocations  of  the  patella,  occurs  most  fre- 
quently with  the  knee  flexed  and  as  the  result  of 
direct  violence.  The  greater  frequency  of  rotary  dislocation  with  articular  sur- 
face outward  (two-thirds  of  all  cases)  is  to  be  accounted  for  by  the  obliquity  of 
the  plane  of  the  trochlea  and  the  prominence  of  its  outer  edge  or  crest.  When 
the  patella  is  set  on  edge  it  is  maintained  in  its  position  by  tension  of  the  quad- 
riceps and  untorn  portions  of  the  ligamentous  apparatus.  The  knee  is  par- 
tially flexed  and  the  edge  of  the  patella  lies  in  the  upper  portion  of  the  inter- 
condyloid  notch. 

In  all  dislocations  of  the  patella  the  capsule  and  the  ligaments  are  more  or 
less  torn  and  may  be  torn  widely,  and  there  may  be  great  effusion  of  blood 
within  and  without  the  joint,  obscuring  the  condition  and  interfering  with 
replacement. 

Reduction  may  be  accomplished  in  most  cases  and  without  an  ansesthetic,  but 
in  others  it  is  not  possible  except  by  open  operation — incision.  The  quadriceps 
should  be  relaxed  by  passive  flexion  of  the  thigh  and  extension  of  the  leg.  The 
patella  may  then  be  lifted  with  the  fingers  up  over  the  crest  of  the  trochlea  into 


Fig.  54. — Dislocation  (Total  Re- 
versal) of  the  Patella.  (After 
Anger.) 
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place,  or  in  rotary  dislocations  the  patella  may  be  turned  by  gripping  it  with  the 
fingers. 

After  reduction  is  secured  the  knee  should  be  alternately  flexed  ana  extended 
a  few  times  to  assist  in  securing  better  appositionof  torn  ligaments,  and  the  Hmb 
should  be  placed  in  a  plaster-of-Paris  or  other  fixation  splint.  If  the  effusion  is 
great  it  should  be  removed  by  aspiration  and  the  joint  bandaged. 

In  case  of  failure  to  secure  reduction  the  knee  should  be  opened  under  the 
strictest  asepsis,  the  joint  cleared  of  clots,  the  torn  ligaments  trimmed,  and,  after 
replacement  of  the  patella,  the  wound  should  be  sutured.  The  introduction  of 
hooks,  elevators,  etc.,  through  small  incisions  is  even  more  objectionable  from 
an  aseptic  standpoint  than  open  operation  and  should  therefore  be  discarded. 

Dislocation  by  rotation  about  a  horizontal  axis  is  claimetl  by  Cheeseman  to 
be  not  so  rare  as  commonly  supposed  (Ann.  Surgery,  1905,  XLI.,  p.  107).  He  col- 
lected five  cases  from  the  literature  and  reported  a  sixth.  In  his  case  the  quad- 
riceps tendon  was  torn  and  the  upper  edge  of  the  patella  wedged  so  tightly  into 
the  intercondyloid  notch  as  to  resist  all  attempts  at  dislodgment  even  under 
ansesthesia.  Open  incision  permitted  lifting  of  the  patella  into  its  correct  position 
and  suturing  of  the  quadriceps  tendon.  Of  the  six  cases  only  one  was  reduced 
without  operation.  In  two  the  patella  lay  between  the  tibia  and  the  external 
condyle.  In  four  the  quadriceps  tendon  was  ruptured,  the  ligamentum  patellae 
in  one,  the  crucial  ligaments  in  two,  and  the  lateral  ligaments  in  one. 

After  luxation  of  the  patella  there  is  a  marked  tendency  to  habitual  dislocation, 
to  prevent  which  the  retentive  dressing  should  be  continued  until  healing  of 
torn  ligaments  is  firm,  and  subsequently  for  a  considerable  time  a  supporting 
bandage  should  he  worn. 

If  habitual  dislocation  is  once  established  as  the  sequence  of  a  traumatic 
dislocation,  of  chronic  hydrops,  of  genu  valgum,  or  of  impaired  action  of  the 
vasti  muscles,  a  supporting  bandage,  consisting  of  a  leather  knee  cap  v^ith  a  hole 
in  it  for  the  patella  and  padded  so  as  to  make  pressure  on  the  outer  side,  will 
give  a  considerable  degree  of  reUef.  A^arious  operative  procedures  have  been 
tried  with  varying  success.  Open  operation  with  suturing  of  tissues  on  the 
inner  side  under  projDcr  asepsis  is  to  be  preferred  to  subcutaneous  suture.  The 
operation  of  Le  Dentu  has  given  good  results.  It  is  described  as  follows  by 
HofFa  (Langenbeck's  Arch.,  LIX.,  1899,  p.  547):  An  incision  11  cm.  (4f  in.) 
long  is  made  about  midway  between  the  inner  border  of  the  patella  and  the 
capsule  of  the  knee  joint.  The  soft  tissues  are  pushed  away  by  a  blunt  instru- 
ment on  both  sides  of  the  capsule,  so  that  on  the  outside  the  border  of  the 
patella  with  its  tendinous  envelope,  and  on  the  inner  side  an  area  of  the  cap- 
sule at  least  an  inch  \N-ide,  are  laid  bare.  The  patella  is  next  forcibly  pressed 
toward  the  middle  line  of  the  limb  and  four  strong  silk  sutures  are  carried,  on 
the  one  side,  through  the  tendinous  and  periosteal  covering  of  the  patella  and 
on  the  other  through  the  aponeurosis  of  the  internal  condyle  of  the  femur,  in 
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order  to  draw  the  patella  inward.  These  sutures  are  not  yet  tied,  but  are 
held  firmly  by  an  assistant.  The  capsule  lying  in  the  area  of  the  incision  is 
now  seen  markedly  relaxed  and  stretched.  It  is  folded  into  a  sausage-shaped 
roll,  gathered  together,  and  sewed  with  six  silk  sutures  into  a  compact  cord. 
This  cord  holds  the  patella  well  toward  the  middle  line,  but  it  is  secured  more 
firmly  in  its  proper  position  by  knotting  the  sutures  first  introduced.  After 
removal  of  the  Esmarch  bandage  (applied  before  the  actual  operation  began), 
the  small  amount  of  bleeding  is  arrested,  the  wound  in  the  skin  is  closed  by 
silk  sutures,  and  sterile  compresses  and  bandage  are  applied.  The  leg  being 
well  extended,  a  plaster-of-Paris  bandage  is  applied  from  above  to  the  meta- 
tarsal capitulum,  and  while  it  is  hardening  pressure  is  maintained  against  the 
external  border  of  the  patella. 

Diastases  of  the  Distal  End  of  the  Fibula.— Except  as  a  complication  of 
Pott's  fracture  and  of  dislocation  of  the  astragalus,  diastasis  of  the  lower  end  of 
the  fibula  is  exceedingly  rare.  Stimson  found  but  two  cases  in  the  literature. 
When  one  considers  the  exposure  of  the  prominent  external  malleolus  to  violence, 
the  rarity  of  this  dislocation  is  explained  by  the  frequency  of  fracture  of  the 
fibula  or  of  the  malleoli.  In  these  two  cases  the  lower  end  of  the  fibula  was  freely 
movable  backward  and  forward,  and  the  outer  surface  of  the  astragalus  could 
be  outlined  by  the  finger.  In  one  (Nekton's,  a  chronic  case)  the  function  was  so 
good  that  interference  seemed  unjustifiable.  In  the  other  (Tillaux's)  the  bone 
was  put  into  place  and  kept  there  by  suitable  bandages,  and  the  patient  made  a 
satisfactory  recovery.  Stimson  saw  one  case  with  backward  dislocation;  the 
foot  was  in  abduction.  Adduction  brought  the  fibula  into  place  with  an  audible 
snap,  then  the  dislocation  was  reproduced  by  abduction,  and  again  reduced  by 
adduction  of  the  foot.  Diastasis  of  the  lower  tibio-fibular  joint  has  recently 
been  the  subject  of  an  elaborate  study  by  Quenu  {Rev.  de  Chir.,XXXy.,  p.  898 
et  seq.,  1907. 

Dislocations  of  the  Foot. — The  astragalus  is  so  fitted  between  the  malleoli  that 
the  ankle  joint  permits  of  practically  no  motion  except  those  of  flexion  and  ex- 
tension. Complicated  motions  of  adduction  and  abduction,  pronation  and  supi- 
nation are  combinations  of  rotation  in  the  mediotarsal  (between  scaphoid  and 
astragalus,  cuboid  and  calcaneus)  and  astragalo-calcanean  joints.  These  joints 
move  simultaneously  in  varying  degree,  the  freest  motion  taking  place  between 
the  head  of  the  astragalus  and  the  scaphoid. 

Dislocations  of  the  tarsus  and  its  various  elements  arc  so  closely  allied  and  so 
similar  that  they  are  commonly  described  together.  In  general,  four  groups  are 
distinguished:  dislocations  of  the  ankle  joint  proper  (luxatio  pedis),  dislocations 
of  the  astragalo-calcanean  joint  (luxatio  pedis  sub  talo),  dislocations  in  the  medio- 
tarsal (Chopart  joint),  and  dislocations  of  individual  bones  of  the  tarsus. 

These  dislocations  are  so  frequently  complicated  by  fracture,  and  the  differ- 
ential diagnosis  between  them  and  fractures  in  this  neighborhood  is  so  difficult, 
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being  so  frequently  obscured  by  excessive  swelling  and  effusion  of  blood,  that  an 
x-ray  picture  should  be  niade  in  all  cases. 

These  injiu-ies  are  alwaj's  severe  and  are  accompanied  by  extensive  damage 
to  the  soft  parts.  From  this  may  result  perforation  of  the  skin,  making  the 
lesion  compound,  local  necroses  of  greater  or  less  extent,  and  even  gangrene  of  a 
large  part  of  the  foot. 

If  we  exclude  the  dislocations  of  the  foot  of  greater  or  less  degree,  which  are 
very  common  as  complications  of  Pott's  fractm'e  and  fracture  of  the  malleoli,  dis- 
locations of  the  foot  are  of  only  moderate  frecjuency.  Wentlel  (Beit.  z.  klin. 
Chir.,  XXI.)  gathered  one  hundred  and  eight  eases  and  described  the  follo^\"ing 
forms :  1,  dislocations  forward  and  backward ;  2,  lateral  dislocations  by  pronation 
and  supination,  as  well  as  by  eversion  and  inversion;  3,  dislocations  upward. 

Dislocations  forward  commonly  result  from  excessive  plantar  flexion  (tarsal 
extension),  whether  from  falls  forward,  striking  on  the  dorsum  of  the  foot,  or  from 
falls  backward,  the  foot  being  caught  as  between  two  timbers,  perhaps  \N'ith  added 
thrust  forward  on  the  foot.  In  some  cases  it  is  probable  that,  in  exaggerated 
dorsal  flexion,  the  lateral 
ligaments  being  torn,  a 
blow  or  thrust  on  the  back 
of  the  heel  drives  the  foot 
forward.     (Fig.  55.) 

Tliis  dislocation  may 
be  complete  or  incomplete. 
Atypical  forms  are  ob- 
ser\'ed  in  which  there  is 
complicating  fracture,  e.g., 
of  the  astragalus,  one  por- 
tion being  dislocated,  the 
other  remaining  in  the  joint. 

The  foot  is  lengthened 
in  front  and  shortened  be- 
hind. The  malleoli  ap- 
proach nearer  the  sole,  the  foot  is  apt  to  be  in  moderate  plantar  flexion  (tarsal 
extension),  and  the  hollow  of  the  instep  may  be  increased.  Unless  the  swelling 
be  too  great  the  upper  surface  of  the  astragalus  can  be  palpated. 

Dislocations  backward  are  much  more  common  than  dislocations  forward. 
They  usually  occur  in  extreme  plantar  flexion,  by  which  the  anterior  and  lateral 
ligaments  are  torn,  the  astragalus  rotating  about  the  posterior  end  of  the  tibia. 
The  displacement  backward  occurs  as  a  result  of  thrust  from  in  front. 

The  foot  is  displaced  backward  and  is  held  in  moderate  plantar  flexion,  the 
heel  being  apparently  lengthened  in  proportion  as  the  front  of  the  foot  is  short- 
ened.    (Fig.  56.)     The  lower  edge  of  the  tibia  projects  in  front  and  can  be  felt 


Fig.  55. — Dislocation  of  the  Foot  Forward.  (After  Helfer- 
ich.)  Note  the  absence  of  the  normal  projection  of  the  heel 
backward,  a.  Relations  of  the  parts  as  seen  after  a  superficial 
dissection ;  b,  relations  of  the  bones  alone. 
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immediately  beneath  the  skin.     It  not  uncommonly  perforates  the  skin,  making 
the  dislocation  compound. 

The  dislocation  may  be  complete  or  incomplete,  the  posterior  edge  of  the  articu- 
lar surface  of  the  tibia  catching  on  almost  any  point  of  the  dorsum  of  the  astragalus. 
Reduction  of  these  dislocations  is  generally  effected  without  difficulty,  the 

manipulations  being  chosen 
to  fit  the  particular  case. 

Lateral  dislocations  may 
be  inward  or  outward  (dis- 
locations by  pronation  and 
supination) .  Of  these  the 
outward  is  about  twice  as 
frequent  as  the  inward. 

In  the  use  of  these  terms 
by  different  authors  there 
are  great  discrepancies, 
some  referring  to  the  posi- 
tion of  the  foot  as  a  whole, 
in  the  sense  of  inversion  and 
eversion,  and  others  adher- 
ing more  strictly  to  the  po- 
sition of  the  astragalus  with 
reference  to  the  tibia.  By  dislocation  inward  one  would  mean  not  so  much  in- 
version of  the  foot,  which  may  be  present  when  the  astragalus  lies  beneath  the 
outer  malleolus,  as  the  dislocation  in  which  the  astragalus  lies  beneath  or  internal 
to  the  inner  malleolus,  independently  of  whether  the  foot  be  adducted  or  abducted. 
Dislocation  inward  (Pronationsluxation,  Wendel)  results  from  a  force  ap- 
plied on  the  inner  side  of  the  heel,  forcing  it  outward  and  upward — the  astragalus 
either  breaking  the  outer  malleolus  or  the  fibula  above,  as  in  Pott's  fracture,  or  turn- 
ing about  the  malleolus  as  a  fulcrum,  tearing  the  internal  lateral  ligaments.  The 
astragalus  is  then  forced  inward  and  lies  more  or  less  beneath  the  inner  malleolus — 
the  foot  remaining  in  abduction.  The  astragalus  may,  however,  be  driven  com- 
pletely past  the  inner  malleolus  and  lie  with  its  outer  edge  against  the  inner  sur- 
face of  the  malleolus.  In  this  case  the  abduction  of  the  foot  is  much  less  marked. 
Dislocation  outward  is  caused  by  the  opposite  mechanism,  and  the  position 
of  the  foot  is  the  opposite. 

Dislocation  of  the  ankle  joint  may  be  caused  by  rotation  alone  about  a  verti- 
cal axis,  i.e.,  by  eversion  or  inversion.  In  the  former  the  fibula  is  pressed 
backward  by  the  anterior  portion  of  the  astragalus,  whose  posterior  border  slips 
forward  till  it  rests  on  the  inner  malleolus.  The  astragalus  remains  between  the 
malleoli,  but,  with  the  foot,  is  rotated  outward  to  approximately  a  right  angle. 
In  a  case  of  Stimson's  the  fibula  was  broken  in  its  upper  third. 


Fig.   56.  —  Dislocation  of  the  Foot  Backward.      (After  He!- 
ferich.)      Note  the  abnormal  projection  of  the  heel  backward. 

a,  Relations  of  the  parts  as  seen  after  a  superficial  dissection; 

b,  relations  of  the  bones  alone. 
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Rotary  dislocation  outward  (Supinationshixation)  is  much  rarer  than  the 
preceding.  It  is  brought  about  by  the  opposite  mechanism  and  is  characterized 
by  the  opposite  deformity. 

Between  these  typical  cases  there  are  others  in  which  the  forces  active  partake 
of  rotations  about  vertical  and  antero-posterior  and  transverse  axes  together 
in  varj'ing  degrees,  giving  atypical  deformities. 

Treatment. — Replacement  has  generally  been  effected  without  great  difficulty 
and  by  a  mechanism  reversing  that  by  which  the  dislocation  in  the  given  case  was 
produced — i.e..  in  internal  dislocation  with  abduction,  the  abduction  should  be 
exaggerated,  the  foot  drawn  outward,  and  then  adducted;  in  external  disloca- 
tion the  opposite  is  required.  In  rotan,'  dislocations  the  parts  can  be  relaxed 
somewhat  by  extension,  when  with  slight  force  the  foot  may  be  rotated  in  the 
desired  direction.  Manual  pressure  may  aid  in  restoration.  Relaxation  of  the 
tendo  Achillis,  as  brought  about  by  flexing  the  knee,  is  of  great  assistance.  In 
a  few  of  the  cases  reported  tenotomy  had  to  be  resorted  to  before  reduction 
was  possible. 

In  compound  or  infected  dislocations  of  the  ankle,  amputation  or  excision 
was  formerly  required,  but  more  recent  work  has  shown  that  if  the  wound  be 
given  the  modern  treatment  of  compound  fractures — thorough  cleansing,  with  or 
without  free  incision,  and  restoration  of  the  natural  relations — excellent  re- 
sults are  often  obtained.  In  general,  the  contused  edges  of  the  wound  of  per- 
foration should  be  cut  awa}-.  In  most  cases  drainage  is  required  and  should 
be  made  from  both  inner  and  outer  sides,  and  the  joint  should  be  fixed  in  a 
suitable  plaster-of-Paris  dressing.     Excision  of  the  astragalus  is  not  often  required. 

In  case  of  comminuted  fracture  as  a  complication,  as  shown  by  the  x-ray,  it 
may  in  the  judgment  of  the  surgeon  be  preferable  to  open  the  joint  primarily  and 
remove  the  loose  fragments — of  course,  closing  the  joint  under  the  strictest  asepsis. 

In  old  unreduced  dislocations  there  are  great  deformity  and  great  functional 
disability,  and  after  partially  successful  reductions  there  are  apt  to  be  pain  and 
limping.  In  such  cases  attempts  at  reduction  may  legitimately  be  made  under 
an  anaesthetic,  and  they  have  succeeded,  in  reported  cases,  after  some  months. 
If  reduction  is  not  effected  either  in  fresh  cases  or  in  old,  operative  reduction 
may  be  tried  or  resection  of  the  astragalus  performed.  It  should  be  remembered, 
however,  that  ankylosing  adhesions  in  the  ankle,  even  when  they  have  existed 
for  several  months,  will  gradually,  as  a  result  of  the  exercise  of  walking,  give 
way  and  some  degree  of  motion  be  restored.  Furthermore,  the  other  joints  of 
the  tarsus  gradually  increase  their  range  of  motion  to  compensate  for  loss  of 
ankle  motion,  especially  in  young  people.  A  small  range  of  motion  between 
astragalus  and  tibia  markedly  lessens  the  limp  of  ankylosis  and  gives  a  better 
foot  than  where  the  astragalus  is  removed. 

By  dislocation  upward  is  somewhat  inaccurately  designated  the  rare  de- 
formity which  results  when  from  a  fall  the  tibio-fibular  ligaments  are  torn  and 
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the  tibia  is  thrown  forward  and  the  fibula  backward,  the  astragalus  being  forced 
upward  between  the  two.  Sargent  (Lancet,  1903,  II.)  reported  a  typical  case 
caused  by  exaggerated  dorsal  flexion,  the  wider  anterior  portion  of  the  astragalus 
forcing  the  malleoli  apart.  The  foot  was  firmly  fixed  in  its  new  position.  Re- 
duction was  easy  by  simple  traction  under  anaesthesia.  Massage  and  passive 
motion  were  begun  on  the  third  day,  and  after  three  weeks  the  patient  could 
walk  with  but  little  limp.     Recovery  was  complete. 

Subastragaloid  Dislocation.— The  most  important  dislocation  within  the 
the  tarsus  itself  is  the  so-called  dislocation  beneath  the  astragalus  or  subastrag- 
aloid  dislocation  (luxatio  sub  talo).  It  would  seem  that  the  same  sort  of  forces 
which  in  one  case  will  produce  a  Pott's  fracture,  in  a  second  a  dislocation  of  the 
foot,  will,  in  a  third  case,  produce  dislocation  beneath  the  astragalus  (subas- 
tragaloid  dislocation).  Minute  differences  as  regards  the  point  of  application 
and  the  direction  of  the  dislocating  force,  and  the  changes  in  them  during  their 
time  of  action,  must  account  for  such  clinical  differences. 

Broca  first  gathered  these  cases  together  in  1852,  and  since  then  a  large 
number  of  cases  have  been  reported.  Henke  described  four  typical  forms  of 
subastragaloid  dislocation — the  result  of  forced  adduction,  abduction,  plantar  flex- 
ion, and  dorsal  flexion  respectively.  Trendel  collected  eighty  cases  up  to  1905. 
{Beit.  z.  klin.  Chir.,  XLV.)  Of  these,  forty-six  were  lateral,  five  forward,  two 
backward,  and  fourteen  oblique.  Baumgaertner  and  Huguier  (Rev.  de  Chir., 
XXVI.,  p.  230)  collected  eighty -cases,  of  which  twenty-four  were  complicated 
by  fracture. 

These  dislocations  are  all  the  result  of  severe  force  and  are  not  infrequently 
compound.  Baumgaertner  and  Huguier  (Revue  de  Chir. ,  1906)  figure  several  typi- 
cal cases,  giving  radiographs  which  show  the  relations  of  the  various  bones. 
Exaggerated  abduction  causes  the  calcaneus  to  roll  outward  on  the  outer  edge 
of  the  astragalus,  tearing  the  interosseous  ligaments  to  a  greater  or  less  extent. 
The  limit  of  rotation  in  the  astragalo-scaphoid  joint  being  reached,  its  capsule 
is  torn  and  the  foot,  all  but  the  astragalus,  is  forced  outward  and  backward. 
Clinically  the  foot  has  the  appearance  of  a  severe  case  of  flat-foot :  it  is  everted 
and  the  astragalus  makes  a  marked  bulging  on  the  inner  side  in  front. 

Similarly,  exaggerated  adduction  causes  the  calcaneus  to  tilt  on  the  tip  of 
the  sustentaculum  tali  until  the  interosseous  ligaments  give  way,  when  dis- 
placement inward  takes  place.  The  foot  resembles  a  club-foot,  is  adducted  and 
flexed,  and  the  astragalus  appears  as  a  bulging  on  the  outer  side.  Not  infre- 
quently the  neck  of  the  astragalus  is  broken.  (Trendel,  loc.  cit.,  and  Luxem- 
bourg, Deutsche  Zeit.  f.  Chir.,  LXXXVL,  p.  127.)     (Fig.  61.) 

In  either  of  these  dislocations  the  scaphoid  may  be  left  on  the  astragalus,  and 
the  separation  in  front  be  between  the  scaphoid  and  the  cuneiform  bones,  though 
this  is  the  exception.  This  dislocation  has  been  described  as  dislocation  of  the 
foot  below  the  scaphoid. 
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Dislocations  forward  and  backward  below  the  astragalus  occur  as  the  result 
of  dorsal  and  plantar  flexion  respectively.  In  deformity  they  resemble  the  cor- 
responding dislocation  above  the  astragalus,  but  differ  strikingly  in  that  they  per- 
mit a  considerable  degree  of  flexion  and  extension.  Careful  palpation  will  show 
the  positions  of  the  bony  prominences. 

Treatment. — Reduction  of  the  lateral  dislocations  is  to  be  made  with  the  knee 
flexed,  to  relax  the  tendo  Achillis,  and  by  forcible  adduction  in  outward  dislo- 
cations and  abduction  in  inward,  with  traction  on  the  foot,  while  the  parts  are 
being  pressed  into  position  with  the  fingers.  Because  of  the  irregularities  of  the 
under  surface  of  the  astragalus  and  the  upper  surface  of  the  calcaneus,  perfect 
adjustment  is  difficult  to  secure,  and  if  not  secured  the  functional  result  will  not 
be  satisfactory.  Ends  of  torn  ligaments,  fringes  of  capsules,  etc.,  may  be  inter- 
posed. The  J-raj'^  is  the  best  means  of  detecting  minor  degrees  of  displacement. 
In  dislocations  inward  and  backward  Malgaigne  advised  forcible  extension  of  the 
foot,  but  Quenu  has  shown  (Bull,  de  la  Soc.  de  Chir.,  1894,  p.  130)  that  portions 
of  the  annular  ligament,  slipping  beneath  the  head  of  the  astragalus,  may  make 
reduction  impossible  except  by  forced  flexion.  Baumgaertner  and  Huguier,  on 
the  basis  of  experiments  on  the  cadaver,  have  shown  that  there  are  two  classes  of 
such  dislocations — one  which  can  be  reduced  by  extension,  the  others  by  flexion. 

Dislocation  in  the  medio-tarsal  (Chopart's)  joint  is  exceedingly  rare.  In 
fact  its  existence  has  been  denied  altogether.     Broca  thought  it  impossible  on 


Fig.  57. — Dislocation  of  the  Astragalus  Forward  and  Outward.     (After  1  ejars.) 

anatomical  grounds.  There  have  been  reported,  however,  a  few  cases  which 
definitely  establish  this  dislocation  as  a  clinical  entity.  (Fuhr,  Miiench.  med. 
VToch.,  1892.)  Morian  {Deutsche  Zeit.  f.  Chir.,  LXXXVI.,  p.  117)  succeeded 
in  collecting  ten  cases  from  the  literature,  and  reported  one  case  of  isolated  dis- 
location of  the  astragalo-scaphoid  joint  which  he  himself  had  obsers  ed.  (Fig.  62.) 
The  anterior  part  of  the  foot  may  be  dislocated  outward  or  inward.  The  de- 
formity is  much  like  that  of  the  dislocation  below  the  astragalus,  but  is  differen- 
tiated therefrom  by  the  palpability  of  the  rounded  end  of  the  astragalus  and 
the  changed  relations  of  the  os  calcis  and  cuboid. 
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Dislocations  of  Individual  Tarsal  Bones. — Isolated  dislocations  of  many 
of  the  tarsal  bones  have  been  described,  but,  of  these,  dislocation  of  the  astra- 
galus is  at  once  the  most  frequent  and  the  most  important. 

The  bone  may  be  forced  out  from  between  the  os  calcis  and  the  tibia,  more 
frequently  forward,  but  occasionally  backward.  The  forward  dislocation  is  the 
result  of  excessive  plantar  flexion,  probably  with  added  thrust.  Henke  con- 
sidered that  this  dislocation  was  probably  the  result  of  a  combination  of  forces, 
one  of  which  would  cause  dislocation  of  the  foot  forward,  while  the  other 
would  cause  a  dislocation  of  the  astragalus  laterally. 

In  the  forward  dislocation  the  astragalus  is  sometimes  found  pushed  over 
to  the  inner  side  of  the  median  line  of  the  foot,  but  more  frequently  to  the  outer. 
The  head  of  the  astragalus  may  be  caught  behind  the  tendon  of  the  tibialis  anti- 
cus,  and  this,  in  some  cases,  has  interfered  with  reduction. 

The  dislocation  of  the  astragalus  backward  is  the  result  of  excessive  dorsal 
flexion  with  added  thrust  in  which  the  anterior  edge  of  the  articular  surface  of 


Fig.  58. — Dislocation  of  the  Body  of  the  Astragalus  Backward,  with  Fracture  of  the  Neck. 
(Roentgen  Department  of  Lane  Hospital,  San  Francisco.) 

the  tibia  impinges  sharply  on  the  neck  of  the  astragalus.  More  often  than  not 
it  cuts  it  apart  as  would  a  cleaver,  the  body  of  the  astragalus  being  forced  out  of 
the  joint  posteriorly  and  to  the  inner  side  of  the  tendo  Achillis,  while  the  head  of 
the  bone  remains  in  place.  It  is  a  question  whether  this  injury  should  not  be 
classed  with  fractures  rather  than  with  dislocations.  In  some  cases  the  body 
of  the  astragalus  is  more  or  less  comminuted,  and  the  tibia  then  rests,  not  on  the 
upper  surface  of  the  os  calcis,  but  on  the  crushed  fragment,  as  occurred  in  one 
of  the  two  cases  observed  by  the  writer.     (Fig.  59.) 

More  rarely  the  astragulas  has  been  rotated  in  place  about  a  transverse  axis 
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or  about  an  antero-posterior  axis, 
as  is  shown  in  a  case  reported  by 
Schlagintweit  (Deutsche  Zeit.  /. 
Chir.,  1907).  (Fig.  60.)  The  up- 
per .surface  of  the  astragalus  lies 
on  the  OS  calcis  and  the  cuboitl. 
Isolated  dislocation  of  the  as- 
tragalus is  the  result  of  severe 
violence  and  may  be  compound. 

In  the  treatment,  success  has 
followed  efforts  at  reduction  in 
perhaps  half  of  the  cases.  The 
tendo  Achillis  being  relaxed  by 
flexion  of  the  knee,  and  strong 
traction  being  made  on  the  foot, 
the  astragalus  can  often  be  re- 
placed by  finger  pressure.  In 
compound  dislocations  the  bone 
should  be  replaced  unless  too 
completely  stripped  of  its  attach- 
ments to  permit  it  to  live.  Chips 
and  loose  fragments  of  bone  or 
cartilage  should  be  removed.     In  case  of  failure  to  reduce  the  dislocation  by 

manipulation  under  an  anaes- 
thetic, reduction  may  be  made 
through  an  incision,  and,  in 
the  absence  of  infection,  this 
will  give  a  better  foot  than 
is  obtainable  by  removal  of 
the  astragalus.  In  the  case  of 
Schlagintweit  (Fig.  60)  reduc- 
tion was  effected  through  an 
incision  on  the  outer  side  be- 
tween the  peroneal  and  the  exten- 
sor tendons  and  gave  an  excellent 
result,  with  good  ankle  motion. 

The  case  showii  in  Fig.  59,  and 
a  similar  case  of  posterior  disloca- 
tion of  the  astragalus  with  cleav- 
age fracture  of  the  neck,  were 
■c      ^^    r.      ,       ,        .        ,   .         .       ,  operated  upon  bv  the  writer.    In 

iiG.   60. — Complete    Inversion   of   Astragalus   about   an  '  .  " 

Antero-posterior  Axis.     (After  Schlagintweit.)  OUC    the    displaced    fragment    of 


Fig.  .59. —  Dislocation  of  the  Body  of  the  Astragalus 
Backward,  with  Fracture  of  the  Xeck.  (Roentgen  De- 
partment of  Lane  Hospital,  San  Francisco.) 
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•bone  was  removed,  and  in  the  other  it  was  replaced  and  sutured  with  fine 
silver  wire  to  the  head.  The  functional  result  in  both  cases  was  excellent; 
in  the  second  the  foot  appeared  normal  in  form. 

As  regards  the  relative  frequency  with  which  the  different  bones  of  the 
tarsus  undergo  dislocation,  the  scaphoid  (navicular),  of  which  the  displacement 
may  be  complete  or  incomplete,  stands  next  in  order  to  the  astragalus.  Capil- 
lery  and  Ferron  report  a  recent  case  in  the  Reviie  de  Chirurgie  and  quote  one  by 

Walker  {Med.  Examiner, 
1851).  The  dislocation 
may  he  inward  or  upward. 
In  Walker's  case,  which 
was  recent,  reduction  was 
accomplished  by  digital 
pressure  after  strong  plan- 
tar flexion  had  been  made. 
The  bone  was  held  in  place 
by  means  of  bandages,  and 
the  final  result  was  a  foot 
without  deformity  and  with 
perfect  function.  In  the 
case  of  Capillery  and  Fer- 
ron reduction  was  not  se- 
cured, and  the  patient, 
refusing  excision,  was  dis- 
missed. A  year  and  a  half 
later  he  was  again  exam- 
ined: the  notch  beneath 
the  dislocated  navicular 
was  a  little  wider;  and, 
although  there  was  some 
hmitation  of  motion  at  the 
ankle,  he  walked  without 
a  limp.  Eichel  (Deutsche 
Zeit.  /.  Chir.,  1907)  col- 
lected nine  cases  of  dislo- 
cation of  the  navicular  in  which  the  diagnosis  was  established  without  question. 
The  three  cuneiform  bones  have  been  dislocated,  as  have  the  calcaneus 
and  also  the  cuboid.  According  to  Cahier*  all  three  cuneiform  bones  or  only 
the  two  external  may  be  dislocated  simultaneously;  or  else  either  the  internal 
or  the  middle  may  alone  be  displaced.     In  a  case  of  the  first  variety  which 

♦"  Ldsions  traumatiques  des  Articulations,"  in  vol.  iii.  of  Le  Dentu  and  Delbet's  "Traits  de 
Chirurgie  clinique  et  op6ratolre,"  Piiris,  1890. 


Fig.  61. — Subastragaloid  Dislocation  Backward  and  Outward, 
with  Fracture  of  the  Necli  of  the  Astragalus.  (After  Luxem- 
bourg.) 
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came  under  the  observation  of  Monteggia  and  Malgaigne,  the  three  bones  were 
found  lying  on  the  dorsum  of  the  foot.  Reduction  was  effected  by  applj-ing 
extension  to  the  toes,  while  the  leg  and  heel  were  held  firmly,  and  making 
direct  pressure  upon  the  ma^  of  displaced  bones.  Rey  experienced  no  dif- 
ficulty in  reducing  a  dislocation  of  the  middle  and  external  cuneiform  bones, 
but  Walker,  m  a  somewhat  similar  case,  found  it  necessary,  o^sing  to  the  fact 
that  both  of  the  bones  had  undergone  a  movement  of  rotation  about  their 
transA'erse  axes,  to  remove  them  entirely.  Paulet  and  Chauvel  have  collected 
the  records  of  eleven  cases  of  dislocation  of  the  internal  cuneiform  bone:  in 
four  of  them  the  displacement  was  upward,  in  four  others  it  was  inward,  and 
in  three  it  was  downward  and  inward.     Delorme  has  collected  the  records  of 


Fig.  62. — Dislocation  Inward  in  the  A.stragalo-Scaphoid  Joint.     (After  Morian.) 


three  cases  (Lagarde,  Laugier,  Folker)  in  which  the  middle  cuneiform  bone 
was  dislocated  upward.  Complete  reduction  was  effected  in  only  one  of  these 
cases  by  simple  direct  pressure  upon  the  displaced  part  in  combination  with 
flexion  of  the  foot  and  extension  of  the  toes.  Cahier  adds  that,  whenever  it  is 
not  fomid  possible  to  reduce  the  deformity  by  the  simple  manipulations  just 
mentioned,  no  hesitation  should  be  felt  about  extirpating  the  projecting  mass 
of  bone  by  operative  interference. 

Dislocations  of  the  Metatarsus  and  of  the  Toes.— The  metatarsal  bones 
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have  rarely  been  observed  in  dislocation.  A  few  cases  have  been  reported  of 
dislocation  of  the  metatarsus  as  a  whole  on  the  dorsum  of  the  tarsus  or  to  the 
inner  side,  as  well  as  eases  of  isolated  dislocation  of  one  or  several  of  the  metatarsal 
bones.  The  diagnosis  is  to  be  based  on  the  presence  of  palpable  displace- 
ment, though  it  is  not  possible  always  to  exclude  fracture.  The  x-ray  is  of 
determining  value. 

Reduction  has  been  effected  by  traction  on  the  displaced  part  and  by  direct 
pressure,  as  circumstances  require.  The  foot  should  be  supported  in  plaster -of- 
Paris  dressing. 

The  dislocations  of  the  toes  follow  much  the  same  history  as  do  dislocations  of 
the  fingers,  but  the  deficient  state  of  development  of  the  phalanges  of  the  toes  and 


Fig.  63. — Dislocation  of  the  Navicular  Upward  and  Inward.     (After  Eichel.) 


the  resulting  loose  joints  make  dislocations  common  or  even  habitual,  but  make 
reduction  correspondingly  easy.  Dislocations  of  the  great  toe  are  the  most 
important  and  are  comparable  to  corresponding  dislocations  of  the  thumb. 
(See  page  68.)  The  dorsal  dislocation  is  to  be  reduced  by  exaggerating  the 
dorsal  flexion  and  making  traction  parallel  to  the  shaft  of  the  metatarsal,  and 
afterward  circumduction  or  flexion.  Klaussner  (Deutsche  Zeit.  f.  Chir.,  1907) 
has  collected  a  number  of  cases  of  dislocations  of  the  t02S,  adding  to  the  statistics 
of  Baennann,  Garnier,  and  Hoffa. 


PART  XIV. 
OPERATIVE   SURGERY. 


INFLUENCES  AND  CONDITIONS  WHICH  SHOULD 

BE  TAKEN  INTO  ACCOUNT  BEFORE  ONE 

DECIDES  TO  OPERATE. 

By  CHARLES  B.  G.  DE  NAXCREDE,  M.D.,  Ann  Arbor,  Michigan. 


By  pursuing  certain  lines  of  investigation  and  by  skiKully  balancing  the 
[probabilities  for  or  against  a  given  course  of  procedure,  the  surgeon  can  arrive 
[at  practical  certainty  as  to  whether  a  patient  will  be  able  to  sur\ive  a  given 
[operation;  can  decide  whether  an  organ  or  a  part  is  more  Ukely,  after  a  par- 
ticular intervention,  to  recover  than  to  succumb;  whether  systems  or  organs 
5 upon  whose  efficient  functioning  life  depends  can  or  cannot  be  called  upon  to 
perform  extra  work  with  safety  to  the  system,  organ,  or  indi\'idual;  whether 
unfavorable  conditions  can  be  amended,  or,  if  they  cannot,  whether  it  be  not 
advisable  for  him,  despite  the  unusual  risk  and  also  in  part  because  he  is  fore- 
warned, to  proceed;  and  whether  operative  success  may  not  be  better  attained, 
or  is  perhaps  only  possible,  by  doing  the  work  in  several  stages,  because  the 
patient  and  the  tissues  can  often  sur\'ive  repeated,  moderate  traumatisms, 
whereas  one  or  the  other  will  perish  if  too  much  is  attempted  at  one  sitting. 
In  the  present  article  the  effort  will  be  made  to  supply  such  information  as  will 
enable  the  siu-geon  to  decide  intelligently  the  questions  already  propounded,  and 
others  of  associated  importance.  This  comprises  all  that  should  be  attempted 
when  one  endeavors  to  formulate  the  general  principles  governing  decisions  as 
to  what  constitutes  a  contra-indication  to  operations  in  general  or  an  operation 
in  particular.  The  decision  when  to  operate  and  when  not  to  operate  must 
depend  upon  the  acquisition  of  knowledge  as  to  the  normal  or  abnormal  con- 
dition of  the  various  organs  and  systems;  and  also  upon  a  correct  estimate  of 
the  untoward  effects  upon  local  or  general  \ital  resistance  which,  as  has  been 
shown  by  clinical  experience,  are  produced  by  the  ascertained  variations  from 
the  normal.  Sometimes  other  factors  demand  full  consideration — such,  for 
example,  as  relate  to  the  patient,  the  capacity  of  the  surgeon,  the  probable 
outcome  of  operations  of  complaisance,  etc. 

Beyond  some  few  illustrations  which  will  be  given,  nothing  more  can  be 
done;  otherwise  every  phase  of  every  surgical  condition,  including  the  varying 
conditions  of  patients  and  all  conceivable  complications,  would  have  to  be 
reviewed.  To  do  this  would  require  the  compilation  of  a  work  including  the 
whole  of  operative  medicine.     Xo  hard  and  fast  rules  are  possible  whereby  the 

surgeon  can  unerringly  decide  for  or  against  operation  in  a  given  case. 
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Contra-indications  to  special  operations  \nll  be  dealt  with  under  their  proper 
captions,  and,  for  these,  more  positive  rules  are  permissible.  It  is  of  the  ut- 
most importance  to  determine  the  presence  of  certain  systemic,  anatomical, 
or  personal  conditions  presently  to  be  mentioned,  conditions  which  may  mili- 
tate against  the  successful  termination  of  any  operation,  and  the  kno^^Tl  pres- 
ence of  which  may  enable  the  surgeon  so  to  modify  his  technique  that  good 
results  may  be  secured  despite  the  unfavorable  conditions. 

The  vascular,  nervous,  pulmonary,  ha?mopoietic,  excretory,  and  gastro- 
intestinal conditions  which  may  unfavorably  influence  operative  interven- 
tions will  all  in  turn  be  studied,  and  the  real  importance  of  the  mooted  ques- 
tion of  age  will  be  carefully  considered. 

Anaesthesia. — No  operation  requiring  the  employment  of  a  general  anaes- 
thetic should  be  done  if  the  patient  has  recently  eaten  a  full  meal  of  solid  food 
or  has  partaken  freely  of  fluids  like  beer,  until  the  stomach  shall  have  been 
emptied,  either  by  an  emetic  or  by  means  of  the  stomach  tube,  as  the  risk  of 
inspiration  of  large  fragments  of  food  or  quantities  of  fluid  cannot  be  ignored. 
In  like  manner,  when  fecal  matter  is  present  in  the  stomach,  even  an  operation 
for  intestinal  obstruction,  strangulated  hernia,  or  appendicitis  should  be  de- 
layed until  a  stomach  tube  can  be  introduced  into  the  organ  and  its  cavity 
thoroughly  washed  out.  This  precaution  will  both  obviate  droWTiing  by  in- 
spiration of  the  stomach  contents  and  will  diminish  the  chances  of  toxa?mia 
and  prolonged  vomiting. 

The  administration  of  a  general  anaesthetic  is  more  than  ordinarily  danger- 
ous when  only  one  recurrent  laryngeal  nerve  is  paralyzed;  and,  when  both 
nerves  are  partially  involved,  as  they  often  are  in  goitre,  the  danger  is  greatly 
increased,  for  the  paralysis  is  likely  then  to  become  complete  under  anaesthesia, 
i.e.,  inspiration  will  be  suddenly  arrested.  Even  when  such  patients  take  the 
anaesthetic  quietly,  the  sudden  falling  back  of  the  head  when  the  patient  is 
lifted  upon  the  operating  table  \\dll  sometimes  bring  on  dangerous  interference 
with  respiration.  It  will  readily  be  understood  how  such  a  movement  of  the 
head  may  produce  this  effect,  when  it  is  remembered  that  the  muscles  of  the 
neck,  thus  put  upon  the  stretch,  cause  the  goitrous  tumor  to  exert  a  danger- 
ous degree  of  pressure  upon  the  recurrent  nerves.  It  is  for  these  reasons  that 
in  some  cases  of  thyroidectomy  the  employment  of  local  anaesthesia  should  be 
given  the  preference.  (See  also  the  article  on  "General  Anaesthetics"  in  the 
present  volume.) 

The  Environment. — Under  the  caption  of  environment,  inadequate  prepa- 
ration of  the  patient  and  the  field  of  operation  can  best  be  considered.  The 
environment  of  both  patient  and  surgeon  is  worthy  of  most  careful  considera- 
tion. For  example,  take  a  penetrating  bullet  wound  of  the  abdomen  received 
in  civil  life.  The  patient  is  usually  within  reach  of  a  well-equipped  hospital 
with  all  the  means  of  securing  asepsis,  efficient  nurses,  good  assistants,  and 
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^often  an  exceptionally  experienced  surgeon.  Tlie  patient  is  seen  only  a  short 
time  after  being  injured,  before  serious  extravasation  of  the  contents  of  any 
-wounded  hollow  \-iscus  has  taken  place,  or  severe  intra-abdominal  loss  of  blood 

occurred.  Under  such  circumstances,  ^ith  the  presumable  character  of 
[the  A-isceral  wounds  inflicted  by  a  soft -lead  ball,  and  the  strong  probability 
[that  the  missile  has  carried  in  fragments  of  infected  clothing,  an  imperative 
[necessity  exists  for  exploration  of  the  ball  tract  by  the  knife,  not  the  probe,  and, 
peritoneal  perforation  ha^'ing  been  demonstrated,  a  laparotomj^  is  demanded. 
The  probable  success  of  such  intervention  is  great,  much  greater  than  can  be 
secured  by  delay,  which  often  can  orJy  culminate  fatally.  It  is,  however, 
■v\ise  to  consider  the  conditions  usually  obtaining  at  the  dressing  or  ambulance 
fetation  on  the  battle-field,  where  the  possibiUty  of  securing  proper  asepsis, 
assistance,  and  a  skilled  operator  is  more  doubtful.  Moreover,  there  are, 
at  such  a  station,  numerous  pressing  cases,  in  which  immediate  attention  will 
certainly  avail,  while  in  that  of  the  abdominal  injury  it  may  eventually  be 
found  that  a  laparotomy  was  really  not  absolutely  needed,  or  the  operation 
may  prove  inefi"ective  even  when  indicated.  Then  again,  even  if  the  patient 
should  be  carried  to  a  field  hospital,  the  probabihties  are  that,  by  the  time 
when  it  is  possible  to  perform  the  operation,  the  special  benefit  belonging  to  an 
early  laparotomy — i.e.,  the  prevention  of  infection  and  the  arrest  of  serious 
bleeding  before  fatal  effusion  shall  have  occurred — will  no  longer  be  obtain- 
able. Similar  conditions  often  exist  in  civdl  practice,  as  when  the  patient's 
enwonment  is  such  that  he  cannot  receive  adequate  attention,  and  when 
peritonitis  has  been  permitted  to  gain  considerable  headway.  WTiile  no  en- 
vironment need  necessarily  deter  an  expert,  imfavorable  en^'ironment  often 
serves  to  hold  even  such  a  one  back  from  operating,  except  in  the  presence 
of  serious  internal  hemorrhage.  The  WTiter  does  not  deny  that  in  exceptional 
cases  success  is  attained  by  operating  for  abdominal  gunshot  wounds  under  the 
most  unpromising  conditions.  It  is  urged,  however,  that,  except  when  the  patient 
seems  in  danger  of  perishing  from  a  serious  hemorrhage  unless  an  immediate 
operation  be  performed,  it  is  rarely  possible  to  do  any  good  by  a  hasty  lapa- 
rotomy, especially  if  the  operator  lack  experience,  if  adequate  assistance  cannot 
be  secured,  and  if  the  en\ironment  be  unfavorable  in  other  respects;  and  the 
contra-indications  assume  an  almost  positive  character  if  there  is  reason  to 
believe  that  the  time  for  preventive  laparotomy  has  passed  by. 

Some  cases  of  ^^sceral  wounds,  especially  from  jacketed  bullets,  will  recover 
by  nature's  efforts,  wliile,  if  a  late  operation  be  attempted,  there  is  danger 
that  protective  adhesions  will  be  broken  up  and  that  infective  material  will  be 
■widely  distributed;  in  other  words,  that  nothing  but  harm  wiU  result  from  the 
interference.  Other  illustrations  of  the  contra-indications  resulting  from  en- 
%1ronment  will  be  furnished  later. 

Although  emergency  abdominal  and  cranial  operations  are  often  successfully 
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performed,  in  the  absence  of  what  is  usually  considered  adequate  preparation 
of  the  patient  and  the  field  of  operation,  no  one  will  maintain  that,  when 
possible,  especial  care  should  not  be  exercised  in  this  class,  or  indeed  in  any 
class,  of  cases.  Those  who  rarely  have  a  fatality  except  from  shock  or  hemor- 
rhage are  those  who  expend  most  time  and  care  upon  these  points,  especially 
when  intracranial  operations  are  concerned.  When  proposing  to  operate  for 
the  removal  of  a  brain  tumor,  for  the  relief  of  epilepsy,  etc.,  at  least  forty-eight 
hours  are  required  to  render  the  scalp  fairly  aseptic,  and  in  the  case  of  ab- 
dominal operations  it  is  better  to  begin  the  local  preparations  the  day  before. 
Those  who  have  had  an  extensive  experience  with  breast  amputations  recog- 
nize that  inadequate  disinfection  of  the  axilla  usually  results  in  most  serious 
infection  of  the  wound.  This  is  due  to  the  presence,  in  this  locality,  of  a  large 
number  of  sebaceous  glands,  which  render  the  parts  so  greasy  as  to  make 
mechanical  removal  of  germs  difficult  and  to  render  inert  such  germicidal  sub- 
stances as  mercuric  bichloride.  If  a  surgeon  who  has  operated  under  both 
modes  of  procedure  will  compare  the  results  obtained  under  the  earlier  regime^ 
with  those  which  he  now  secures  after  thoroughly  sterilizing  the  axilla  as  well 
as  the  immediate  field  of  operation,  he  will  readily  become  convinced  of  the 
advantages  of  a  painstaking  effort  to  obtain  asepsis.  Exceptional  skill,  ample 
assistance,  and  a  favorable  condition  of  the  patient  apparently  sometimes 
disprove  the  statements  just  made,  but  ''exceptions  only  prove  the  rule."  The 
inability  to  secure  proper  preparation  of  the  field  of  operation  should  in  many 
instances  be  at  least  a  temporary  contra-indication  to  operation. 

The  Personal  Qualifications  of  the  Operator  and  Assistants.— There 
are  certain  operations  which  demand  unusual  mechanical  dexterity  and,  even 
more  than  this,  a  large  experience  in  general  surgical  work.  These  qualifica- 
tions render  an  operator  resourceful  in  expedients  to  overcome  unforeseen  dif- 
ficulties. Such  operations  should  not  be  attempted  by  one  who  lacks  experi- 
ence, especially  as  they  nearly  always  may  be  deferred  until  a  competent 
surgeon  can  be  secured.  Still  further,  if  the  operator  be  inexperienced,  the 
contra-indication  is  rendered  more  imperative  if  there  be  at  the  same  time  a 
lack  of  skilful  and  experienced  assistants.  The  ease  and  certainty  with  which 
the  most  difficult  operations  are  completed  by  the  experienced  operator, 
when  aided  by  skilled  assistants,  stand  in  marked  contrast  with  the  partial 
or  complete  failure  which  is  apt  to  result  when  the  opposite  conditions 
prevail.  It  is  not  maintained  that  only  experts  in  a  given  class  of  opera- 
tions are  able  to  perform  them  satisfactorily,  although  it  is  desirable,  when 
possible,  to  obtain  the  services  of  such  men;  but  it  is  contended  that  a  man 
who  attempts  a  new  and  troublesome  operation  should  have  had  sufficient 
experience  in  other  classes  of  operative  cases  to  fit  him  to  deal  with  unexpected 
obstacles,  and  that  he  should  be  so  much  a  master  of  operative  technique  that, 
without  specific  knowledge  of  how  others  have  coped  with  difficulties,  he  may 
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be  able  promptly  to  recognize  in  what  respects  the  expedients  which  he  has 
been  wont  to  employ  in  analogous  emergencies  in  other  kinds  of  operations 
should  be  modified  in  order  successfully  to  cope  wath  the  new  conditions.  In 
other  words,  he  should  have  demonstrated,  by  repeated  ^^ctories  over  difficul- 
ties, that  if  he  meets  with  new  ones  he  will  be  able  to  overcome  them ;  or  else 
he  should  vN-ithhold  his  hand.  Unquestionably  surgery  and  humanity  would 
both  profit  if  this  kind  of  contra-indication  were  more  generally  recognized. 

Operating  in  Two  or  More  Stages. — Although  it  will  be  impossible  to 
indicate  specifically  all  instances  where  completing  an  operation  in  one  sitting 
is  contra-indicated,  a  few  examples  can  be  given  which  should  serve  as  a  guide 
to  any  operator  who  possesses,  to  a  moderate  degree,  surgical  instinct.  There 
may  arise,  during  almost  any  operation,  circumstances  which  contra-indicate 
further  interference,  and  it  should  be  distinctlj^  understood  that  it  is  good  sur- 
gical practice  to  have  "a  li^'ing  patient  rather  than  an  ideally  complete  opera- 
tion.'' Various  conditions  have  been  generally  accepted  by  surgeons  as  con- 
tra-indications  to  completing  an  operation  at  one  sitting,  and  some  of  these 
^\ill  be  mentioned  here.  For  example,  it  has  long  been  recognized  in  plastic 
work  that  the  attempt  to  sHde  flaps  too  far  vdW  often  result  in  their  failure  to 
unite,  or  will  lead  to  necrosis  of  the  stretched  parts;  while,  on  the  other  hand, 
if  they  are  shifted  only  a  moderate  distance,  they  will  Uve  and  wiU  unite  with 
the  deeper  parts,  and  may  then  be  successfully  sUd  further  at  subsequent  op- 
erations, imtil  finally  an  ideal  result  is  secured  instead  of  a  failure.  Again,  if 
a  liver  abscess  occupjing  the  upper  surface  of  the  hver  has  to  be  dealt  with, 
it  is  sometimes  impossible  to  reach  it  except  through  the  diaphragm,  thus 
opening  the  pleural  ca\'ity.  Under  these  circumstances  infection  of  the  serous 
membrane  can  be  avoided  by  one  of  two  procedures,  ^^z.,  by  primary  sutiu-ing 
of  the  parietal  pleura  to  the  diaphragmatic  pleura,  thus  shutting  off  the  thoracic 
caA-ity;  or,  where  this  is  impossible,  or  not  hkely  to  prove  secure,  by  the  use  of 
a  tamponade  for  as  long  a  time  as  possible,  to  secure  occlusion  by  the  forma- 
tion of  adhesions,  when  the  pus  can  be  safely  evacuated.  A  similar  procedure 
can  sometimes  be  adopted  when  the  abscess  has  to  be  opened  through  the  peri- 
toneal canity.  Lung  abscesses  ^\-ithout  adhesions  between  the  parietal  and 
pulmonary  pleurae  can  be  handled  safely  by  the  two-stage  operation;  and  the 
same  mode  of  procedure  may  be  employed  for  the  extraction  of  lodged  foreign 
bodies.  In  patients  much  reduced  in  ^igor,  empyemata  are  often  best  treated 
by  intercostal  incision  and  drainage  until  such  time  as  they  are  able  to  bear 
thoracoplasty.  Moreover,  the  area  of  the  thoracic  walls  which  must  be  ren- 
dered flexible  can  be  better  determined  by  the  extent  to  which  the  cavity  has 
been  obUterated,  after  the  lapse  of  time  requisite  to  fit  the  patient  for  the  major 
operation. 

Another  example  of  the  \N'isdom  of  doing  the  work  in  two  stages  is  furnished 
by  the  operation  for  extirpating  the  semilunar  ganglion.  In  this  operation  the 
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hemorrhage  is  sometimes  so  profuse  as  either  to  endanger  the  patient's  Hfe  or 
to  obscure  the  field  of  operation  to  such  a  degree  that  the  procedure  cannot 
safely  be  completed.  Under  such  circumstances  the  operation  may  be  stopped 
and  the  wound  tamponed.  After  the  lapse  of  several  days  it  will  be  practi- 
cable to  remove  the  ganglion  without  further  hemorrhage  of  any  moment.  In 
many  other  classes  of  cases  in  which  the  occurrence  of  hemorrhage  requires 
tamponade,  or  in  which  there  is  some  doubt  as  to  the  completeness  of  the 
asepsis,  it  is  impossible,  or  unwise,  to  attempt  to  secure  primary  union.  Under 
such  circumstances  one  may  resort  later  to  "secondary  suture,"  by  means  of 
which  healing  may  often  be  secured  quite  as  rapidly  as  in  cases  of  primary 
suturing. 

In  some  cases  of  carcinoma  of  the  tongue  the  condition  of  the  patient  ap- 
pears to  forbid  removing  at  one  sitting  both  the  diseased  organ  and  the  second- 
ary growths  in  the  neck.  Under  these  circumstances  a  secondary  operation 
can  be  done  later  with  excellent  results.  Indeed,  during  such  operations  con- 
ditions may  occasionally  arise,  even  in  the  robust,  w^hich  should  induce  the 
prudent  surgeon  to  postpone  clearing  the  neck  to  some  future  time.  Although 
theoretically  such  operations  should  be  completed  at  one  sitting,  it  is  some- 
times better  to  postpone  their  completion  until  the  patient  has  rallied  from 
the  first  intervention.  In  some  prostatics  of  advanced  age,  with  seriously  in- 
fected bladders,  success  can  be  attained  only  by  a  prehminary  drainage  of  the 
bladder  before  proceding  to  remove  the  prostate. 

Medico-legal  Considerations. — The  absence  of  legal  consent  to  an  opera- 
tion at  times  serves  as  a  contra-indication.  That  which  follows  is  the  opinion 
given  by  a  distinguished  lawyer;  the  subject  will  be  fully  treated  in  Vol.  VIII.  : 

In  case  of  a  surgical  operation  upon  a  wife,  it  is  always  desirable  to  get  the  consent 
of  the  husband.  If  the  operation  is  a  dangerous  one  and  may  be  followed  by  dis- 
astrous results,  it  is  advisable  to  procure  the  husband's  consent  if  it  can  be  done 
without  danger  to  the  patient  through  delay  necessary  for  that  purpose.  If  the 
operation  must  take  place  at  once  in  order  to  save  life  or  prevent  disastrous  results, 
and  there  is  no  time  for  getting  the  consent  of  the  husband,  the  operator  may  un- 
doubtedly proceed  with  the  consent  of  the  wife  if  she  is  in  condition  to  give  consent. 
The  husband  cannot  arbitrarily  and  unreasonably  withhold  his  consent.  And  if  it 
is  apparent  that  an  operation  is  absolutely  necessary^  and  the  wife  desires  it,  the 
operator  may  certainly  proceed  without  consent  of  the  husband.  A  husband  has 
no  right  to  imperil  the  life  of  his  wife  by  withholding  his  consent  to  an  operation 
if  it  is  apparent  that  it  should  take  place.  Consent  of  the  w-ife  to  an  operation 
upon  the  husband  is  not  probably  necessary,  although  it  could  do  no  harm  to  ob- 
tain it,  and  if  it  can  be  done  without  special  trouble  it  is  advisable  that  it  be 
obtained. 

Ordinarily,  in  case  of  an  operation  upon  a  minor,  the  consent  of  the  parent  or 
guardian  should  be  obtained,  although  if  the  operation  is  necessary  and  consent 
cannot  readily  be  obtained,  and  if  the  minor  has  arrived  at  years  of  discretion  and 
understanding,  his  consent  probably  would  be  regarded  as  sufficient. 
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Vasculax  Apparatus. — The  briefest  stud}'  of  the  physiology  of  the  vasciilar 
apparatus  vnh  demonstrate  beyond  all  ca\-il  that  upon  its  integrity  depends 
much  of  the  success  or  failure  of  operations.  Upon  the  proper  maintenance 
of  nutrition  depends  not  only  health,  but  also  the  power  of  the  tissue  cells  suc- 
cessfully to  cope  with  an  invasion  of  the  germs  of  infection — either  by  prevent- 
ing them  from  securing  a  lodgment  in  the  body  or  by  gaining  the  final  victory 
over  them  after  they  have  secured  such  lodgment  and  have  begun  to  multiply. 
Still  further,  upon  the  normal  nutrition  of  the  blood-making  and  digestive 
organs  one  must  rely  for  the  restoration  of  blood  losses  and  the  maintenance  of 
the  quaUty  of  the  blood,  upon  both  of  which  depends  the  recovery  of  any  pa- 
tient who  is  subjected  to  exhausting  and  prolonged  wound  discharges.  This 
depletion  occurs  after  certain  operations  in  spite  of  modern  wound  treatment. 
A  moment's  reflection  vnll  also  con\'ince  one  that  proper  nutrition  depends  upon 
a  normal  condition  of  the  vascular  supply  to  the  tissues. 

When  an  operation  interferes  much  with  the  direct  arterial  supply,  let  us 
say,  to  one  or  both  sides  of  the  brain,  as  in  hgation  of  one  or  both  common 
carotids,  or  entails  the  interruption  of  the  main  blood  supply  to  the  lower  ex- 
tremity, as  when  a  popUteal  aneurism  is  extirpated,  the  proper  nutrition  of 
the  brain  or  Umb  respectively  will  depend  upon  the  rapidity  and  extent  of  the 
development  of  the  collateral  vessels.  The  readiness  with  which  this  develop- 
ment of  the  small  vessels  takes  place,  and  the  large  size  which  these  arterial 
chaimels  attain,  are  phenomena  which  depend  on  the  physical  conditions  of  the 
vascular  system.  If  they  are  to  occur,  the  collateral  vessels  should  either  re- 
tain their  normal  dilatability  under  increase  of  intravascular  pressure  or  they 
should  not  fall  far  short  of  this,  and  the  heart  muscle  should  also  possess 
normal  or  nearly  normal  power  of  supplying  a  vis  a  tergo,  thus  compelling 
the  vessels  to  dilate  to  a  sufficient  degree.  Conversely,  arteriosclerosis  "^ith 
its  common  accompaniment,  a  related  change  in  the  heart  muscle,  too  often 
contributes  to  cerebral  softening  or  gangrene  of  the  hmb  when  the  direct  ar- 
terial supply  is  interrupted.  A  just  estimate  of  the  inadequate  dilatabiUty  of 
the  collateral  vessels,  in  the  class  of  cases  mentioned,  vnh  often  enable  the  surgeon 
to  secure  success,  or  at  least  to  avoid  disaster,  by  adopting  measures  which  take 
account  of  this  defect.  Thus,  for  example,  in  the  case  of  an  aneurism  it  is  wise 
not  to  attempt  the  extirpation  of  the  aneurismal  sac,  for  fear  that  the  damage 
done  to  the  tissues  through  which  the  collateral  circulation  will  have  to  be  car- 
ried on  may  imperil  the  integrity  of  the  anastomosing  vessels.  Again,  in  low 
leg  amputations  for  senile  gangrene  a  recurrence  of  the  disease  is  the  rule, 
while  in  a  few  cases  the  hmb  will  retain  its  \-itality  for  a  distance  below  the 
knee,  as  illustrated  by  attempts  at  spontaneous  separation  below  the  tubercle 
of  the  tibia.  In  such  cases  the  collateral  branches  anastomosing  with  the  pro- 
funda possess  sufficient  elasticity  to  admit  of  a  fair  blood  supply  to  the  tissues, 
and  an  amputation  below  the  knee  may,  therefore,  under  these  circumstances, 
^OL.  r\'.— 8 
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succeed.  Still  further,  if  the  limb  is  removed  at  the  junction  of  the  lower 
and  middle  thirds  of  the  thigh  the  flaps  will  usually  retain  their  vitality  and 
healing  will  be  promptly  effected.  This  is  easily  expHcable.  The  sclerosed 
vessels  are  often  thrombosed  as  high  up  as  the  groin,  or  the  pophteal  is  at  least 
blocked  throughout  the  whole  of  its  course ;  hence  the  flaps  of  a  low  leg  ampu- 
tation, depending  for  their  nutrition  solely  upon  the  estabhshment  of  a  col- 
lateral circulation,  which  the  rigid  condition  of  the  small  vessels  prevents,  per- 
ish, while  the  flaps  of  a  thigh  amputation  retain  their  vitality,  owing  to  the 
fact  that  they  receive  their  blood  supply  directly  from  the  patent  profunda  and 
its  branches.  The  question  whether  to  amputate  or  not,  in  cases  of  compound 
fracture  of  a  limb,  may  depend  more  upon  the  integrity  of  the  patient's  heart 
and  arteries  than  on  all  the  other  conditions  combined.  In  deciding  the  ques- 
tion of  amputation,  therefore,  in  cases  of  traumatism,  the  surgeon  should 
have  for  his  guiding  principle  the  adequateness  of  the  blood  supply  to  the 
parts  distal  to  the  seat  of  the  open  (compound)  fracture.  If  all,  or  nearly 
all,  the  direct  arterial  supply  be  cut  off  by  occlusion  of  the  main  vessels, 
the  nutrition  of  the  member  will  be  supplied  solely  by  the  collateral  circula- 
tion. This  being  the  fact,  these  questions  present  themselves:  Are  the  soft 
tissues  which  contain  the  anastomosing  vessels  sufficiently  intact  to  serve 
the  purpose  of  furnishing  an  adequate  collateral  circulation?  and,  Is  the 
heart's  action  equal  to  the  purpose?  Should  there  be  any  doubt  in  regard  to 
these  matters  it  is  of  prime  importance  to  ascertain  whether  or  not  the  estab- 
lishment of  a  proper  collateral  circulation  is  likely  to  be  interfered  with  through 
strangulation  of  the  anastomosing  vessels  by  inflammatory  exudate.  Hence 
the  further  importance  of  estimating  the  degree  of  prospective  infection.  If 
no  such  obstacles  to  the  estabhshment  of  a  collateral  circulation  are  likely  to 
arise,  there  is  a  strong  probabihty  that  the  attempt  to  save  the  lynb  will  suc- 
ceed. On  the  other  hand,  if  severe  inflammation  is  Hkely  to  develop,  it  may 
be  assumed  that  the  small  blood-vessels  will  then  be  compressed  by  the  inflam- 
matory exudate  and  that  gangrene  will  almost  certainly  occur.  Under  these 
circumstances,  therefore,  amputation  would  prove  to  be  the  better  practice. 
Still  other  questions  are  likely  to  arise.  Will  the  damaged  tissues  receive  even 
enough  pabulum  to  limit  the  spread  of  the  infection,  so  that,  although  limited 
death  of  the  part  results,  somatic  death  may  be  avoided;  or  will  the  patient 
probably  succumb  to  the  systemic  infection  if  the  limb  be  not  removed?  If, 
in  a  given  instance,  all  the  preceding  queries  have  been  favorably  answered, 
there  will  still  remain  for  consideration  the  question,  Does  the  probable,  or 
even  the  certain,  future  degree  of  usefulness  of  the  member  warrant  the  neces- 
sarily greater  risk  to  life  of  so-called  conservatism  as  compared  with  amputa- 
tion? This  question  must  be  carefully  considered,  especially  where  much  bone 
has  already  been  destroyed  or  is  almost  sure  to  perish  from  a  severe  degree  of 
infection.     The  difficulty  of  maintaining  the  general  nutrition  in   the  very 
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young  or  the  very  old,  particularly  when  prolonged  suppuration  follows  con- 
servative delay :  the  risk  of  prolonged  confinement  hi  the  case  of  the  aged ;  the 
greater  necessity  of  sa^'iIlg  the  hmb  in  the  case  of  a  laboring  man  than  in  that  of 
a  well-to-do  person ;  the  loss  of  time  and  wages  entailed  in  preser^^ng  a  crippled 
limb  for  a  laboring  man ;  and  possibly  other  unfavorable  circumstances,  are  often 
significant  contributory  factors  in  deciding  for  or  against  amputation  for  injury. 

As  it  is  said,  "We  are  no  older  than  our  blood-vessels"":  hence  the  influ- 
ence of  "old  age,"  from  the  operative  standpoint,  should  be  gauged  by  the  de- 
gree of  degenerative  changes  present  in  the  heart  and  arteries.  Degenerative 
vascular  changes  are  sometimes  present  to  an  extreme  degree  in  those  who 
have  not  yet  reached  middle  age.  Although  it  is  not  unusual  to  find  that  the 
blood-vessels  of  those  of  advanced  years  have  undergone  serious  degeneration, 
still  such  changes  may  be  but  slightly  marked  in  the  old.  Arteriosclerosis 
causes  not  only  impaired  nutrition  and  consequent  loss  of  tissue-resistance, 
but  also,  directly  or  indirectly,  a  lessening  of  the  power  to  regenerate  blood, 
which  latter  feature  often  renders  hemorrhage  dangerous  in  the  old.  Never- 
theless, many  patients  who  are  old  in  years  have  relatively  young  vessels,  and 
their  powers  of  digestion  and  assimilation,  and  of  regenerating  blood,  are  pre- 
sers'ed.  Under  such  conditions  the  elderly  patient  may  prove  as  good  an  opera- 
tive risk  as  a  man  of  twenty  years.  (See  article  on  "General  Surgical  Prog- 
nosis '  in  Vol.  I.) 

Infants  and  young  children  do  not  bear  well  the  loss  of  blood.  During 
infancy  and  early  childhood  the  blood-  and  tissue-regenerative  powers  are 
usuaUy  adequate,  but,  after  comparatively  small  losses  of  blood,  shock  is  often 
marked  and  of  prolonged  duration.  In  some  cases  death  may  even  follow, 
owing  mainly  to  the  fact  that  the  cerebro-spinal  and  the  vasomotor  systems, 
upon  whose  proper  functioning  life  depends,  are  deprived  of  adequate  pabu- 
lum for  so  long  a  period  of  time.  This  lethal  result  may  depend  in  part  on  the 
actual  lessening  of  the  bulk  and  quahty  of  the  blood  by  the  hemorrhage,  and 
in  part  on  the  diversion  of  blood  into  the  capacious  abdominal  vessels,  enlarged 
to  their  fullest  capacity  through  vasomotor  paralysis.  (See  "Surgical  Shock," 
p.  463.  Vol.  I.)  It  nmst  therefore  be  remembered  that,  while  severe  losses  of 
blood  may  prove  serious  in  operations  upon  indi\iduals  of  all  ages,  these  losses 
are  specially  dangerous  in  the  case  of  the  very  young.  Consequently,  when 
there  is  a  choice  between  an  operation  entailing  much  hemorrhage  and  one 
where  the  bleedmg  will  be  slight,  the  latter  should  be  chosen  when  practicable, 
and  strict  precautions  should  be  taken  to  prevent  the  untoward  effects  of  the 
loss  of  blood  which  may  happen  during  the  selected  operation.  The  author 
has  seen  an  infant's  life  greatly  and  needlessly  imperilled  after  operation  for 
uncomplicated  hare-lip,  from  uncontrolled  bleeding. 

The  Heart. — .\s  has  already  been  intimated,  chronic  myocarditis  and  its 
results  often  coincide  \\'ith  arterial  degeneration.     It  is  of  great  moment  to  the 
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patient  and  to  the  reputation  of  the  profession  for  wisdom  that  the  unfavor- 
able influence  of  this  condition  be  properly  estimated,  not  only  because  of  its 
possible  effect  upon  the  result  of  the  operation  itself,  but  also  on  account  of 
the  increased  risk  attending  the  administration  of  a  general  anaesthetic  to  a 
person  thus  affected.  It  is  under  circumstances  like  these  that  the  question  of 
employing  local,  infiltration,  or  spinal  anaesthesia  can  be  properly  considered. 
Fatty  degeneration  of  the  heart  is  also  a  serious  condition,  and,  if  well  marked, 
should  be  viewed  as  a  contra-indication  to  any  operation  of  complaisance. 
It  is  only  when  the  indications  for  operative  interference  are  urgent  that  the 
surgeon  is  justified  in  disregarding  this  condition  of  the  organ;  and,  if  the  case 
is  one  in  which  a  general  anaesthetic  must  be  employed,  chloroform  should  not 
be  selected.  (See  article  on  ''General  Anaesthetics ' '  in  this  volume.)  Changes  in 
the  myocardium  which  are  well  compensated  and  which  are  not  associated  with 
imperfectly  performed  renal  functions  do  not  seem  to  influence  unfavorably  the 
course  of  a  carefully  administered  general  anaesthesia,  or  the  subsequent  well- 
being  of  the  patient.  Relatively  young  patients  who  have  structural  changes 
in  the  myocardium  and  also  arteriosclerosis,  and  who  have  at  the  same  time 
bronchitis  or  pulmonary  emphysema,  are  liable  to  serious  primary  or  secon- 
dary heart  failure  in  chloroform  narcosis.  In  this  class  of  cases  local  or  spinal 
anaesthesia  should  be  employed  if  practicable,  instead  of  a  general  anaesthesia. 
Valvular  cardiac  lesions  which  are  well  compensated  need  not  interfere  with 
iiecessary  operative  intervention,  but  lack  of  compensation  may  lead  to  seri- 
ous consequences  at  the  time  of  operation,  and  later  may  indirectly  interfere 
with  proper  recovery  and  efficient  repair.  Although  this  rarely  happens,  acute 
dilatation  of  the  heart  may  complicate  an  attack  of  acute  appendicitis.  In 
such  a  case  as  this  the  operation  should,  if  possible,  be  postponed  until  the 
condition  of  the  heart  can  be  improved.  Furthermore,  if  under  these  condi- 
tions perforation  has  occurred  a  general  anaesthetic  should,  if  possible,  not  be 
employed,  but  instead  resort  should  be  had  to  local  anaesthesia;  and  the  opera- 
tion should  be  limited  to  that  which  is  absolutely  essential  to  save  life. 

The  importance  of  ascertaining  the  condition  of  the  heart,  chiefly  by  a  de- 
termination of  the  vascular  pressure,  has  been  emphasized  by  Kocher  when 
considering  thyroidectomy,  especially  for  exophthalmic  goitre.  Kocher,  who 
has  completed  more  than  three  thousand  operations  for  all  forms  of  goitre, 
insists  that  even  such  a  slight  lowering  of  the  blood  pressure  as  20  mm.  below 
the  normal  renders  thyroidectomy  "somewhat  hazardous,"  while  the  presence 
of  the  cardiac  insufficiency  of  a  marked  "goitre  heart,"  which  is  so  often  seen 
in  advanced  exophthalmic  goitre,  should,  in  his  judgment,  serve  as  a  distinct 
contra-indication  to  thyroidectomy. 

The  effect  of  general  anaemia  upon  the  heart,  with  its  possibilities  of  dilata- 
tion, should  not  be  overlooked;  this  complication,  however,  will  be  dwelt  on 
later  under  another  caption. 


CONTRA-INDICATIOXS  TO  OPERATING.  117 


l„ ..„.. 

^ft  condition  of  the  digestive  organs  less  frequently  plays  the  prominent  part  in 
^Bthe  recovery  or  death  of  the  patient  than  it  did  formerly,  when  severe  losses 
^K  of  blood  resulted  from  operations,  and  suppuration  (often  most  profuse)  was 
the  rule,  yet  the  possibility  that  both  may  attend  upon  modern  operative  in- 
tervention renders  it  ad^^sable  to  give  heed  to  the  condition  of  the  gastro- 
intestinal functions.  It  should  also  not  be  forgotten  that  perverted  digestion 
may  lead  to  the  formation  of  imperfectly  elaborated  substances  which  the  liver 
and  kidneys,  perhaps  already  crippled,  cannot  eliminate,  and  that  auto-intoxi- 
cation, from  intestinal  sepsis,  may  add  its  deleterious  influence  to  that  of  germ 
infection.  Due  consideration  of  these  facts  will  often  lead  to  preparatory  and 
later  treatment  which  will  avert  harmful  results  that  might  otherwise  turn 
the  scale  against  recovery.  The  success  of  many  of  the  older  surgeons,  despite 
their  ignorance  of  antisepsis  and  asepsis,  was  unquestionably  due  in  large  meas- 
ure to  their  recognition  of  the  e^'il  effects  of  conditions  which  we  now  recog- 
nize as  auto-intoxication  and  intestinal  sepsis,  to  the  care  ^sith  which  they 
prepared  their  patients  for  operation  and  regulated  their  diet,  and  finally  to 
the  efforts  which  they  made  to  secure  elimination  of  morbific  agents. 

Persistent  and  other\A-ise  unexplained  diarrhoea  in  those  suffering  from  pro- 
longed suppuration,  especially  when  the  latter  arises  from  chronic  bone  or  joint 
lesions,  should  arouse  suspicions  as  to  the  presence  of  commencing  amyloid 
disease  of  the  intestinal  vessels.  If,  in  addition,  the  liver  be  enlarged  and  al- 
bumin with  amyloid  casts  be  present  in  the  urine,  the  suspicions  should  give 
place  to  practical  certainty,  and  should  encourage  the  doing  of  surgical  pro- 
cedures calculated  to  lessen  or  arrest  the  causative  suppuration.  Under  these 
circumstances,  therefore,  amputation  may  be  done  rather  than  excision  or  the 
erasion  of  a  joint;  and  the  amyloid  change,  which  ordinarily  might  be  con- 
sidered a  contra-indication  to  operation,  presents  an  indication  for  active  in- 
tervention, since  by  this  means  the  suppurating  tissues  will  be  promptly  elim- 
inated. The  beneficial  results  are  often  strikingly  noticeable  in  children,  in 
whom  subsidence  of  an  enlarged,  liver  and  amelioration  of  the  other  symptoms 
sometimes  promptly  follow  the  removal  of  a  suppurating  area. 

The  Genito-Urinary  Apparatus. — The  question  of  proper  elimination  is 
intimately  related  to  that  of  a  normally  functioning  gastro-intestmal  tract. 
It  is  a  common  practice  to  scrutinize  the  urine  for  albumin  and  sugar,  and 
also  to  search  for  the  possible  presence  of  renal  tube  casts,  but  how  seldom 
it  is  that  a  careful  estimate  is  made  of  the  quantity  and  quahty  of  the  sohds 
of  the  urine,  even  before  operations  on  the  kidney.  Such  an  examination  may 
often  show  the  quite  certain  failure  of  a  radical  operation  because  of  renal  in- 
sufficiency, although  it  may  be  posvsible  to  adopt  some  palHative  measure  until 
more  favorable  conditions  are  established.  Special  difficulties  sometimes  arise 
after  the  administration  of  a  general  anaesthetic  to  a  patient  in  whom  the  uri- 
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nary  solids  are  abnormally  excreted;  and,  when  the  latter  fact  is  knovrn,  it  is 
advisable,  if  time  permit,  to  correct  all  such  deviations  from  the  normal  by 
careful  preparatory  treatment.  Albumin  in  the  urine  may  mean  nothing 
serious,  but,  when  demonstrably  of  diseased  renal  origin,  it  should  raise  the 
question  of  the  propriety  of  employing  local  instead  of  general  anaesthesia, 
and,  if  this  latter  form  must  be  used,  the  ansesthetizing  agent  should  be  cau- 
tiously administered  and  restricted  to  the  minimum  amount.  Sugar  in  the 
urine  must  be  proven  to  be  due  to  diabetes  before  any  steps  are  taken  to  treat 
the  condition  as  an  unfavorable  one  in  itself,  because  sometimes,  although 
rarely,  it  is  of  septic  origin  and  indicates  rather  than  contra-indicates  opera- 
tion, especially  when  the  contemplated  procedure  removes  the  source  of  the 
infection.  Again,  when  genuine  diabetes  is  present,  if  delay  is  permissible, 
proper  dietetic  and  medicinal  treatment  may  be  undertaken,  as  this  will  often 
greatly  lessen  the  quantity  of  sugar  excreted,  thereby  diminishing  the  predisposi- 
tion to  infection  and  the  evil  effects  which  the  latter  exerts  upon  tissue  repair. 
Unquestionably,  diabetic  sugar  in  the  tissue  fluids  renders  them  a  better  microbic 
culture  medium,  although,  if  asepsis  is  maintained,  this  risk  is  removed.  The 
possibility  of  avoiding  a  sudden  and  possibly  fatal  attack  of  diabetic  coma,  due 
to  the  combined  effect  of  the  operation  and  the  anaesthetic,  can  usually  be 
averted  by  preliminary  treatment. 

The  question  as  to  the  increased  dangers  attending  the  use  of  general  anaes- 
thetics, and  the  performance  of  operations  in  those  in  whose  urine  acetone  is 
detected,  is  still  a  mooted  one.  Some  contend  that  when  this  condition  exists 
before  anaesthesia  the  acetonuria  is  not  increased  nor  does  other  harm  result. 
It  would  be  certainly  wiser,  however,  when  possible,  to  remove  this  condition 
before  operation. 

Although  menstruation  is  no  bar  to  operations  of  immediate  urgency,  yet 
it  is  undesirable  to  operate  during  or  just  before  the  advent  of  a  period.  The 
disturbances  then  often  experienced  are  apt  to  be  exaggerated  and  they  some- 
times obscure  the  true  condition  of  the  post-operative  course. 

No  attempt  will  be  made  to  give  all  the  contra-indications  presented  by 
the  diseases  and  conditions  of  the  genito-urinary  system,  but  it  is  of  importance 
to  recognize  that  the  highest  operative  success  is  dependent  upon  a  nice  dis- 
crimination as  to  the  relative  importance  of  the  abnormal  conditions  present. 
As  an  illustration,  calculous  cystitis  cannot  be  said  to  contra-indicate  lithotrity. 
Nevertheless,  the  surgeon  should  endeavor  to  estimate  whether  the  cystic  in- 
flammation is  so  advanced  that  the  mere  removal  of  the  stone  by  this  opera- 
tion can  scarcely  be  followed  by  a  return  of  the  bladder  to  its  normal  con- 
dition. The  draining  of  this  viscus  which  is  secured  by  lithotomy  is  clearly 
indicated  in  such  a  case;  for,  if  the  surgeon  places  his  trust  in  a  simple  lithotrity, 
he  may  either  lose  his  patient  or,  if  recovery  ensues,  he  may  find  it  necessary, 
through  the  failure  of  that  operation  to  afford  any  distinct  relief,  to  drain  the 
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bladder  by  a  cystotomy:  the  beneficial  results  thus  obtained  demonstrating 
that  a  primary  lithotom)'  would  have  been  the  better  procedure. 

Retention  of  urine  from  urethral  stenoses,  such  as  occur  during  the  acute 
stages  of  gonorrhoea,  should  not  be  relieved  by  the  catheter,  but  by  the  hot  sitz 
bath  and  morphia;  and,  if  these  fail,  the  best  course  is  to  resort  to  repeated 
aspirations  with  a  small  needle.  WTiile  this  may  seem  to  be  heroic  treatment, 
it  must  be  remembered  that  the  almost  ine\'itable  cystitis  with  all  its  perils, 
and  the  damage  inflicted  upon  the  swollen,  lacerable  urethral  mucosa  by  fre- 
quent introductions  of  the  catheter,  are  more  dangerous  than  repeated 
aspirations. 

The  Nervous  System. — Insanity  and  diseases  of  .the  nervous  system  should 
not  be  considered  a  bar  to  necessary  operations,  especially  when  the  conditions 
for  which  they  are  to  be  done  are  dangerous  to  life  or  tend  to  aggravate  the 
nervous  condition.  On  the  other  hand,  the  difficulties  experienced  in  control- 
ling the  insane,  or  the  incessant  muscular  contractions  of  choreic  patients,  can- 
not be  ignored,  and  at  times  may  prove  insuperable  obstacles  to  operations, 
even  such  as  would  otherwise  promise  good  results.  It  should  also  never  be 
forgotten  that  operations  invol\"ing  the  genital  apparatus  of  men  or  women 
sometimes  precipitate  an  outbreak  of  mania  or  melancholia  in  patients  hitherto 
sane.  Still  further,  the  removal,  in  the  case  of  young  women,  of  the  diseased 
tubes  and  ovaries  which  seem  to  be  the  cause  of  their  mental  condition  at  times 
converts  a  slight  abnormal  mental  state  into  one  of  violent  mania.  At  the  same 
time  it  is  true  that,  in  properly  selected  cases,  much  good,  if  not  a  cure, 
results  from  such  an  operation.  Extreme  care,  however,  must  be  exercised  in 
making  the  selection,  and  the  prognosis  should  be  guarded. 

Indi\'iduals  afflicted  ^^•ith  insomnia  should  be  A^iewed  with  suspicion,  as 
they  are  very  likely  to  belong  to  the  class  of  those  who  indulge  in  alcohol  to 
excess  in  private,  or  to  that  of  the  so-called  "moderate  drinkers,''  who  are  never 
drunk.  Individuals  belonging  to  either  of  these  classes  may,  as  the  result  of 
the  combined  elTect  of  the  shock  of  an  operation  and  the  withdrawal  of  their 
alcohol,  develop  delirium  tremens  or  a  condition  of  sleeplessness  wliich  is  a 
serious  obstacle  to  their  recovery.  Vnder  such  conditions  the  ingestion  and 
assimilation  of  food  are  seriously  interfered  v\-ith,  and  those  who  are  feeble,  or 
who  are  subjected  to  losses  of  blood  and  profuse  wound  discharges,  speedily 
become  exhausted. 

The  period  of  dentition,  especially  when  several  teeth  are  approacliing  the 
surface  at  the  same  time  but  have  still  considerable  tissue  to  penetrate,  is  re- 
garded by  some  as  an  objectionable  time  for  the  performance  of  any  but  opera- 
tions of  necessity. 

Fear. — It  is  extremely  difficult  to  determine  what  weight  should  be  given 
to  the  undue  fear  experienced  by  some  patients  concerning  a  fatal  outcome  of 
a  proposed  operation,     ^^^lere  but  little  is  required  to  turn  the  scajes  toward 
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the  side  of  death,  unquestionably  fear  may  sometimes  lead  to  fatal  results 
through  psychical  shock,  through  the  lack  of  co-operation  of  the  patient  in  de- 
clining proper  nourishment,  through  loss  of  sleep,  and,  finally,  through  the 
impaired  resistance  which  results  from  the  combination  of  all  these  factors. 
Such  extreme  dread  as  is  referred  to  here  should  be  carefully  considered,  so 
that  every  effort  may  be  made  to  soothe  the  fears  of  the  sufferer,  as  the  suc- 
cessful outcome  of  an  operation  sometimes  materially  depends  on  the  tranquil- 
lized state  of  his  mind.  In  cases  where  the  proposed  operation  is  not  absolutely 
necessary,  but  somewhat  a  matter  of  choice,  and  is  in  itself  perilous  to  life,  the 
fixed  conviction  of  the  patient  that  recovery  will  not  take  place  should  occa- 
sionally be  considered  as  a  contra-indication.  It  is  often  not  the  most  formidable 
and  dangerous  operations  which  thus  terrify  patients,  and  it  is  not  always  the 
hysterical  or  silly  who  are  the  victims  of  this  dread.  Psychical  shock,  although 
almost  never  fatal  of  itself,  may  readily  prove  a  determining  lethal  factor  in  a 
patient  with  unsound  organs,  who  is  also  subjected  to  the  physical  shock  and 
loss  of  blood  of  an  operation. 

The  Pulmonary  Conditions. — In  all  supposed  cases  of  appendicitis  in  chil- 
dren a  careful  examination  of  the  lungs  is  requisite,  as  it  is  now  well  known 
that  pain  and  tenderness  in  the  lower  right  abdomen,  with  some  rigidity  of  the 
muscles  in  the  neighborhood,  may  sometimes  be  the  main  initial  symptoms  in 
right-sided  pneumonia.  Both  conditions  may  of  course  coincide,  but  a  physi- 
cal exploration  of  the  chest  will  exclude  pneumonia  and  demonstrate  the  neces- 
sity for  a  rigid  investigation  such  as  will  determine  the  presence  of  appendicitis. 

The  question  of  operating  during  an  acute  pulmonary  ailment — as,  for  in- 
instance,  for  strangulated  hernia — need  be  considered  only  so  far  as  the  choice 
of  the  anaesthetic  is  concerned.  When  possible,  local  or  spinal  ansesthesia  is 
safer  than  inhalation  anaesthesia,  but,  should  this  latter  be  found  to  be  an  abso- 
lute necessity,  chloroform  is  to  be  preferred,  in  most  instances  preceded  by  a 
proper  dose  of  morphine  and  atropia.  As  previously  stated,  pulmonary  em- 
physema, especially  when  coinciding  with  sclerotic  changes  in  the  heart  muscle 
and  arteries,  should  receive  careful  consideration.  In  such  cases  the  question 
as  to  the  propriety  of  any  operation  naturally  arises.  If  operation  be  decided 
upon,  a  careful  choice  of  the  ansesthetic  should  be  made,  and  the  duration  of 
its  administration,  as  well  as  the  amount  administered,  should  be  reduced  to 
the  minimum. 

Nothing  that  has  already  been  said,  or  that  may  be  mentioned  later,  should 
be  interpreted  as  a  positive  contra-indication  to  operations  required  to  save 
life  or  the  function  of  an  important  organ;  but,  where  the  necessity  for  operat- 
ing is  not  clear,  or  where  there  is  a  choice  between  the  methods  of  procedure, 
the  decision  should  always  be  in  favor  of  the  course  which  will  subject  the 
patient  to  the  least  risk.  Pulmonary  tuberculosis,  especially  if  it  be  in  its 
earliest  stages,  often  demands  the  removal  of  suppurating  lymph  nodes,  the 
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excision  of  painful,  disintegrating,  or  suppurating  tuberculous  joints,  the  evac- 
uation of  an  empyema,  etc.,  all  of  which  conditions  are  a  serious  drain  upon  the 
patient's  strength.  Only  such  operative  measures  should  be  adopted  as  "will 
effect  relief  of  the  local  condition  with  the  minimum  of  confinement  to  bed  or 
the  house,  and  without  entailing  any  serious  degree  of  suppuration.  The  im- 
portance of  this  rests  upon  the  fact  that  pulmonary  tuberculosis  is  often  cura- 
ble if  the  debilitating  effects  of  other  foci  can  be  removed.  Hence  it  is  pref- 
erable, in  cases  like  those  which  are  now  under  consideration,  not  to  resort 
to  an  excision  or  to  erasion  of  a  suppurating  joint  or  a  joint  involved  in  ex- 
tensive tuberculous  changes,  but  to  perform  an  amputation.  Oftentimes, 
when  this  course  is  adopted,  cases  of  incipient  pulmonary  tuberculosis  undergo 
a  permanent  cure,  and  it  is  not  an  unusual  event  for  some  amehoration  of  the 
lung  condition  to  take  place  even  in  the  more  advanced  cases.  On  the  other 
hand,  in  cases  in  which  the  lungs  are  seriously  diseased,  and  in  which  death 
from  tuberculosis  is  a  mere»matter  of  time,  only  the  minor  surgical  procedures, 
which  can  be  effected  under  the  influence  of  local  anaesthetics,  are  permissible. 
Even  these  minor  operations  should  not  be  thoughtlessly  undertaken.  For 
instance,  the  radical  operation  for  fistula  in  ano  is  contra-indicated  in  tuber- 
culous patients  with  frequent  cough  or  with  \-iolent  paroxj'sms  of  coughing, 
even  if  the  latter  be  infrequent.  This  injunction  is  given,  not  because 
the  lesion  is  necessarily  one  of  a  tuberculous  nature,  for  it  is  often  of  purely 
pyogenic  origin,  but  because  the  cough  usually  so  interferes  with  the  healing 
of  the  wound  that,  instead  of  checking  the  purulent  discharge  and  lessening 
the  pain,  both  are  increased.  On  the  other  hand,  when,  in  these  tuberculous 
cases,  the  cough  is  so  shght  that  it  will  not  interfere  with  healing,  the  cure  of 
an  anal  fistula  should  certainly  be  attempted,  because  it  will  remove  a  source 
of  depression  of  the  ^ital  powers.  At  the  same  time  it  is  desirable,  as  has 
already  been  stated,  that  the  operation  should  be  performed  with  the  aid  of 
local  anaesthesia  and  in  a  case  in  which  there  is  reasonable  ground  for  belie\ing 
that  the  local  lesion  is  not  of  a  tuberculous  nature.  There  are  some  exceptional 
cases — cases  in  which  the  pulmonary  lesions  are  not  of  a  serious  nature — in 
which  it  is  of  distinct  importance  to  operate  for  the  relief  of  a  fistula  or  of  some 
other  condition  that  is  reducing  the  patient's  general  ^ital  resistance — as,  for 
example,  caseating  and  suppurating  lymph  nodes.  In  such  cases,  which  must 
be  selected  with  care,  a  general  anaesthetic  may  be  employed  whenever  it  is 
impossible  to  secure  the  consent  of  the  patient  to  an  operation  under  local 
anaesthesia.  The  administration  of  nitrous  oxide  gas  as  the  first  step  in  an- 
aesthetization  by  ether  or  chloroform  is  contra-indicated  in  the  presence  of 
acute  pulmonary  diseases,  and  is  of  doubtful  propriety  in  pulmonary  tuber- 
culosis or  in  chronic  bronchitis,  because  this  agent  produces  venous  congestion. 
Some  indi\iduals  have  chronic  coughs  which  are  at  times  ^iolent  and  parox- 
ysmal.   These  patients  are  bad  subjects  for  such  operations  as  the  radical  one 


122  AMERICAN  PRACTICE  OF  SURGERY. 

for  hernia,  nephrorrhaphy,  interval  operations  for  appendicitis,  etc.  If  local 
or  spinal  anaesthesia  can  be  made  to  suffice  in  this  class  of  cases,  the  lung  con- 
dition, 'per  se,  will  present  no  obstacle.  The  disturbance  to  which  the  healing 
of  the  wound  is  subjected  by  the  repeated  mechanical  effects  of  the  coughing 
should  be  carefully  weighed  by  the  surgeon  before  he  decides  upon  any  of  these 
operations.  (See  also  the  article  on  ''General  Anaesthetics "  in  the  present 
volume.) 

The  Blood. — Changes  in  the  composition  or  behavior  of  the  blood  are  of 
great  import  to  the  surgeon  when  contemplating  any  operation.  (See  also 
page  555  et  seq.,  Vol.  I.)  In  the  front  rank  stands  the  question  of  haemophilia. 
Thus  far,  no  method  of  examination  has  certainly  revealed  the  cause  of  this 
malady,  although  recently  one  observer  has  been  able  to  predict  an  approach- 
ing hemorrhage  by  the  lessening  or  absence  of  the  blood  plates.  Wliether  the 
puncture  made  for  the  purpose  of  securing  the  blood  for  this  examination  might 
not  prove  a  source  of  danger  is  a  question  which  merits  consideration.  In- 
quiries directed  to  determining  the  behavior  of  slight  wounds,  the  sudden  ap- 
pearance of  accumulations  of  fluid  in  the  large  joints  {i.e.,  haemarthrosis),  or 
the  character  of  bleeding  after  tooth  extraction,  will  usually  settle  the  question 
harmlessly.  The  tendency  to  persistent  oozing,  which  is  observed  in  some 
forms  of  sepsis,  is  something  quite  different  from  ha-mophilia;  it  cannot  be 
foreseen  and  consequently  it  is  impossible  to  guard  against  it.  The  severe  and 
usually  fatal  bleedings  which  sometimes  follow  operations  (especially  those  in- 
volving the  biliary  apparatus)  in  persons  who  are  affected  with  chronic  jaun- 
dice, may  easily  be  accounted  for  by  the  damage  inflicted  upon  the  blood- 
vessels through  the  presence,  in  the  circulating  blood,  of  biliar}^  salts,  and  also 
in  some  measure  through  the  withdrawal,  from  the  cells  of  the  intima,  of  their 
proper  pabulum,  from  blood  impoverishment;  many  of  the  red  corpuscles 
being  destroyed  in  cases  such  as  are  here  under  consideration.  The  intimal 
cells  cannot  derive  nourishment  directly  from  the  blood-cells,  but  the  lack  of 
oxygen,  the  failure  to  change  excreta,  etc.,  which  characterize  these  cases,  so 
interfere  with  the  nourishing  qualities  of  the  blood  that  the  intimal  cells  suffer. 
The  possibility  of  such  severe  bleeding  should  be  carefully  weighed  before  one 
decides  to  operate  on  a  severely  jaundiced  patient,  and  all  measures  should  be 
employed  which  are  believed  to  lessen  this  hemorrhagic  tendency,  although 
only  a  small  proportion  of  icteric  patients  bleed  unduh'.  Possibly  the  finding 
of  occult  blood  in  the  stools — a  thing  which  has  been  frequently  accomplished 
— may  be  of  value  in  determining  the  probability  of  dangerous  hemorrhage 
after  operation.  Without  a  sufficiency  of  haemoglobin,  despite  a  fair  number 
of  red  cells,  life  cannot  be  long  maintained;  hence  a  determination  of  this 
point  is  essential  in  those  patients  in  whom  this  important  blood  constituent 
may  have  Ix^en  reduced  by  pre^'ious  hemorrhage  or  a  j)rolongtd  purulent  drain. 
Discrimination  must   be  made   between  the   low  ha'moglobin   content   which 
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?sults  from  severe  losses  of  blood  'n  a  previously  healthy  person,  especially  if 

female,  and  the  deficiency  of  this  substance    which   results   from  some    ex- 

lausting   disease    that   may   have  permanently  impaired  the  function  of  the 

)rgans  concerned  in  the  reproduction  of  the  blood.     In  the  former  instance, 

the  regenerative  powers  may  be  so  great  that  even  a  further  lowering  of  the 

[amount  of   haemoglobin  may  be  readily  recovered  from,  while  in  the  latter 

the  reformation  of  this  element  takes  place  so  slowly  and  is  so  imcertain  that 

Ideath  often  results.     It  is  stated  that  twenty  per  cent  of  htemoglobin  is  essen- 

itial  to  sustain  life,  and  that  less  than  this  is  incompatible  with  survival.     This 

[is  doubtless  usually  true  except  when  the  reduction   has  been  sudden  and 

[has  occurred  in  a  {person  with  normal  blood-making  organs ;  even  then  recovery 

uncertain.     Tliose  indi\'iduals  who  possess  as  much  as  thirty  per  cent  bear 

loss  of  blood  badly;  hence,  if  after  appropriate  treatment  the  amount  of  hicmo- 

Iglobin  cannot  be  increased,  no  unnecessary  loss  of  blood  should  be  permitted 

land  only  the  minimum  amount  of  a  general  anjesthetic  should  be  adminis- 

[tered.     The  latter  injunction  applies  especially  to  chloroform,  although  ether  is 

[also  a  hEemolytic  agent.   It  must  not  be  forgotten,  when  estimating  hsemoglobin 

py  the  usual  clinical  methods,  that  an  error  of  at  least  five  per  cent  (either 

[plus  or  minus)  is  possible.     In  other  words,  the  patient  may  really  possess  more 

laemoglobin  than  is  reported,  thus  explaining  the  conflicting  statements  which 

lave  been  made  as  to  recovery  taking  place  with  an  extremely  low  ha>mo- 

^globm  index. 

The  detection  in  the  blood  of  e^^dences  of  either  splenic  or  lymphatic  leu- 
^ka'inia  should  contra-indicate,  in  the  former,  the  operation  of  remo\"ing  the 
spleen,  and,  in  the  latter,  all  operations  not  demanded  for  the  immediate  sal- 
ivation of  life.     This  course  is  rendered  necessar}^  by  the  difficulty  or  impossi- 
bility of  arresting  hemorrhage.     It  is  contended  by  some  that  hemorrhage  is 
)nly  to  be  feared  in  profoundly  anaemic  children  who  are  affected  with  acute 
lymphatic  leuktemia,  but  the  advice  given  above  had  better  be  adhered  to  in 
cases.     It  is  interesting  to  note  that  in  Banti's  disease,  where  no  such  blood 
changes  are  present,  removal  of  the  spleen  presents  no  difficulties  from  bleeding. 
Anaemia,  however  induced,  unquestionably  increases  the  risk  of  infection 
fter  operation:  hence  its  presence  or  absence  should  be  determined,  and  its 
)ssible  influence  on  the  outcome  of  the  intervention  should  be  carefullj-  weighed 
rhen  any  serious  operative  procedure  is  contemplated. 

Through  deficient   nutrition  the  heart  muscle  may  dilate  under  the   stress 

)f  the  increased   frequency   with   which  it   must  contract   in   order  to  carry 

)xygen  to  the  tissues — an   increased  frequency  which  is  necessitated  by  the 

?arcity  of  oxygen-carriers,  viz.,  red  cells  and  haemoglobin.     The  maintenance 

)f  accelerated  heart  contractions  may  exhaust  a  fairly  strong  heart  muscle, 

l^^'hich  may  then  finally  yield  to  the  intracardiac  pressure.     Although  this  is  a 

^rare  accident,  the  fact  that  acute  dilatation  of  the  heart  may  possibly  occur 


124  AMERICAN  PRACTICE  OF  SURGERY. 

in  an  ana-mic  individual  when  subjected  to  a  severe  operation,  especially  if  it 
be  accompanied  by  considerable  loss  of  blood,  should  be  more  widely  known, 
in  order  that  precautionary  measures  may  be  taken.  Chloroform  especially 
and  ether  somewhat  increase  the  pre-existing  anaemia  by  effecting  a  destruction 
of  numbers  of  red  blood  cells,  thus  accentuating  the  effects  of  loss  of  blood 
during  operation.  The  rapid  pulse-rate,  conjoined  with  the  loss  of  vascular 
tone  in  the  class  of  cases  mentioned  above,  sometimes  determines  the  devel- 
opment of  acute  dilatation.  But  forewarned  should  be  forearmed,  so  that  a 
strict  avoidance  of  all  unnecessary  loss  of  blood  during  operations  on  anaemic 
individuals,  in  conjunction  with  the  administration  of  appropriate  heart  tonics, 
will  probably,  in  the  exceptional  cases  in  which  this  condition  would  otherwise 
occur,  avert  the  risk  of  the  development  of  an  ''anaemic  heart"  with  all  its  un- 
toward consequences.  Of  equal  importance  is  the  avoidance  of  all  strain  upon 
the  heart  for  a  certain  period  of  time  after  the  operation;  a  precaution  which 
must  be  observed  not  only  until  the  anaemic  condition  is  relieved,  but  also  until 
the  heart  muscle  has  recovered  its  normal  nutrition. 

Malaria. — ^Although  malaria  is  of  more  unusual  occurrence  than  was  for- 
merly believed,  there  are  nevertheless  cases  in  which  it  has  to  be  reckoned 
with  by  the  surgeon.  Anything,  such  as  an  operation,  which  markedly  reduces 
vital  resistance,  may  provoke  an  outbreak  of  malarial  fever  in  one  who  at 
some  previous  time  has  suffered  from  the  disease  or  who  has  recently  resided 
or  still  resides  in  a  malarial  district.  An  examination  of  the  blood  may  reveal 
the  presence  of  the  Plasmodium,  which  might,  without  the  reinforcement  of 
the  depressing  efTects  of  an  operation,  continue  to  remain  dormant.  The  fail- 
ure to  detect  malarial  organisms  in  suspicious  cases  may  be  due  to  their  small 
number,  to  the  fact  that  they  are,  as  believed  by  some,  temporarily  stored  up 
in  the  spleen  or  bone  medulla,  or  to  the  effects  of  quinine  taken  as  a  prophy- 
lactic. Unquestionably,  patients  with  the  lowered  resistance  often  left  by  an 
operation  readily  succumb  to  a  slight  plasmodial  infection  if  they  are  living  in 
a  malarial  neighborhood.  An  examination  of  the  blood  will  often  show  much 
pigment  and  poikilocytosis,  with  deficient  haemoglobin,  in  cases  in  which,  after 
operation,  there  develop  malarial  paroxysms  which  up  to  that  time  have  been 
held  in  check  by  quinine.  Such  blood-findings  should  always  be  regarded  as 
suspicious,  but  the  exhibition  of  the  proper  amount  of  quinine  should  remove 
all  possible  chance  of  an  outbreak.  While  only  active  malaria  is  a  contra- 
indication to  operations  of  choice,  but  not  to  operations  of  necessity,  yet  a 
severe  malarial  attack  after  an  important  operation  might  seriously  jeopardize 
the  life  of  the  patient  or  the  success  of  the  procedure.  It  is  therefore  advisable, 
when  an  operation  is  contemplated,  to  determine  beforehand  the  probable 
advent  of  malarial  disease,  and  to  take  whatever  precautionary  measures  may 
be  advisable. 

Other  Infectious  Diseases.  —  Acute   infectious  diseases  such  as  typhoid 
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liever,  and  also  certain  normal  conditions,  as  pregnancy,  have  sometimes  been 

[."Considered  as  positive  contra-indications  even  to  urgent  operations.     In  the 

[case  of  a  pregnant  woman,  for  example,  the  performance  of  any  fairly  serious 

)peration,  it  is  thought,  will  almost  certainly  involve  miscarriage  or  premature 

lelivery;   moreover,  the  chances  of  fatal  operative  or  puerperal  infection  are 

believed  to  be,  under  these  conditions,  exceptionally  great.     Appendicitis  occurs 

f-during  typhoid  fever  or  pregnancy  w'ith  sufficient  frequency  to  render  it  impor- 

[tant  to  decide  whether  the  prevalent  belief  is  well  grounded  or  not.     While  no 

)ne  would  choose  to  operate  upon  a  typhoid  patient  or  a  pregnant  woman,  yet 

[Abdominal  sections  in  typhoid — made,  it  is  assumed,  for  imperative  reasons — 

[probably  present  no  more  unfavorable  conditions  than  does  the  same  state 

)f  the  circulation,  nutrition,  etc.,  when  brought  about  by  some  other  cause. 

suppurative  appendicitis,  strangulated  hernia,  an  ovarian  tumor  with  tightly 

twisted  pedicle  producing  gangrene,  acute  suppurative  cholecystitis,  and  other 

serious  conditions  may  be  complicated  by  pregnancy,  yet  they  must  be  dealt 

I  with  irrespective  of  the  latter;   and  when  fatal  results  follow  or  a  miscarriage 

results,  there  is  no  conclusive  proof  that  the  operation  precipitated  the  fatal 

;or  imfortunate  outcome.     Probably  the  reverse  is  the  truth,  since  disaster  is 

[■certain  in  some  of  the  conditions  mentioned  and  recovery  possible  only  by 

[operation. 

Operations  Performed  for  Cosmetic  Effects.— The  uncertainty  of  the 
outcome  of  many  plastic  operations,  so  far  as  the  cosmetic  results  are  con- 
jcemed,  should  often  debar  us  from  operating,  especially  if  the  expectations  of 
ithe  patient  or  the  friends  are  unwarrantably  high.  Great  care  should  be  exer- 
[^ised  not  unduly  to  raise  the  hopes  of  any  concerned,  and  the  surgeon  should 
^con\ince  himself  that  the  patient  really  comprehends  the  possibilities,  as  well 
&s  the  probabilities,  in  all  the  operations  performed  for  cosmetic  reasons. 

Recurring  Malignant    Disease.— The  presence   of    metastases  that    are 
inoperable  should  contra-indicate  attempts  to  excise  local  or  regional  reci- 
tdives  except  when  an  ulcerating,  painful  condition  is  present  which  can  be 
t removed.     A  reasonable  certainty  of  securing  prompt  healing  should  exist,  and, 
Icven  if  the  results  prove  only  temporary,  and  if  a  fresh  recurrence  of  the  growth 
takes  place,  such  interx^entions  are  entirely  justifiable.     Upon  the  other  hand, 
When  there  is  no  evidence  of  inoperable  secondary  growths,  all  recurring  malig- 
nant neoplasms  should  be  excised  as  soon  as  detected.     Prolongation  of  life 
land  increase  of  mental  as  well  as  of  physical  comfort  result  from  such  opera- 
^tiocs,  which  may  be  repeated  as  often  as  necessary.     In  a  few  instances  a  cure 
Sis  brought   about   by   a  persevering  resort  to.  repeated   excisions  of   minute 
growths  under  local  anaesthesia.     In  cases  of  this  character  no  delay  should  be 
permitted,  even  if  nothing  more  than  a  well-grounded  suspicion  of  a  recidive 
exists.  • 


THE  PREPARATION  FOR  AN  OPERATION, 

THE  OPERATION  ITSELF, 

AND  THE  CARE  OF  THE  PATIENT  DURING  AND 

IMMEDIATELY  AFTER  THE  OPERATION. 

By  GEORGE   BEN  JOHNSTON,  M.D.,  Richmond,  Virginia. 


Surgical  procedures  are  always  undertaken  for  one  of  the  following  objects: 
First,  to  save  life;  second,  to  relieve  suffering;  third,  to  restore  function;  fourth, 
to  correct  a  tleformity  or  blemish;  and  fifth,  in  rare  instances  to  make  a  diag- 
nosis in  a  doubtful  condition. 

Depending  upon  circumstances,  all  operative  work  may  be  sharply  divided 
into  two  classes,  deliberate  and  emergency.  By  an  emergency  case  one  under- 
stands a  condition  calling  for  immediate  operation  in  the  effort  to  save  life.  In 
such  an  instance  the  local  condition,  be  it  a  strangulated  hernia  or  a  ruptured 
ectopic  pregnancy,  overshadows  any  general  systemic  affection  that  would 
ordinarily  demand  care  and  attention  before  subjecting  the  patient  to  a  severe 
or  dangerous  operation. 

In  the  field  that  may  be  designated  as  deliberate  surgery  falls  the  larger 
proportion  of  all  surgical  procedures,  and  the  success  that  accrues  in  a  large 
series  of  operative  cases  depends  very  much  upon  the  careful  study  of  each  indi- 
vidual case,  and,  as  has  well  been  said,  it  is  just  as  important  to  know  what 
kind  of  a  patient  the  disease  has,  as  to  know  what  kind  of  a  disease  the  patient 
has. 

Diagnosis. 

The  history,  or  anamnesis,  often  plays  a  most  important  role  in  the  work  of 
reaching  definite  conclusions  as  to  the  nature  of  the  patient's  malady.  Some  sur- 
geons, in  whom  the  clinical  instinct  is  well  developed,  seem  to  have  an  art  of  draw- 
ing out  the  essential  points  in  a  few  minutes'  conversation  with  the  patient.  Such 
a  course  is  often  fallacious,  and  it  is  far  better  to  have  a  complete  history  taken 
by  an  unbiassed  mind,  because,  when  it  comes  to  weighing  the  sum  total  of 
evidence,  some  seemingly  small  detail  may  be  found  to  have  a  pronounced 
bearing  on  the  (juestion.  The  adoption  of  such  a  method  is  a  constant  incen- 
tive to  thorough  work,  a  check  upon  carelessness,  and  is  the  means  of  avoiding 
the  possibility  of  an  oversight. 

A  detailed  history  will  include:  the  patient's  complaint;  the  family  history 
as  relates  especially  to  tuberculosis,  malignant  disease,  and  mental  disorders; 
the  past  history,  which  may  be  conveniently  grouped  under  the  headings  of 
infectious  diseases,  head,  cardio-respiratory,  gastro-intestinal,  genito-urinary, 
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menstrual,  marital,  weight,  etc.;  the  present  illness,  with  inquiries  as  to  date  of 
onset,  initial  symptom,  course  of  the  malady  in  order  of  developments,  con- 
stitutional effects,  the  present  attitude,  form  and  condition  of  the  part  involved, 
past  treatment  and  its  bearing  on  the  lesion,  etc. 

The  physical  examination  includes  a  general  examination  and  a  special  ex- 
amination. The  notes  on  the  general  survey  should  record  the  general  state  of 
development  and  nutrition ;  the  color  of  the  skin  and  mucous  membranes,  with 
especial  reference  to  any  degree  of  anaemia,  icterus,  etc.:  the  condition  of  the 
superficial  lymph  nodes,  with  their  bearing  on  any  constitutional  taint,  leukaemia, 
malignant  metastases,  and  status  lymphaticus;  the  state  of  the  cardio-vascular 
system,  with  especial  reference  to  myocardial  insufficiency,  condition  of  the 
arteries,  and  pulse  ten«on :  and  the  results  obtained  from  an  examination  of  the 
chest  for  the  detection  of  bronchitis,  emphysema,  and  the  grosser  pulmonary' 
lesions,  all  of  which  are  factors  in  making  choice  of  the  anaesthetic.  The  abdo- 
men should  be  examined  with  regard  to  tenderness,  muscular  rigidity,  enlarge- 
ment of  spleen  and  liver,  presence  of  masses  of  free  fluid,  and  the  extremities 
for  nodal  thickenings  on  the  long  bones,  oedema,  varicose  veins,  ulcers,  etc.  A 
rectal  and  a  pelvic  examination  may  be  indicated  as  part  of  the  general  survey, 
anil  in  every  case  attention  should  be  directed  to  the  nervous  system  in  so  far 
as  testing  the  reaction  of  the  pupils  and  the  activity  of  the  reflexes  so  as  to 
exclude  the  visceral  crises  of  organic  disease  of  the  spinal  cord,  etc. 

The  special  examination  is  that  directed  to  the  local  lesion  or  seat  of  pain, 
injury,  deformity,  etc.  The  general  examination  is  often  given  over  to  an  as- 
sistant, or  hospital  interne,  not  because  it  is  unimportant,  but  as  a  matter  of 
necessity  and  expediency.  The  special  examination,  however,  is  made  by  the 
surgeon  who  is  to  operate  on  the  patient ;  and  the  extent  of  this  examination,  as 
well  as  the  means  employ etl,  will  vaiy  with  the  character  of  the  case  and  often 
with  the  character  of  the  surgeon's  thoroughness  of  detail. 

In  addition  to  the  general  physical  findings,  further  information  may  be 
acquiretl  by  means  of  instruments  of  precision  and  certain  laboratory  methods. 

The  value  of  special  and  refined  methods  of  diagnosis  depends  ver\^  largely 
upon  the  skill  with  which  they  are  interpreted.  While  the  diagnosis  may  be 
suggested  at  once  by  a  positive  finding,  yet  in  most  instances  the  information 
so  obtainetl  is  useful  only  in  adding  one  or  more  important  symptoms  or  signs 
in  the  given  case  and  so  has  to  be  consideretl  along  with  the  history  and  physical 
findings  in  the  effort  to  reach  a  definite  conclusion.     (See  Vol.  I.,  pp.  501-691.) 

Prognosis. 

The  prognosis  in  a  given  surgical  case  is  dependent  on  many  factors,  some 
of  which  can  be  appreciated  beforehand  while  others  may  be  obscure.  In 
general,  one  recognizes  the  following  points: 
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(1)  Age.  The  most  favorable  period  in  which  surgical  procedures  can  be 
conducted  is  between  the  ages  of  two  and  fifteen  years;  the  next,  between 
fifteen  and  thirty;  after  thirty  the  risk  increases  in  proportion  to  the  age,  al- 
though one  constantly  encounters  exceptions  to  this  general  rule.  With  increas- 
ing years  come  degenerative  changes  in  the  heart,  kidney,  blood-vessels  and 
other  tissues,  changes  which  militate  against  prolonged  anaesthesia  and  ex- 
tensive wounding  of  parts  and  protract  convalescence  and  the  repair  of  the 
tissues.  In  spite  of  the  fact,  however,  that  very  young  children  and  the 
aged  are  not  favoi-able  subjects  for  operations,  yet  age,  in  itself,  is  no  real 
barrier  to  a  necessary  operation. 

(2)  Sex.  It  is  generally  noted  that  women  withstand  operations  better 
than  men,  and  this  can  be  attributed  to  their  spirit  of  resignation  and  patience 
in  the  presence  of  pain  and  confinement  as  well  as  to  their  better  habits  and  mode 
of  life. 

(3)  Occupation.  The  ill  effects  of  certain  occupations  upon  the  general  health 
of  the  patient  must  of  necessity  influence  his  degree  of  endurance,  and  this  will 
show  itself  when  he  is  subjected  to  operation. 

(4)  Constitutional  and  Chronic  Diseases.  These  conditions  serve  greatly  to 
modify  the  prognosis,  and  if  they  do  not  absolutely  contra-indicate  an  operation 
yet  they  will  demand  care  and  attention  by  the  surgeon  before  the  patient  is 
subjected  to  the  strain  of  the  anaesthetic  and  the  operation. 

Chronic  valvular  disease  of  the  heart  is  not  a  contra-indication  to  operation, 
provided  compensation  is  good.  Much  more  serious,  however,  are  those  heart 
conditions  which  are  associated  with  myocardial  or  fatty  degeneration,  as 
indicated  by  a  feeble  and  irregular  heart  action,  cardiac  dilatation,  and  embar- 
rassed circulation.  In  all  heart  lesions,  however,  there  is  an  element  of  danger 
from  embolism  or  thrombosis,  or  from  consequent  broken  compensation  and 
pulmonary  oedema.  Stenotic  valve  lesions  are  generally  more  serious  than 
simple  regurgitations. 

Atheroma  of  the  vessels  does  not  contra-indicate  operative  measures, 
although  a  guarded  prognosis  is  often  necessary  because  of  the  possibility  of 
degenerative  changes  in  the  walls  of  the  coronary  arteries,  and  in  the  vessels  of 
the  brain  and  kidneys,  while  sloughing  may  ensue  upon  wounds  of  the  extrem- 
ities. Aneurism  of  the  larger  arteries  does  not  often  influence  the  prognosis 
unfavorably. 

Chronic  nephritis  and  diabetes  seriously  modify  the  prognosis,  and  the  most 
careful  preparatory  treatment  is  demanded  in  these  classes  of  cases.  In  both 
diseases  free  activity  of  the  bowels,  skin,  and  kidneys  is  of  importance  both 
before  and  after  the  operation,  and  general  medical  measures  should  be  em- 
ployed in  the  effort  to  forestall  the  possible  occurrence  of  uraemia  or  diabetic 
coma. 

Diseases  of  the  lungs,  such  as  acute  and  chronic  bronchitis,  emphysema,  tuber- 


PREPARATIONS  FOR  AX  OPER.\TION. 


129 


5iilosis,  and  pleurisy,  always  occasion  apprehension  as  to  the  successful  outcome 
)f  surgical  procedures.  Many  persons  affected  with  pulmonary  tuberculosis  seem 
stand  the  anaesthetic  and  the  operation  quite  well.  The  danger  of  prime 
iportance  in  all  patients  with  lung  complications  is  the  development  of  a 
)st-operative  pneumonia,  and  for  this  reason  a  patient  with  even  a  slight 
["cold"  should  not  be  operated  upon  until  the  lung  condition  has  cleared  up. 
[The  question  of  post-operative  pneumonia  is  dealt  with  more  fully  in  the 
iction  relating  to  sequelse  and  post-operative  treatment. 

Diseases  of  the  liver  and  bile-ducts,  when  associated  with  jaundice,  are  among 
the  most  serious  cases  that  the  surgeon  has  to  deal  with.  In  these  instances  the 
[cholaemia  is  almost  always  accompanied  by  a  marked  prolongation  in  the  coagu- 
ition  time  of  the  blood,  so  that  severe  and  often  fatal  capillar^'  hemorrhage  en- 
sues. In  these  cases  even  the  smallest  puncture,  such  for  example  as  is  made 
[to  obtain  a  drop  of  blood  from  the  ear  for  purposes  of  study,  may  bleed  for 
[hours.  If  it  is  determined  that  there  is  complete  obstruction  of  the  bile-duct 
pith  no  other  chance  of  relief,  then  the  patient  should  be  treated  with  calcium 
[gaits,  and  the  operation  should  be  done  with  as  slight  traumatism  as  possible  and 
l&n  abundant  amount  of  packing  used.  The  use  of  thyroid  extract  has  lately  been 
[advocated  for  the  purpose  of  increasing  the  coagulability  of  the  blood,  and  the 
[remedy  may  be  tried.  Patients  suffering  from  cirrhosis  and  from  fatty  or 
kamyloid  degeneration  of  the  liver  are  poor  subjects  for  operation.  In  general, 
[it  may  be  said  that  operation  should  not  be  undertaken  during  an  attack  of 
[colic,  when  there  is  pronounced  icterus,  when  suffering  has  caused  great 
lepression,  or  if  ecchymotic  spots  are  present. 

Patients  suffering  from  diseases  of  the  nervous  system  are  commonly  not 
;ood  subjects  for  operations.  Insanity,  however,  in  controllable  patients,  does 
[not  contra-indicate  operation  unless  it  takes  the  form  of  chronic  melancholia 
[with  its  attendant  ill  effects  upon  strength  and  nutrition.  The  difficulties  con- 
inected  with  the  after-treatment  of  such  patients  further  lessen  the  chances  of 
[recover}'.  Where  there  are  injuries  to  the  brain  or  spinal  cord,  except  for  the 
^possible  immediate  relief  of  these,  operation  should  not  be  performed.  Ataxia, 
)aralysis,  and  chorea  render  the  patient  unsuited  for  siu-gical  treatment  of 
fconcomitant  conditions. 

Tuberculous  lesions  are  quite  amenable  to  operation,  and  if  the  diseased 
Imaterial  can  be  removed  good  healing  takes  place.  In  other  instances,  espe- 
cially in  the  presence  of  visceral  tuberculosis,  secondary  infection  often  occurs 
[and  a  discharging  sinus  remains. 

Syphilis  is  not  a  contra-indication  to  operation  in  any  stage,  but  it  is  most 
[important  that  constitutional  treatment  be  administered  in  conjunction  with  any 
[surgical  procedure. 

No  operation  should  be  undertaken  upon  a  patient  known  to  be  afflicted  with 
the  hemorrhagic  diathesis  unless  it  can  be  found  possible  satisfactorily  to  in- 
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crease  the  coagulability  of  the  blood.  Scurvy  and  leukaemia  both  contra-indi- 
cate  an  extensive  operation,  as  the  wound,  in  these  conditions,  is  prone  to  in- 
fection and  may  not  heal  at  all. 

Malaria  is  not  a  contra-indication  to  operation,  although  it  is  often  thought 
to  be  a  factor  in  post-operative  inflammation  and  neuralgia.  If  the  patient  is 
known  to  have  malaria  it  is  advisable  to  postpone  the  operation  for  a  few  days 
until  the  rigors  are  controlled  with  appropriate  medication,  and  then  the  in- 
fection can  be  thoroughly  eradicated  by  continued  treatment  during  the  period 
of  convalescence.  It  occasionally  happens  that  a  latent  malaria  becomes  active 
and  flares  up  a  few  days  after  operation  and  so  gives  the  surgeon  no  little  anxiety 
as  to  the  nature  of  the  manifestation.  A  careful  examination  of  the  blood  will 
usually  clear  up  any  doubt  in  the  matter;  for,  even  if  the  plasmodium  is  not 
found,  the  absence  of  a  polynuclear  leucocytosis  would  speak  against  sepsis 
and  in  favor  of  malaria. 

Only  when  the  necessity  for  relief  of  an  acute  surgical  condition  is  impera- 
tive and  overriding  all  other  considerations  should  an  operation  be  undertaken 
in  the  presence  of  erysipelas,  and  then  only  under  the  most  rigid  antiseptic  pre- 
cautions. 

(5)  Habits  and  Temperaixient.  There  is  a  distinct  danger  in  performing 
operations  on  drunkards  that  is  generally  appreciated  by  all  surgeons  of  expe- 
rience. Such  persons  are  often  affected  with  degenerative  lesions  of  the  heart, 
kidneys,  and  liver,  their  habituation  to  alcohol  tends  toward  a  partial  immunity 
to  the  effects  of  ether,  so  that  very  large  amounts  of  the  ana?sthetic  are  required 
and  the  anaesthetist  is  kept  on  the  qui  vive.  Topers  are  particularly  suscep- 
tible to  intercurrent  infections  such  as  pneumonia,  erysipelas,  etc.;  delirium 
tremens  may  also  supervene.  On  the  whole,  therefore,  they  form  a  very  un- 
desirable class  of  surgical  patents.  (See  article  on  General  Surgical  Prognosis 
in  Vol.  I.) 

Overeating  is  closely  allied  to  intemperance  in  drinking  in  increasing  the 
danger  of  operation.  The  very  obese  are  not  favorable  subjects  for  surgical 
treatment,  as  their  circulation  is  usually  weak  and  their  vital  processes  are  often 
below  par. 

Highly  strung  neurotic  individuals  may  pass  through  the  ordeals  of  an  oper- 
ation with  surprisingly  good  behavior,  but  not  infrequently  their  lack  of  mental 
etjuilibrium  is  further  increased  by  the  general  shock  to  their  labile  nerve  centres 
and  they  may  pass  into  various  hysterical  states  at  once  on  coming  out  from 
the  anaesthetic. 

True  psychoses  rarely  ensue  upon  a  surgical  operation  unless  the  patient 
has  previously  shown  definite  indications  of  alienation,  but  hyst;M'ical  coma, 
delirium,  etc.,  maybe  particularly  distressing  to  the  friends  and  relatives  even  if 
it  does  not  annoy  the  surgeon. 

(6)  Variovs  Other  Conditions  may  serve  to  modify  the  prognosis.     Severe 
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operations  during  the  stage  of  shock  after  injuries  are  always  hazardous.  The 
clinical  picture  that  gives  rise  to  this  bad  prognosis  is  well  kno^^•n,  and  is 
shown  in  the  restless  tossing  about  of  the  patient,  who  has  a  subnormal  tem- 
perature, cold  and  clammy  extremities,  anxious  facies,  and  a  small  rapid  pulse. 

Pregnancy  does  not  forbid  a  necessary  operation.  In  the  early  months  many 
operations  can  be  discreetly  performed,  and  the  ^^Titer  has  not  infrequently 
seen  fit,  under  these  circumstances,  to  do  interval  appendix  operations,  and  the 
results  have  been  uniformly  happy. 

Surgical  procedures  during  the  menstrual  period  do  not  appear  in  any  spe- 
cial way  to  affect  the  prognosis.  As  a  matter  of  comfort  and  convenience, 
however,  ojieration  is  often  defeiTed. 

Patient. 

General  Preparation. — In  the  large  majority  of  cases  it  is  well  to  avoid  pro- 
longed preparatory  treatment,  for  the  reason  that  it  is  generally  not  necessaiy  and 
because  the  patient  is  inflicted  with  the  added  time  in  which  to  anticipate  the  or- 
deal. In  such  instances  the  mental  suffering  in  the  days  preceding  operation 
may  be  more  keenly  felt  than  any  physical  discomfort  in  the  period  immedi- 
ately after.  The  preparatory  treatment  demands  careful  consideration  in  all 
cases,  but  the  general  indications  are  few  in  number  and  easily  carried  out. 

The  patient  should  be  kept  in  bed  and  given  Uquid  diet  for  eighteen  hours 
prior  to  the  operation.  Water  is  freely  given  by  mouth  up  to  within  three 
hours  of  the  time  of  operation.  The  practice  of  withholding  water  involves 
unnecessary  hardship  and  discomfort,  while  its  free  administration  aids  materi- 
ally in  the  subsequent  elimination  of  ether  and  is  undoubtedly  a  factor  in  pre- 
venting the  liability  of  shock.  In  certain  cases,  such  as  operative  manipulations 
upon  the  stomach,  it  may  be  inadvisable  to  give  water  by  mouth.  In  such 
instances  normal  saline  solution  (250  c.c,  or  one-half  pint)  may  be  admin- 
istered per  rectum  two  hours  before  the  patient  goes  on  the  table. 

The  intestinal  tract  should  be  cleansed  and  practically  emptied  before  the 
time  of  operation.  To  accomplish  this,  two  ounces  of  castor  oil,  most  easily 
taken  in  a  glass  of  lager  beer,  are  administeretl  about  twelve  to  sixteen  hours 
before  operation,  and  the  large  bowel  is  emptied  by  a  soap-suds  enema  on  the 
morning  of  the  operation.  The  cleansing  of  the  entire  intestinal  tract  together 
with  the  withdrawal  of  nourishment  renders  the  canal  practically  sterile  in  its 
upper  portions,  facihtates  intra-abdominal  manipulation,  and  lessens  the  pos- 
sibility of  gaseous  distention  after  the  operation.  The  administration  of  steril- 
ized foods  is  also  a  good  procedure;  and  there  are  still  other  plans  of  action 
which  may  be  utilized. 

If  there  is  nothing  in  the  patient's  condition  to  contra-indicate  it,  a  full  warm 
bath  is  given  the  night  l^efore  ojjcration. 
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One  hour  before  the  administration  of  the  anaesthetic  my  patients  are  given 
morphine  gr.  i  to  ^  with  atropine  gr.  ts^tt  to  ttjt.  This  step  is  taken  for  the  fol- 
lowing reasons :  First,  it  increases  the  confidence  of  the  patient,  particularly  in 
nervous  cases;  second,  it  lessens  the  amount  of  anaesthetic;  third,  it  prevents 
the  excessive  accumulation  of  mucus  in  the  throat;  fourth,  it  reduces  the  lia- 
bility to  shock ;  and  fifth,  the  practice  of  administering  these  drugs  serves  a 
most  useful  purpose  in  easing  the  immediate  post-operative  pain,  while  often 
giving  to  the  patient  a  happier  exit  from  the  influence  of  the  anaesthetic. 

It  is  by  such  simple  general  measures  as  have  just  been  outlined  that  the 
patient  is  enabled  in  most  instances  to  approach  the  operation  in  a  satisfactory 
condition  as  regards  the  state  of  body  and  mind. 

Local  Preparation. — Local  preparation  has  to  do  with  the  field  of  operation, 
and,  of  course,  will  vary  with  the  site  of  the  operation.  In  certain  instances 
very  little  preparatory  treatment  of  the  part  can  be  done,  as  in  work  about 
the  nose,  throat,  and  mouth,  and  in  the  immediate  region  of  the  anus.  When 
plastic  operations  are  to  be  performed  on  the  vagina,  or  this  route  is  to  be  used 
for  certain  abdominal  work,  the  vagina  should  be  douched  on  the  evening 
preceding  operation,  and  again  the  next  morning,  with  bichloride  solution 
1  :  2,000  or  a  half-saturated  solution  of  boric  acid,  or  other  mild  antiseptic 
solution.  Then  immediately  before  operation,  after  the  patient  is  anaesthe- 
tized, the  part  should  be  thoroughly  cleansed  with  the  aid  of  gauze  pledgets, 
sterile  water  and  green  soap  being  first  used,  and  immediately  afterward  a 
solution  of  lysol  or  other  unirritating  antiseptic  mixture. 

Unless  it  is  definitely  known  that  the  patient  has  completely  emptied  the 
bladder  just  before  going  on  the  table,  the  catheter  should  be  employed.  This 
detail  should  never  be  overlooked,  as  it  not  only  gives  more  room  for  pelvic 
manipulation,  but  also  prevents  the  possibility  of  wounding  the  bladder  in 
making  an  abdominal  incision.  It  should  be  remembered  that  even  in  those 
instances  in  which  the  patient  has  voided  urine  just  before  going  to  the  operat- 
ing-room one  may  be  surprised  at  finding  a  distended  bladder  on  opening  the 
abdomen.  In  these  cases  the  catheterization  will  withdraw  a  large  amount 
of  pale  limpid  urine,  the  elimination  being  due  to  a  reflex  stimulation  of  the 
renal  function  brought  about  by  nervousness  or  fright.  It  is  for  just  this  rea- 
son that  in  some  clinics  it  is  a  routine  practice  to  pass  the  catheter  after  the 
patient  is  anaesthetized. 

The  local  preparation  in  coeliotomy  cases  varies  in  some  small  details  accord- 
ing to  the  ideas  of  individual  surgeons.  It  is  universally  recognized,  however, 
that  the  essential  point  is  the  thorough  cleansing  of  the  field  of  operation  with 
soap  and  water. 

In  order  to  save  a  certain  amount  of  time  and  as  a  matter  of  convenience  it  is 
customary  to  do  the  preliminary  preparations  the  night  before  operation.  At 
this  time  the  field  of  operation  is  shaved,  thoroughly  washed  with  green  soap 
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and  sterile  water,  and  a  sterile  protective  dressing  applied  which  is  held  in 
place  by  a  binder.  Stiff  brushes  are  commonly  employed  in  this  cleansing 
process,  but  in  the  WTiter's  cUnic  these  are  discarded  in  favor  of  sterile  gauze 
pads  or  large  sponges.  This  practice  has  given  uniformly  satisfactory  results 
and  doe>.  not  cause  the  pain  occasioned  by  the  use  of  rough  brushes  on  tender 
skins  nor  decidedly  disturb  the  normal  epidermal  micro-organisms. 

In  some  cUnics  the  practice  obtains  of  applying  a  green-soap  poultice  which 
is  left  on  over  night.  This  plan,  while  effective  in  its  geiTnicidal  properties, 
causes  considerable  maceration  of  the  epidermis,  is  uncomfortable  for  the 
patient,  requires  considerable  time  in  its  removal  just  prior  to  operation,  and, 
in  the  vNTiter's  opinion,  is  an  unnecessary  proceeding. 

One  of  the  most  essential  points  in  preparing  the  patient  for  operation  is  to 
make  sure  that  the  preceding  night  is  a  restful  one.  Any  form  of  treatment 
which  defeats  this  object  is  therefore  unwise.  If  the  patient  is  in  pain  or  is  par- 
ticularly nervous,  a  hypnotic  should  always  be  administered. 

After  the  patient  is  carried  to  the  operating-room  the  field  is  finally  pre- 
pared. This  may  be  done  before  the  administration  of  the  anaesthetic,  or  after 
the  patient  is  in  position  on  the  table.  This  cleansing  is  thoroughly  done  with 
green  soap  and  sterile  water,  followed  by  alcohol,  ^^^lile  it  has  been  repeatedly 
proved  that  this  relatively  simple  preparation  suffices,  yet  it  is  the  routine  in 
most  clinics  further  to  wash  the  field  with  an  antiseptic  solution,  usually  a  prepa- 
ration of  mercury  bichloride,  or  iodine  solution. 

It  should  be  distincth'  underetood,  however,  and  thoroughly  impressed  upon 
the  surgical  assistant,  that  the  essential  point  in  the  cleansing  process  relates  to 
the  thorough  use  of  soap  and  water.  Particular  attention  should  be  directed 
to  the  folds  of  skin  making  up  the  navel,  and  the  cleansing  process,  including  the 
shaving,  shoukl  cover  a  sufficiently  vdde  area  to  be  well  beyond  the  possible 
actual  operative  field. 

The  preliminary  preparation  is  discarded  in  many  hospitals  without  detri- 
mental effect  and  it  is  certainly  not  a  necessary  step.  Its  routine  employment  is 
chiefly  of  value  in  the  matter  of  saving  time. 

In  certain  clinics  where  a  preliminary  preparation  is  not  made,  the  field  of 
operation  receives  what  may  be  called  a  double  cleaning  after  the  patient  is 
anaesthetized.  The  first  cleaning  is  done  by  the  nurse  or  operating-room  orderly 
and  consists  of  shaving  the  part,  and  using  soap  and  water,  followed  by  alcohol. 
Then  the  second  cleaning  is  done  by  an  assistant  who  is  himself  thoroughly 
cleaned  and  who  generally  wears  gloves.  He  uses  only  aseptic  gauze  pads  or 
sponges,  sterile  soap  and  water,  and  the  antiseptic  solution,  after  which  the  skin 
may  be  dried  with  alcohol  or  ether.  This  assistant  then  changes  his  gloves 
before  taking  part  in  the  operation. 

As  soon  as  the  field  is  finally  cleaned  the  patient's  body  is  covered  with  a 
large  sterile  sheet  which  has  an  opening  so  placed  as  to  be  easily  adjusted  over 
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the  operative  site.  The  sheet  is  further  covered  with  sterile  towels  which  can 
be  easily  replaced  if  much  soiled  with  blood  or  any  discharge.  As  the  opening 
in  the  sheet  may  be  unnecessarily  large,  the  exposed  operative  area  may  be  fur- 
ther confined  by  placing  four  sterile  towels  around  the  field,  two  crosswise  of  the 
patient's  body,  and  two  in  a  longitudinal  direction.  These  towels  are  con- 
veniently held  in  position  by  means  of  safety  pins.  As  soon  as  these  coverings 
are  adjusted  the  field  is  covered  with  a  sterile  gauze. pad  unless  the  surgeon  is 
immediately  ready  for  the  incision. 

The  Surgeon  and  Assistants. 

Correct  surgical  technique  is  an  art  acquired  only  in  the  school  of  practical 
experience.  The  fundamentals  of  asepsis  may  be  formulated  in  the  laboratory, 
the  application  of  these  principles  may  be  taught  in  the  class-room  and  in  books, 
but  the  practical  demonstration  takes  place  at  the  operating-table.  Ideal 
technique  must  be  reflex.  The  paths  of  conductivity  between  brain  and  hand 
must  have  been  worn  smooth  by  use  in  successful  practice,  and  the  slightest 
irregularity  or  break  in  this  reflex  arc  may  bring  death  and  destruction  in  its 
wake.  Nearly  all  of  the  special  senses  are  involved  in  the  surgical  reflex,  and 
with  these  the  motor  and  sensory  tracts  of  the  surgeon  must  be  carefully 
co-ordinated  and  then  governed  by  the  higher  centre  of  common  sense. 

Clothing. — The  operating-room  and  its  accoutrements  should  be  a  world 
apart,  and  for  this  reason  the  surgeon  and  his  assistants  should  not  wear  any  of 
their  usual  daily  clothes  with  the  possible  exception  of  the  underwear.  In  the 
dressing-room  the  operator  dons  a  suit  consisting  of  coat  and  trousers.  These 
are  made  of  white  wash-goods  and  need  not  be  sterile,  but  a  freshly  laundered 
suit  should  be  used  each  day.  The  coat  has  short  sleeves  reaching  half-way  to 
the  elbow,  fastens  down  the  back,  reaches  high  in  the  neck,  and  below  is  tucked 
within  the  trousers.  The  feet  are  clothed  in  rubber-soled  canvas  shoes  that  can 
be  washed  when  soiled. 

Immediately  prior  to  the  operation,  and  after  the  sterilization  of  the  hands, 
this  suit  is  completely  covered  by  a  white  sterile  gown,  which  reaches  below 
the  knees,  has  long  sleeves,  and  is  fastened  behind.  On  the  head  is  adjusted  a 
sterile  cap.  This  covers  the  hair  and  prevents  foreign  particles  from  drop])ing 
on  to  the  field  of  operation  when  the  operator  is  leaning  over  the  patient. 

Further  precaution  in  the  matter  of  dress  consists  in  using  masks  or  shields 
over  the  mouth.  While  in  no  instance  should  the  operator  speak  or  breathe 
directly  over  the  wound,  yet  such  a  mask  effectually  confines  all  emanations  from 
the  mouth  and  should  bo  worn  in  all  operations  in  which  the  body  cavity  is 
opened.  A  recent  novelty  in  this  line  is  a  combination  of  mask  and  cap  in  the 
form  of  a  hood.  The  lower  i)art  of  this  hood  is  prolonged  into  a  cape  which 
falls  about  the  shoulders,  and  the  only  openings  in  it  are  those  for  the  eyes  and 
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■•nose.     Such  a  hood  is  especially  valuable  in  hot  weather,  as  it  prevents  the 
possibility  of  particles  of  sweat  dropping  on  to  the  field  of  operation.     The 
[hood  is  sterilized  and  should  be  most  carefully  adjusted  so  that  the  cape  does 
[not  touch  the  face  when  it  is  put  on. 

Hands  ajid  Gloves. — The  preparation  of  the  hands  of  the  operator  and  of  even,' 

one  who  takes  part  in  the  operation  or  in  handling  the  instruments  demands  most 

J  careful  and  thorough  attention.    The  same  scrupulous  care  should  be  given  the 

(hands  whether  gloves  are  to  be  worn  or  not.     There  is  a  very  definite  reason  for 

I  this  which  should  be  plainly  understood.     The  skin  of  the  body  may  harbor  many 

[varieties  of  micro-organisms,  and  the  researches  of  Welch  have  shown  that  a 

fhite  staphylococcus  is  constantly  present.     These  .organisms  get  into  the  hair 

follicles  and  mouths  of  the  sweat  glands,  so  that  it  is  practically  impossible  to 

^dislodge  them  by  mechanical  means  or  to  reach  them  all  with  any  chemical 

agents  that  will  not  at  the  same  time  destroy  the  skin.     It  is  usually  possible 

:to  render  the  superficial  surface  of  the  skin  aseptic,  so  that  infection  will  rarely 

be  attributable  to  this  source.     The  avoidance  of   undue  scrubbing  and  the 

proper  use  of  gloves  are,  however,  safeguards  which  the  majority  of  surgeons 

now  heed. 

The  chief  danger  in  the  employment  of  gloves  is  that  it  imparts  a  false 
sense  of  security,  so  that  the  cleansing  of  the  hands  is  slighted.  But  the  gloves 
may  be  torn  during  the  operation  or  pricked  with  a  needle,  and  then  the  danger  of 
infection  is  even  greater  than  if  gloves  were  not  being  worn.  The  reason  for  this 
is  that  the  hands  are  prone  to  sweat  within  the  gloves,  and  the  activity  of  the 
skin  brings  to  the  surface  bacteria  from  the  deeper  layers.  Therefore  in  using 
gloves  it  must  be  remembered  (1)  that  the  hands  should  be  thoroughly  cleansed 
at  the  outset,  and  (2)  that  a  torn  glove  must  be  immediately  discarded.  Extra 
pairs  of  gloves  already  steriUzed  should  be  constantly  on  hand,  and  with  these 
it  is  well  to  have  a  few  sterile  finger  cots  which  can  be  slipped  on  in  the  event 
of  a  small  tear  or  needle  prick. 

The  sine  qua  non  of  hand  disinfection  is  soap  and  water,  plus  time  and  elbow 
grease.  To  begin  with,  the  hands  should  be  socially  clean,  then  on  to  the  dry 
skin  is  rubbed  a  small  lump  of  green  soap.  This  is  thoroughly  applied  to  the 
hands  and  to  the  arms  as  far  up  as  the  elbow,  and  the  process  of  rubbing  is  con- 
tinued until  the  soap  has  apparently  disappeared.  The  hands  and  arms  are  now 
immersed  in  hot  sterile  water  and  scrubbed  for  five  minutes  with  a  moderately 
stiff  brush.  They  are  then  dried  on  a  sterile  towel  and  each  finger  nail  is  carefully 
gone  over  with  a  nail  file — a  small  pointed  stick  of  hard  wood  is  preferred  by 
some — to  remove  any  foreign  matter  that  may  be  present.  The  brushes  and 
nail  files  are  kept  in  a  1  :  30  carbolic-acid  solution.  A  second  application  of 
green  soap  is  now  made,  and  the  hands  and  arms  are  thoroughly  scrubbed  in 
sterile  water.  After  rinsing  in  sterile  water  the  hands  should  be  surgically  clean. 
This  outline  of  hand  disinfection  mav  be  variouslv  modified  or  extended. 
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In  many  clinics  the  routine  is  much  as  has  just  been  described,  but  in  addition  the 
hands  and  arms  are  soaked  in  an  antiseptic  solution,  usually  95  per  cent  alcohol  or 
1  :  1,000  bichloride  solution.  Other  operators  use  chloride  of  lime  or  potassium 
permanganate,  followed  by  oxalic  acid.  It  is  the  writer's  opinion  that  all  dis- 
infectants, except  soap,  are  unnecessary,  and  even  as  the  epoch-making  Listerism 
has  given  way  to  modern  asepsis  so  in  the  smaller  details  of  operative  technique 
have  the  stronger  disinfectants  waned  in  usefulness.  Furthermore,  the  skin 
that  is  most  readily  cleansed  is  the  one  that  is  soft  and  pliable,  and  the  constant 
employment  of  most  disinfectants  makes  the  epidermis  rough  and  irregular,  even 
if  it  does  not  give  rise  to  a  dermatitis. 

Rubber  gloves  are  sterilized  by  boiling  for  ten  minutes.  This  is  best  done 
just  prior  to  the  operation,  and  they  are  then  transferred  to  a  sterile  basin  con- 
taining bichloride-of-mercury  solution,  1 :  2,000,  or  simply  sterile  water.  The 
gloves  are  easily  put  on  by  first  filling  them  with  the  solution  and  then  pushing 
the  fingers  and  hand  into  the  distended  glove  and  so  displacing  the  fluid.  Some 
surgeons  prefer  to  put  on  dry  gloves,  and  in  such  cases  they  are  dried  and  kept 
in  sterile  talcum  powder. 

Instruments  and  Suture  Material. 

Instruments. — Nearly  every  form  of  instrument  is  so  made  that  it  is  unharmed 
by  boiling  water.  All  instruments  should  be  kept  in  a  clean  dry  condition,  and 
just  prior  to  operation  they  are  sterilized  by  boiling  for  from  twenty  to  thirty 
minutes.  Knives,  however,  have  their  edges  injured  by  such  a  process  and, 
because  of  their  simple  construction,  it  suffices  to  boil  them  for  one  minute,  or 
they  may  be  sterilized  in  1  :  20  carbolic-acid  solution. 

Soiled  non-cutting  instruments  are  cleansed  by  washing  in  soap  and  water 
and  then  scrubbing  them  with  a  brush  and  some  sapolio  or  prepared  powder. 
They  are  then  rinsed  and  boiled  in  water  to  which  carbonate  of  soda  has  been 
added  in  the  proportion  of  a  tablespoonful  of  soda  to  a  quart  of  water.  They 
are  then  dried  and  put  away  in  a  moisture-free  case.  If  blood-covered  instru- 
ments are  boiled  before  being  cleaned  it  is  found  that  the  albuminous  material 
is  firmly  coagulated  and  difficult  to  dislodge. 

Suture  Material. — The  suture  materials  most  commonly  employed  are  catgut, 
horsehair,  silkworm  gut,  and  celloidin  linen.  At  the  discretion  of  the  operator, 
or  for  special  reasons,  metallic  sutures  of  silver  wire,  silk  thread,  and  kangaroo 
tendon  are  all  in  use. 

Catgut  is  the  most  extensively  employed  suture  material,  and,  under  favor- 
able conditions,  is  by  far  the  best  substance  for  the  purpose.  There  are  two 
essential  points  in  the  use  of  this  material  that  must  be  emphasized,  and  dis- 
appointing results  from  catgut  can  always  be  ascribed  to  the  lack  of  observance 
of  these  two  factors.     (1)  The  material  must  be  sterile.     (2)  The  sutures  must 
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;be  dra\\ii  and  tied  not  too  tightly.    As  regards  the  first  point  it  is  advisable  in 
[hospital  work  to  delegate  the  sterilization  of  the  catgut  to  one  responsible  person 
irho  has  mastered  the  technique  of  the  process  so  as  to  obtain  uniform  results, 
^he  head  nurse  of  the  operating-room  is  usually  best  fitted  to  manage  the  work. 
?he  prepared  catgut  put  on  the  market  by  commercial  houses  is  usually  satisfac- 
tory, but  always  contains  an  element  of  uncertainty  as  to  its  aseptic  quality, 
le  other  essential  point  in  using  catgut  has  been  frequently  emphasized,  but 
[nevertheless  is  often  forgotten.    If  the  suture  is  tied  too  tightly,  pressure  necrosis 
[follows,  and,  although  the  gut  may  be  sterile  and  the  wound  clean,  yet  a  stitch 
ibscess  results.     The  reason  for  this  is  that  the  injured  tissue  offers  an  area  of 
lowered  resistance,  and  a  staphylococcus  from  the .  skin  is  able  to  get  a  f oot- 
lold,  whereas  in  healthy  tissue  it  would  be  quickly  destroyed  by  the  protective 
[elements  in  the  lymph,  etc. 

Catgut  is  best  sterilized  by  Bartlett's  method.  Accordingly  it  is  dried  in  a 
[hot-air  chamber,  with  the  precaution  of  not  permitting  it  to  touch  the  side  walls 
rof  the  sterilizer,  which  would  render  the  gut  brittle.  The  process  of  heating 
should  proceed  slowly  and  the  temperature  never  be  allowed  to  exceed  220°  F. 
At  180°  the  thermometer  should  be  carefully  watched  to  prevent  the  temper- 
ature rising  too  rapidly,  and  it  should  be  held  at  220°  for  about  thirty  minutes. 
The  catgut  is  next  transferred  with  sterile  forceps  to  an  asbestos-lined  kettle, 
where  it  is  allowed  to  remain  in  liquid  albolene  for  twenty-four  hours.  It  is 
then  heated  on  a  sand  bath  in  which  the  temperature  is  gradually  elevated  to 
320°  F.  and  maintained  at  this  point  for  one  and  one-half  to  two  hours.  The 
same  precaution  is  to  be  employed  in  regard  to  the  rise  of  temperature  while  the 
gut  is  in  the  oil  as  that  employed  while  it  is  in  hot  air,  viz.:  that  after  the 
temperature  reaches  280°  it  should  be  watched  very  carefully  and  it  is  better 
to  keep  the  temperature  at  318°,  that  is,  just  short  of  320°  F.,  as  any  rise  above 
320°  would  cause  catgut  to  become  brittle.  The  asbestos-lined  kettle  just 
spoken  of  is  covered  with  cardboard,  through  the  centre  of  which  the  thermo- 
meter is  passed.  Lastly,  the  catgut  is  kept  in  a  sterile  condition  in  glass  jars  con- 
taining one-per-cent  crystal  iodine  in  best  Columbian  spirits.  Grain  alcohol 
should  not  be  used.  It  is  well,  after  the  gut  has  been  boiled  in  oil,  to  hold 
it  up  to  allow  the  excess  of  oil  to  drip  from  it.  The  sizes  used  are  numbered 
1,  2,  3,  and  4. 

Ordinary  catgut,  as  prepared  above,  is  completely  absorbed  in  from  seven 
to  ten  days,  while  it  loses  its  strength  several  days  sooner.  For  this  reason 
chromicized  catgut  is  valuable,  as  it  is  absorbed  only  in  three  to  six  weeks'  time. 
It  is  readily  prepared  by  first  soaking  ordinary  catgut  in  ether  so  as  to  dissolve 
out  the  fat  particles,  after  which  it  is  placed  in  a  four-per-cent  aqueous  solution 
of  chromic  acid,  where  it  remains  for  twenty-four  hours.  It  can  then  be  sterilized 
by  the  Bartlett  method.  (For  further  details  regarding  the  sterilization  of 
catgut  the  reader  is  referred  to  Vol.  I.,  p.  728  et  seq.) 
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Silkworm  gut  is  rendered  sterile  by  boiling  it  with  the  instruments,  or  it  may 
be  sterilized  along  with  the  dressings  in  the  steam  sterilizer  for  one  and  one-half 
to  two  hours.  When  it  is  not  to  be  used  at  once  it  is  kept  in  grain  alcohol, 
sixty-per-cent  strength,  to  which  crystals  of  iodine  have  been  added  in  the  pro- 
portion of  1  :  100. 

Horsehair  is  first  prepared  by  occasional  washing  in  soap  and  water  for  five 
or  six  days,  the  water  being  changed  daily.  It  is  then  placed  in  a  1  :  1,000  so- 
lution of  mercury  bichloride  for  twenty-four  hours,  after  which  it  is  boiled  for 
three  minutes.  It  is  preserved  in  jars  containing  one  per  cent  crystal  iodine  in 
Columbian  spirits. 

Silk  thread  and  Pagenstecher's  celloidin  linen  thread  are  both  insoluble  and 
remain  unabsorbed  in  the  tissues.  For  this  reason  their  field  of  usefulness  is 
limited,  as  they  act  as  foreign  bodies  and  are  particularly  unsuitable  in  the  region 
of  an  infected  area.  The  celloidin  thread  is  generally  safer  than  silk  because  its 
smooth  surface  and  firmer  texture  do  not  favor  the  lodgment  of  bacteria. 

Both  these  materials  are  sterilized  by  being  boiled  with  the  instruments,  but 
repeated  boiling  of  celloidin  thread  renders  it  friable.  Silver  wire  is  now  but 
little  used.     It  is  sterilized  by  boiling. 

Kangaroo  tendon  is  too  expensive  to  come  into  very  general  use.  Like 
catgut  it  is  difficult  to  sterilize,  but  has  the  advantage  over  catgut  in  being 
stronger  and  less  liable  to  come  untied.* 

Spoxces  and  Pads. 

Sponges  are  of  two  kinds,  the  so-called  gauze  sponges  and  the  natural  sea 
sponges.  Sponges  made  of  folded  surgeon's  gauze  have  practically  replaced 
the  natural  variety  in  most  operative  clinics.  The  gauze  is  cut  into  pieces  of 
suitable  size,  and  these  are  then  folded  into  a  convenient  shape  and  in  such  a 
manner  that  the  loose  frayed  edges  are  infolded.  All  loose  threads  should 
be  removed.  These  sponges  are  placed  in  cotton  bags  and  are  sterilized  in 
the  steam  sterilizer. 

Sea  sponges  have  a  greater  absorbing  power  and  are  more  elastic  and  yielding 

*Dr.  Henry  O.  Marcy,  of  Boston,  Mass.,  thus  describes  an  effective  method  of  sterilizing 
kangaroo  tendon:  "The  tendons  are  taken  from  recently  killed  animals,  are  quickly  sun  dried, 
and  kept  dry  till  ready  for  preparation.  They  are  then  soaked  vmtil  soft  in  a  sublimate  solu- 
tion (1:1,000),  carefully  separated,  sorted,  and  quickly  dried.  They  are  then  immersed  in 
ether  for  twenty-four  hours,  although  this  is  hardlj^  necessary,  as  they  seem  absolutely  free  of 
fat.  After  this  they  are  chromicized  and  permanently  put  up  in  a  solution  of  carbolic  oil 
(1:10),  after  the  Lister  formula  for  the  preparation  of  catgut.  They  should  be  kept  in  the 
carbolized  oil  until  required  for  use,  then  wrapped  in  a  towel  wrung  from  1 :  1 ,000  mercuric  solu- 
tion for  a  few  minutes,  which  makes  them  supple  and  easy  of  application.  They  do  not  soften 
and  swell  a.s  catgut  similarly  treated.  It  must,  however,  be  remembered  that  every  precau- 
tion of  modern  surgery  is  demanded  in  placing  aseptic,  buried  sutures  aseptically  in  aseptic 
wounds."  (Transactions  of  the  American  Association  of  Obstetricians  and  Gynaecologists, 
vol.  iv.,  1891,  p.  180.) 


sii 


^■than  gauze  sponges.  It  is  for  these  reasons  that  some  operators  still  make  use 
Bof  them.  Their  preparation  is  as  follows:  Sponges  are  selected  that  are  about 
R^four  or  five  inches  in  diameter.  These  are  placed  for  twelve  to  twenty-four 
hours  in  a  solution  of  hydrochloric  acid,  1  :  60,  in  order  to  dissolve  out  the  par- 
ticles of  lime  which  they  contain.  Following  this  they  are  thoroughly  washed  in 
running  water  and  then  placed  for  fifteen  minutes  in  a  saturated  solution  of  potas- 
sium permanganate.  The  nurse  then  puts  on  sterile  rubber  gloves,  squeezes  each 
iponge,  and  places  it  in  a  warm  saturated  solution  of  oxalic  acid  until  thorough- 
ly bleached.  They  are  then  washed  free  of  the  acid  in  sterile  water  and  placed 
;in  large  glass  jars  containing  1  :  30  carboUc-acid  solution.  Just  prior  to  operation 
jveral  sponges  are  lifted  out  with  sterile  forceps  and  transferred  to  a  dish  of 
:erile  water  or  salt  solution,  in  which  they  are  thoroughly  rinsed  and  squeezed 
fand  are  then  put  in  a  second  basin  of  salt  solution.  They  can  then  be  cut  into 
smaller  sizes  if  desired  and  fastened  on  to  sponge-holdei's  and  trimmed  to  a  suit- 
lable  shape.  Sponge  sticks  so  arranged  are  especially  useful  in  sponging  deep  in 
Fthe  pelvis,  etc. 

The  gauze  pad,  or  Mikulicz  pad,  consists  of  several  layers  of  gauze  folded  into 
a  rectangular  shape  and  sewed  so  as  to  present  no  frayed  edges.  They  may  be 
imade  in  various  sizes  and  should  always  have  a  piece  of  tape  sewed  on  to  one 
lorner.  The  number  of  pads  used  at  each  operation  should  be  known  in  every 
[instance,  so  that  before  the  abdomen  is  closed  they  can  be  counted  and  checked  to 
'make  certain  that  no  pads  are 'left  within  the  cavity.  The  long  tapes  are  a  further 
safeguard  in  tliis  direction  as  they  are  left  outside  the  wound  and  can  be  tem- 
porarily clamped  by  an  arterj^  forceps  to  the  towels.  The  larger-sized  Mikulicz 
[pads  are  especially  useful  in  packing  off  the  intestines  or  other  viscera,  and  they 
should  be  wrung  out  in  warm  salt  solution  before  being  placed  in  position.  The 
.smaller  sizes  are  used  as  sponges.  The  pads  are  most  conveniently  placed  in 
bundles  of  five  or  ten,  wTapped  in  cotton  cloth,  and  sterilized  in  the  steam  steril- 
|izer  along  with  the  dressings  for  one  and  one-half  to  two  houre. 

An  abundance  of  towels  should  be  always  on  hand,  as  they  are  used  for  a 
ivariety  of  purposes.  They  are  made  into  packages  of  five  to  ten,  covered  'vs'ith 
[^cotton  cloth,  and  sterilized  in  the  steam  sterilizer.  Larger  and  smaller  sheets 
►f  cotton  cloth  are  used  as  coverings  for  the  patient,  the  tops  of  tables,  etc.  The 
;rile  sheet  that  is  laid  over  the  patient  in  coeUotomy  cases  is  about  six  feet 
rsquare  and  has  an  opening,  or  window,  about  five  by  ten  inches  so  placed  as  to 
lie  over  the  field  of  operation  when  the  sheet  is  adjusted. 

Drainage  Material. 

Gauze  and  other  fabric  structures,  either  plain  or  medicated,  are  common 

[materials  for  drainage  and  are  supplemented  by  rubber  tissue,  rubber  tubes, 

id  glass  tubes.     In  regard  to  the  abdominal  ca\ity  it  has  been  clearly  de- 
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monstrated  that  drainage  is  not  as  necessary  a  feature  as  has  formerly  been 
thought.  If  drainage  is  deemed  expedient  the  best  results  are  obtained  by 
the  use  of  the  split  spiral  rubber  tube,  or  else  the  so-called  cigarette  drain  with 
textile  fabric  unexposed  to  peritoneal  contact. 

The  successful  placing  of  a  gauze  drain  is  an  art  that  requires  careful  con- 
sideration in  each  individual  case.  The  very  object  for  which  the  gauze  is 
inserted  may  be  defeated  if  it  is  thoughtlessly  crammed  into  a  gaping  wound, 
and  the  ease  with  which  the  drainage  material  may  subsequently  be  removed 
is  usually  in  direct  proportion  to  the  care  with  which  it  is  inserted.  The  first  care 
in  selecting  a  gauze  drain  is  to  see  that  all  the  frayed  edges  are  infolded  or  else 
selvedged  so  that  small  threads  will  not  break  off  and  be  left  in  the  abdominal 
cavity  as  foreign  bodies.  Then,  if  a  single  strip  of  gauze  is  to  be  used,  one 
end  is  placed  at  the  bottom  of  the  wound,  and  the  rest  is  loosely  packed  by 
running  it  back  and  forth  in  successive  plaits.  In  no  instance  should  pressure 
be  allowed  on  the  surface  of  the  bowel  or  other  viscera.  In  other  instances 
several  strips  of  gauze  may  be  introduced  which  run  in  a  parallel  direction 
down  to  the  bottom  of  the  part  to  be  drained. 

It  is  generally  recognized  that  there  are  many  better  ways  of  securing  drainage 
than  that  alTorded  by  the  use  of  gauze  alone.  The  chief  advantage  that  accrues, 
in  certain  cases,  from  gauze  drainage  is  in  the  adhesions  that  are  formed  about 
the  gauze.  It  is  the  formation  of  these  adhesions  that  has  led  many  sur- 
geons to  condemn  the  employment  of  gauze,  but  it  should  be  remembered  that 
there  is  a  class  of  cases  in  which  a  successful  result  depends  upon  the  shutting  off 
of  an  area  by  adhesions.  It  is  in  just  these  cases  that  gauze  drainage  is  indicated 
and  should  be  used.  Associated  with  this  proper  employment  of  gauze  should 
be  understood  the  relation  that  is  set  up  between  the  gauze  and  the  tissues, 
which  has  a  practical  bearing  on  the  time  of  removal  of  the  drain.  In  the  first 
twenty-four  hours  an  abundance  of  lymph  is  thrown  out  around  the  gauze;  this 
quickly  organizes  and  becomes  invaded  by  newly  formed  blood-vessels.  If  the 
gauze  is  removed  during  this  process  it  breaks  up  these  small  vessels  and  so 
interferes  with  the  organization  of  the  tissue.  As  the  process  occupies  about  six 
or  seven  days,  the  gauze,  inserted  for  the  express  purpose  of  inducing  adhesions,, 
should  not  be  removed  until  this  length  of  time  has  expired.  On  the  third  or 
fourth  day,  however,  the  gauze  may  be  "started"  and  the  central  portions  of 
gauze  may  be  removed  in  those  cases  in  which  several  strips  have  been  introduced. 
This  manoeuvre  relieves  pressure  and  accustoms  the  drainage  tract  to  a  gradual 
closing  process.  On  the  seventh  or  eighth  day  adhesions  are  firm  enough  to 
allow  of  the  total  withdrawal  of  the  gauze,  which  is  now  found  to  have  loosened 
up  considerably  as  compared  with  its  rather  firm  union  with  the  tissues  during 
the  first  few  days. 

The  cigarette  drain  is  one  of  the  most  satisfactory  forms  in  which  to  provide 
temporary  communication  between  the  bottom  of  a  cavity  and  the  exterior. 
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[t-  is  easily  made  by  rolling  a  strip  of  gauze  in  a  covering,  or  wrapper,  consisting 
)f  a  thin  sheet  of  rubber  protective  tissue  that  is  about  six  inches  square.  The 
luze  should  not  project  from  the  lower  end  except  for  special  purposes,  and 
then  not  more  than  one  inch,  and  this  end  should  be  free  from  frayed  edges. 
"After  this  drain  is  inserted,  the  upper  end  is  cut  off  about  a  quarter  of  an  inch 
above  the  surface  of  the  skin. 

There  is  one  serious  drawback  to  all  forms  of  gauze  drainage,  and  that  is  due 
the  fact  that  the  meshes  in  the  gauze  soon  become  clogged  up  with  lymph 
)r  fibrin  and  then  it  ceases  to  drain.  For  this  reason,  where  much  fluid  discharge 
to  be  carried  off,  it  is  preferred  to  use  tube  drainage.  For  this  purpose  one  uses 
either  a  piece  of  soft-rubber  tubing  or  a  specially  shaped  glass  tube.  These  tubes 
re  usually  open  at  the  lower  end  and  in  addition  have  a  number  of  small  per- 
forations along  the  sides.  A  sterile  wick  is  usually  passed  down  within  the 
tube,  and  this  can  be  pulled  out  when  required,  and  a  fresh  one  put  in. 

In  many  respects,  for  pure  drainage,  the  perforated  glass  tube  is  the  best  be- 
luse  its  smooth  hard  surface  does  not  invite  adhesions.  The  tube  should  be  of 
such  a  length  that  it  does  not  project  for  more  than  a  quarter  of  an  inch  above 
the  surface  of  the  abdomen.  If  it  is  longer  than  this  the  pressure  exertetl  by  the 
pressings  and  binder  might  cause  it  to  press  upon  the  bowel,  producing  necrosis 
id  a  resulting  faecal  fistula.  It  is  generally  advisable  to  replace  the  glass  tube, 
ifter  the  first  twenty-four  hours,  with  a  smaller  soft-rubber  tube.  This  can 
^easily  be  inserted  inside  of  the  glass  tube,  and  then  the  latter  pulled  out. 

It  is  not  purposed  here  to  discuss  the  indications  for  drainage  nor  the  tech- 
ique  of  drainage  in  different  operative  procedures.  The  emplojTiient  of  stab 
[drainage,  vaginal  puncture,  etc.,  is  fully  dealt  with  in  other  appropriate  chapters. 
[The  exposed  ends  of  all  kinds  of  drainage  tubes  should  be  covered  with  a  goodly 
imount  of  sterile  gauze  or  cotton  to  quickly  absorb  all  discharges  that  are 
[brought  to  the  surface.  It  is  almost  needless  to  mention  that  all  drainage 
imaterial,  dressings,  etc.,  that  come  into  contact  with  the  wound  should  be 
thoroughly  aseptic,  and  that  all  subsequent  manipulation  and  dressing  of  the 
^parts  should  be  done  with  sterile  instruments. 

Gauze  for  drainage  use  may  be  medicated  in  various  ways.     The  chief  sub- 

mces,  however,  that  are  incorporated  in  gauze  arc  iodoform  and  bismuth. 

["Iodoform,"  to  quote  from  Hare,  "occupies  a  unique  place  among  antiseptics  in 

paving  been  almost  univereally  accepted  and  used  by  surgeons  in  spite  of  the 

fact  that  its  germicidal  action  has  been  proved  by  laboratory  research  to  be  practi- 

^cally  nil.    Furthermore,  it  has  been  shown  that  iodoform  is  not  even  sterile,  and 

khat,  as  employed  by  surgeons,  it  is  frequently  a  cause  of  infecting  previously  asep- 

Ftic  wounds;  furthermore,  it  is  poisonous."     But  the  same  writer  then  shows  that 

[the  drug  acts  as  a  powerful  disinfectant,  not  by  destroying  germs,  but  by  under- 

[going  a  decomposition  in  their  presence,  the  products  of  which  render  the 

)tomains,  the  result  of  germ  growth,  inert.     "  It  will  be  readily  understood  from 
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the  foregoing  that  iodofoi-ni  is  of  little  service  in  aseptic  wounds;  that  it  becomes 
of  utility  in  direct  proportion  to  the  foulness  of  discharge;  and  that  to  exert  its 
influence  it  must  be  applied  directly  to  the  part." 

Iodoform  gauze  may  be  prepared  in  two  ways.  In  small  amounts  it  is  readily 
made  by  rubbing  powdered  iodoform  into  gauze  that  has  been  moistened  with 
water  or  a  weak  solution  of  bichloride.  It  is  generally  prepared  for  hospital  use 
as  follows :  one  part  of  pulverized  iodoform  is  thoroughly  mixed  with  four  parts  of 
glycerin  and  eight  parts  of  alcohol.  The  gauze  is  now  moistened  in  a  weak  solution 
of  mercury  bichloride  and  the  iodoform  paste  thoroughly  rubbed  into  its  meshes. 

Bismuth  gauze  is  preferred  by  some  operators  because  of  the  not  infrequent 
susceptibility  of  some  individuals  to  iodoform.  It  can  be  prepared  in  much  the 
same  way  as  outlined  above,  by  substituting  the  subnitrate  or  subiodide  of  bis- 
muth for  the  iodoform. 

Iodoform  and  bismuth  gauze,  as  prepared  above,  may  be  sterilized  by  steam. 

Dressings. 

The  essential  features  of  a  good  dressing  are:  (1)  It  should  be  of  sufficient 
extent  thoroughh^  to  cover  the  wound  and  its  contiguous  territory ;  (2)  it  should 
be  firmly  and  neatly  applied;  (3)  it  should  not  exert  undue  pressure  on  bony 
prominences  nor  be  tight  enough  to  interfere  with  the  circulation  of  the  part;  (4) 
it  should  serve  to  put  the  part  at  rest,  while  having  due  regard  for  the  comfort 
of  the  patient;  (5)  in  open  wounds  it  should  be  applied  in  a  sterile  condition  and 
so  protected  as  to  prevent  contamination  from  the  outside;  (6)  in  drainage 
cases  it  should  be  of  an  absorbent  material  and  of  sufficient  abundance  to  care 
for  the  amount  of  discharge  that  may  escape  from  the  wound. 

It  is  not  purposed  here  to  discuss  the  different  forms  of  dressing  that  are 
suitable  for  various  operative  procedures.  The  chief  material  used  in  dressings 
is  surgeon's  gauze,  or  cheesecloth,  supplemented  by  absorbent  cotton.  There 
may  be  incorporated  into  dressings  for  special  purposes  such  substances  as  starch, 
plaster  of  Paris,  etc.  Furthermore,  dressings  may  be  medicated  with  various 
germicides  and  disinfectants  and  the  dressing  may  be  applied  dry  or  wet.  Other 
substances  used  for  dressings  are  silver  foil,  collodion  containing  one  grain  of 
mercury  bichloride  to  the  ounce,  etc. 

As  a  general  thing  the  simpler  dressings  suffice.  In  clean  coeliotomy  cases, 
for  instance,  the  operative  site  may  be  covered  with  several  layers  of  dry  sterile 
gauze,  and  over  this  is  pinned  a  binder.  It  is  advisable  so  to  fasten  the  dressings 
that  the  wound  may  be  uncovered  without  disturbing  the  patient.  Binders, 
being  made  in  one  piece,  do  not  well  conform  to  the  shape  of  the  body,  and 
for  this  reason  it  is  better  to  use  a  Scultetus  bandage  made  of  strips  of  canton 
flannel.  Another  simple  way  to  hold  dressings  in  place  is  to  have  on  hand 
strips    of  adhesive  plaster  one  inch  and  one-half  wide  and  about  ten  inches 
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long,  to  one  end  of  which  a  piece  of  tape  has  been  sewed.  Two  or  three  pairs  of 
these  are  fastened  to  the  patient's  flanks,  so  that  the  tapes  meet  across  the 
median  line,  where  they  can  be  tied. 

The  wet  bichloride  dressing  is  widely  used  and  simply  consists  of  gauze  moist- 
ened with  a  solution  of  bichloride  of  a  strength  of  1  :  1,000  or  1  :  2,000.  A 
strip  of  this  kind  can  be  laid  over  the  rows  of  sutures  and  then  covered  with  sterile 
dry  gauze. 

The  Operating-Room. 

The  time  is  passing  when  any  but  trivial  operations  will  be  done  outside  of 
hospitals.  There  is  abundant  reason  why  this  should  be  so,  because  of  the  added 
safety  to  the  patient  as  well  as  the  greater  convenience  and  expedienc}-  and 
the  great  sa\4ng  of  labor  engendered  by  the  systematic  adjustment  of  the 
operating-room  machinery.  In  certain  cases,  however,  in  which  the  patient 
cannot  be  moved,  it  will  always  be  necessary  to  operate  in  the  home  under 
conditions  not  the  most  favorable  for  brilliant  results.  Nevertheless,  a  simple 
but  rigid  technique,  combined  with  a  certain  amount  of  resourcefulness, 
should,  in  many  instances,  afford  the  patient  the  advantages  to  be  had  in 
the  hospital. 

The  hospital  operating-room  may  be  a  square  or  rectangular  apartment 
with  moderately  high  ceiling.  The  walls  should  be  perfectly  bare,  without 
mouldings  or  cornices,  while  all  corners  should  be  rounded  off  to  prevent  lodg- 
ment of  dust  particles.  In  cities  it  is  always  preferred  to  have  this  room  on  the 
top  floor  of  the  hospital  building,  at  which  height  the  atmosphere  is  freer  from 
dust  than  at  the  street  level.  An  abundance  of  light  should  be  secured  by  a  sky- 
light or  by  large  windows,  and  it  is  much  preferred  that  the  room  have  a  northern 
exposure.  The  walls  and  ceiling  should  have  a  hard  waterproof  finish,  so  that  they 
can  be  wiped  dowTi  with  wet  cloths.  The  floor  is  made  of  cement,  or  is  tiled, 
so  that  an  abundance  of  water  may  be  used  daily  in  washing  off  the  floor.  It  is 
very  inadvisable  to  have  a  drain  pipe,  or  trap,  in  the  floor,  as  is  not  infrequently 
seen  in  operating-rooms,  because  such  a  contrivance  is  hard  to  keep  clean  and 
may  harbor  the  most  virulent  organisms. 

The  proper  ventilation  requires  particular  consideration.  The  windows 
serve  merely  for  furnishing  the  needed  amount  of  hght,  and  under  no  circumstances 
should  be  opened  prior  to  or  during  an  operation,  ^^^lile  the  technical  details 
of  ventilation  cannot  be  touched  upon  here,  the  chief  considerations  are  to  secure 
a  necessary  supply  of  clean  air  and  to  provide  the  necessary  exits  or  outlets. 
Under  no  circumstance  should  the  system  of  ventilation  give  rise  to  currents  of 
air  in  the  area  occupied  by  the  operating-table  because  of  the  danger  of  chilling 
the  patient  while  adding  to  the  possibility  of  infection.  As  will  be  readily  under- 
stood, steam  or  hot-water  heating  is  much  preferred  over  hot  air. 

Artificial  light  is  best  furnished  by  an  inverted  glass  dome-like  projection  in 
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the  ceiling  which  contains  electric  or  gas  fixtures,  as  such  a  contrivance  is  much 
better  than  chandeliers  and  brackets. 

Only  the  minimum  amount  of  necessary  furniture  should  be  found  in  the  oper- 
ating-room, and  this  should  be  of  the  simplest  construction.  Instrument 
closets,  shelves,  stationary  wash  basins,  sterilizers,  etc.,  should  be  in  an  adjoining 
apartment.  The  necessary  equipment  consists  of  the  operating-table,  a  table  for 
instruments  and  one  for  pads,  sponges,  and  dressings,  a  few  stools,  and  a  recepta- 
cle for  soiled  articles.  These  pieces  of  furniture  are  best  constructed  of  enameled 
metal  ware  and  heavy  plate  glass,  should  be  light  but  strong  in  construction,  and 
should  be  free  from  angles  and  crevices  which  will  prevent  thorough  cleaning. 

Immediately  adjoining  the  operating-room,  or  in  very  close  proximity  to  it, 
are  the  rooms  for  administering  the  ansesthetic,  the  surgeons'  dressing-room 
with  the  basins  and  solutions  for  hand  disinfection,  and  the  sterilizing-room  with 
its  necessary  appurtenances. 

Operating  at  the  patient's  home  may  be  necessary,  and  it  is  always  well  for  the 
surgeon  to  be  fully  prepared  for  any  emergency  that  may  arise.  As  a  rule  this 
appHes  more  to  those  men  who  are  engaged  as  railway  surgeons,  and  the  many 
details  connected  with  this  class  of  emergency  surgery  will  be  fully  dealt  with 
in  another  chapter.  (See  Vol.  VIII.)  But  the  man  located  in  sparsely  settled 
districts,  away  from  hospital  centres,  is  often  called  to  do  serious  major  opera- 
tions, and  with  the  more  limited  facilities  come  even  added  responsibilities. 

If  it  is  decided  to  operate  in  a  private  dwelling,  and  the  case  is  not  an 
urgent  one,  a  room  should  be  selected  for  the  purpose,  all  furniture  removed,  the 
carpets  taken  up,  and  all  hangings  removed  from  the  walls  and  windows.  The 
walls  should  be  wiped  down  with  a  damp  cloth  and  the  floor  then  thoroughly 
cleaned  with  hot  water  and  soap.  In  the  event  of  an  emergency  case,  how- 
ever, as  little  disturbance  as  possible  properly  to  meet  the  demands  should  be 
made  because  it  only  serves  to  stir  up  the  dust.  Hangings  should  be  left 
untouched.  Clean  sheets  carefully  fastened  to  the  walls,  especially  those  near- 
est to  the  patient,  are  advisable.  The  floor  should  be  well  sprinkled  with 
plain  water  or  a  solution  of  mercury  bichloride  or  carbolic  acid. 

It  is  most  advisable  that  the  operator  bring  his  suture  and  drainage  material, 
sponges,  towels,  and  dressings,  already  sterilieed,  so  that  it  will  simply  be  necessary 
to  boil  the  instruments  at  the  patient's  home.  A  quantity  of  boiled  and  cooled 
water  should  be  on  hand,  and  this  is  most  conveniently  contained  in  a  large  wash 
boiler.  Several  china  basins  and  pitchers  should  be  sterilized  by  boiling  or  with 
carbolic  acid  1  :  20,  and  then  covered  with  sterile  towels.  In  place  of  instru- 
ment trays  one  can  use  plates  and  platters,  or  enameled  or  agateware  dishes, 
etc.,  may  be  at  hand  or  X^an  be  bought  at  a  shop. 

An  improvised  operating-table  can  be  variously  made,  unless  the  surgeon 
carries  with  him  some  form  of  portable  table,  several  kinds  of  which  are  on  the 
market.    A  kitchen  table  is  most  generally  brought  into  use,  and  on  this  may  be 
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placed  a  narrow  wardrobe  door  or  a  window  shutter.  The  Trendelenburg  post- 
ure can  be  arranged  for  by  tipping  up  a  small  straight-back  chair  on  the  table 
and  leaning  the  improvised  board  on  this. 

Operations  outside  the  hospital  can  be  comfortably  conducted  with  the  aid 
of  the  surgical  outfit  trunk  as  used  by  Dr.  J.  M.  T.  Finney,  of  Baltimore.     This 


Fig.  64. — Finney-Pancoast  Trunk,  Closed. 


Fig.  6.5.— Finiiey-rancoa-st  Iriiiik  Openeil,  and  Traj'  Removed  and  Placed  on  One  Side.  The 
surgeon's  instruments  and  the  various  porcelain-lined  basins  and  receptacles  are  shown  as  they  are 
packed  in  one  of  the  halves  of  the  trunk.  The  legs  which  are  to  be  used  in  converting  the  tray  and  the 
two  halves  of  the  trunk  into  separate  tables  (the  two  halves  of  the  trunk  forming  an  operating-table), 
are  packed  in  the  other  half.  In  the  illustration  most  of  these  I^s  have  been  unpacked  and  placed  in 
their  respective  sockets. 

trunk  is  about  the  size  of  a  small  steamer  trunk  and  is  kept  packed  with  all  the 
necessary  supplies  for  an  operation  except  the  instruments,  and  these  can  be 
quickly  put  in.     The  chief  novelty  about  this  trunk,  however,  is  that  it  opens 
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endwise  and  is  so  jointed  and  arranged  that  after  being  emptied  it  is  propped  up 
on  legs  and  serves  as  the  operating-table.  It  can  be  easily  carried  on  a  cab  to 
the  railroad  depot,  checked,  and  go  with  the  surgeon  on  the  same  train. 

Dr.  Finney  and  Dr.  Omar  Pancoast  describe  their  method  of  using  this 
outfit  in  the  following  terms : 

The  large  arm  basin  containing  four  or  five  instrument  trays  is  immediately 
filled  with  al  :  1,000  solution  oi  bichloride  of  mercury  and  the  trays  are  thus  ster- 
ilized by  soaking.  When  taken  out  each  may  be  covered  with  a  sterile  towel  or 
tray  cover.  The  largest  of  the  round  basins  is  filled  with  bichloride  solution,  and  the 
smallest  of  this  set  is  sterilized  by  shaking  in  the  same  manner.  The  large  basin  is 
finally  used  for  the  operator's  hand-basin  of  bichloride,  and  the  small  one  for  sterile 
water,  salt  solution,  or  sponges  as  the  occasion  requires.     Two  of  the  round  basins 


Fig.  66. — Portable  Trendelenburg  Fixtures,  with  the  Separate  Clamps,  Screws,  and  Pins  Needed 
for  Fastening  it  Securely  to  the  Operating-Table.  The  whole  can  readily  be  packed,  together  with 
the  removable  table  legs,  in  one  of  the  halves  of  the  trunk. 

are  used  for  the  saturated  solutions  of  permanganate  of  potash  and  oxalic  acid. 
The  remaining  one  is  for  the  soap  and  water  used  in  shaving  and  cleaning  the  site 
of  operation.  The  instruments  are  carried  packed  in  the  kettle  and  so  may  be 
boiled  at  once. 

In  order  to  form  a  rigid  table  the  trunk  when  open  is  securely  fastened  in  this 
position  by  a  thumb  screw.  The  legs  after  insertion  may  be  clasped  very  tightly 
by  a  few  turns  of  the  screw  which  regulates  the  size  of  the  opening  in  the  corner 
castings.  The  table  is  usually  covered  with  a  folded  blanket,  mackintosh,  sheet, 
and  a  Kelly  or  Morrison  pad  which  drains  into  a  bucket  on  the  floor.  When  the 
Trendelenburg  is  used  the  trunk  is  protected  by  a  mackintosh  alone,  while  a  pillow 
is  placed  over  the  cross  rod  of  the  Trendelenburg  to  protect  the  patient's  head  and 
shoulders.  The  various  chemicals  necessary  are  carried  in  ordinary  mailing  cases 
so  as  to  avoid  the  danger  of  breakage  when  glass  bottles  are  carried.     We  use  the 
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wooden  cases  with  screw  top  after  carefully  washing  them  and  removing  the 
wadding  and  paraffin.  Sterile  concentrated  salt  solution,  cocaine,  etc.,  are  carried 
in  bottles  in  mailing  cases  and  are  previously  sterilized  by  the  following  process: 
A  cork  is  put  lightly  in  the  bottle  containing  the  solution,  and  the  whole  top  of 
rthe  bottle  and  cork  are  then  covered  with  an  absorbent-cotton  shield  fastened 
around  the  neck  of  the  bottle.  After  sterilization  the  cork  is  pushed  home  through 
the  cotton,  and  the  solution  remains  sterile  indefinitely. 

Various  large-sized  handbags  can  be  kept  on  hand  by  the  surgeon,  and  in 
these  are  packed  the  instruments  together  with  sterilized  and  labelled  packages 
of  sponges,  towels,  gowns,  etc.  The  following  list  may  serve  as  a  guide  in 
packing  such  a  case : 


Towels,  2  packages  of  five  each. 
Gauze,  3  to  4  packages. 
Operating  gowns. 
Tablets  of  sodium  chloride. 
Safety  pins. 

Razor. 

Tablets  of  mercury  bicUoride. 

Ether,  or  chloroform,  and  mask. 

Rubber  gloves. 

Binder  and  bandages. 


Sterilized. 

Sponges,  2  bags  of  twenty-five  each. 
Absorbent  cotton. 
Nail  brushes. 
Infusion  apparatus. 

Unsterilized. 

Green  soap. 

Alcohol. 

Rubber  pad. 

Hypodermic  syringe  and  drugs. 

Rubber  sheet. 
Instruments. 


The  Operation. 

Choice  of  Anoesthetic. — General  anaesthesia  may  be  produced  by  ether,  chloro- 
fonn,  or  nitrous-oxide  gas.  The  introduction  of  the  drop  method  has  rendered 
the  use  of  ether  most  satisfactory,  and  its  far  gi-eater  safety  should  command  its 
general  use.  The  only  instances  in  which  chloroform  can  be  better  substituted 
for  ether  are  in  acute  bronchitis,  and  in  operations  about  the  face  or  mouth  in 
which  the  actual  cauteiy  is  to  be  used,  or  at  night  in  the  vicinity  of  the  gas  flame. 
Nitrous-oxide  gas  is  of  special  service  in  minor  operations  and,  if  it  is  thought  de- 
sirable, as  a  preliminary  to  ether.  With  the  services  of  a  skilled  anaesthetist, 
however,  this  gas  can  be  used  in  operations  lasting  ten  or  twelve  minutes,  al- 
though complete  relaxation  is  difficult  to  secure. 

Local  anaesthesia  by  means  of  cocaine  has  a  rather  limited  field  of  usefulness, 
except  in  palliative  operations  on  desperately  iU  patients,  in  the  removal  of 
goitres,  and  in  minor  surgery. 

The  induction  of  anaesthesia  by  means  of  intradural  injection  of  cocaine 
or  stovain,  and  by  the  hypodermic  administration  of  scopolamine  and  mor- 
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phine,  has  not  been  widely  accepted,  and  the  method,  except,  possibly,  in  certain 
selected  cases,  ofifers  no  ground  for  adoption  over  the  usual  plan  of  administer- 
ing ether. 

The  Care  and  Comfort  of  the  Patient. — ^The  anaesthetized  individual,  while  in- 
sensible to  pain,  is  susceptible  to  injury — a  fact  that  is  too  often  lost  sight  of. 
The  patient  should  be  lifted  and  placed  upon  the  table  with  all  gentleness,  and 
should  then  be  placed  in  as  comfortable  a  position  as  is  compatible  with  the  nature 
of  the  operation.  Special  emphasis  must  be  laid  on  one  point,  and  that  is  to 
support  the  patient's  back  when  he  is  laid  supine  on  a  hard  table.  It  seems 
extraordinary  that  so  little  attention  is  directed  to  this  feature,  when  the  surgeon 
in  his  rounds  day  after  day  finds  the  strongest  men,  when  first  confined  to  bed, 
completely  unnerved  by  a  constant  agonizing  pain  across  the  small  of  the  back, 
while  the  clean-cut  abdominal  wound,  with  its  severed  nerve  tv^^igs,  is  not  even 
mentioned.  It  should  be  remembered  that  general  anaesthesia  causes  complete 
relaxation  of  all  the  voluntary  muscles,  and  that  if  the  dorso-lumbar  curve 
in  the  spinal  column  is  not  supported  the  dead  weight  of  the  corresponding 
part  of  the  body  falls  upon  the  spinal  ligaments,  and  a  severe  strain,  if  not  a 
true  sprain,  results.  This  occurrence  can  be  entirely  obviated  by  placing  a 
pillow,  or  inflated  cushion,  under  this  part  of  the  back,  but  the  writer  finds 
the  most  satisfactory  contrivance  is  a  bag  containing  unground  flaxseed.  The 
smooth  seeds  readily  slip  upon  one  another  and  so  arrange  themselves  as  to 
conform  to  the  part  that  receives  the  pressure. 

Great  care  should  be  taken,  as  to  the  disposition  of  the  arms  and  legs,  that 
they  do  not  fall  over  the  edge  of  the  table  and  so  induce  a  pressure  paralysis. 
Furthermore,  the  anaesthetist  should  realize  that  continuous  or  strenuous 
efforts  in  holding  the  jaw  forward  may  seriously  affect  the  patient's  comfort 
for  several  days  after  the  operation  because  of  tenderness  or  lameness  thus 
caused.  Another  point  that  the  operator  should  have  in  mind  is  to  see  that 
the  assistants  do  not  lean  upon  the  patient's  chest  or  legs.  While  it  seems 
almost  superfluous  to  mention  this  possibility,  yet  it  is  surprising  how  often 
a  thoughtless  assistant  will  rest  his  elbow  or  arms  upon  the  insensible  body 
as  if  it  were  a  part  of  the  table. 

It  is  most  important  to  see  that  the  patient  is  warmly  clad,  because  of  the 
increased  heat  radiation  during  the  period  of  anaesthesia  and  unconsciousness. 
Before  the  patient  is  etherized  the  nightgown  should  be  removed  and  a  thick 
canton  flannel  jacket  put  on.  This  should  fasten  down  the  back,  have  long 
sleeves  and  a  short  waist.  The  legs  and  feet  should  be  encased  in  long  leggins 
made  of  canton  flannel  or  of  pieces  of  old  blankets. 

At  no  time  should  any  portion  of  the  body  be  unnecessarily  exposed,  and, 
what  is  most  important,  the  patient's  body  must  be  kept  dry.  In  cleaning  up  the 
field  of  operation  a  most  pernicious  practice  consists  in  sousing  the  patient  with 
quantities  of  sterile  water  or  bichloride  solution,  with  the  result  that  he  lies  in  a 
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■pool  of  water  during  the  entire  operation.  Operative  technique  ha.s  now  been 
perfected  to  such  an  extent  that  these  seemingly  small  details  may  well  be 
looked  into,  as  they  constitute  a  definite  factor  in  post-operative  mortaUty. 

The  Incision. — The  cutting  of  tissues  must  have  regard  for  the  structures 
severed  and  their  subsequent  power  of  repair.  This  applies  particularly  to 
muscles,  nerves,  and  blood-vessels,  and  entails  the  knowledge  of  function  as  well 
as  of  morpholog}'.  The  needless  cutting  of  parts  should  not  be  engendered  as  a 
habit,  but  on  the  other  hand  the  incision  should  be  sufficiently  ample  to  allow  for 
the  expeditious  examination  and  repair  or  removal  of  diseased  tissues.  If  one 
attempts  to  operate  through  an  incision  that  is  too  small,  valuable  time  and 
tissue  vitality  are  often  sacrificed.  Furthermore,  a  long  clean  incision  will  heal 
more  quickly  than  a  short  one  the  edges  of  which  have  been  pried  apart  with 
retractors  and  otherwise  bruised  and  mishandled. 

H(rmostasis. — The  careful  controlling  of  all  bleeding  points  is  ver}'^  essential 
for  two  reasons:  (1)  to  conserve  every  possible  particle  of  blood  in  the  patient's 
body;  and  (2)  to  keep  clear  the  field  of  operation. 

The  first  point  needs  no  arguments,  but,  as  regards  the  second,  the  time  oc- 
cupied in  tying  off  the  smaller  vessels  is  more  than  made  up  by  the  increased 
facilities  afforded  by  working  in  a  dry  area.  Small  bleeding  points  may  be  easily 
occluded  by  a  temporary  clamp  or  the  pressure  of  an  artery  forceps,  while  the 
larger  vessels  can  be  picked  up  with  forceps  and  Ugatured  with  fine  catgut.  If 
the  actual  bleeding  point  cannot  be  secured  a  mass  ligature  may  be  passed  deep 
into  the  tissues  of  the  part,  but  great  care  should  be  taken  so  as  not  to  include 
the  larger  nerves,  or  ducts,  such  as  the  ureter,  etc.  A  moderate  degree  of  general 
oozing  can  be  controlled  by  temporary  pressure  applied  with  a  gauze  pad,  or  by 
gauze  that  has  been  wi'ung  out  of  very  hot  water,  while  in  other  instances  it  may 
be  necessary  to  sear  the  surface  with  the  actual  cautery.  In  operating  upon 
easily  accessible  parts  as  in  the  nose  and  throat,  where  the  dangers  of  secondary 
hemorrhage  are  not  great,  a  nearly  bloodless  field  can  be  secured  by  the  appli- 
cation of  adrenalin  chloride  in  salt  solution  in  strengths  of  from  1  :  1,000  to 
1  :  10,000,  supplemented  if  advisable  by  cocaine. 

The  temporary  occlusion  of  the  larger  vessels,  as  in  operations  upon  ex- 
tremities, is  best  secured  by  the  pressure  of  a  tourniquet.  The  limb  should  first 
be  well  elevated,  or  else  bandaged,  so  as  to  drive  out  as  much  of  the  contained 
blood  as  possible,  then  the  pressure  is  made  at  a  point  well  above  the  operative 
site.  Care  should  be  enjoined  in  the  application  of  a  tourniquet,  as  the  amount  of 
pressure  necessary  is  that  which  is  just  sufficient  to  obliterate  the  pulse  in  a  distal 
arteiy.  A  strong-armed  assistant  may  seriously  affect  the  more  delicate  struct- 
ures of  a  part  and  the  nerve  trunks  by  the  needless  tightening  of  the  elastic  band, 
and  for  this  reason,  too,  it  is  well  first  to  wrap  a  towel  about  the  limb  and  then 
apply  the  tourniquet  over  this.  If  the  operation  is  to  be  done  very  near  the 
junction  of  the  limb  with  the  body,  as  in  amputation  at  the  hip  joint,  the  elastic 
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bandage  may  be  prevented  from  slipping  off  by  first  passing  through  the  soft 
tissues  two  Wyeth's  pins  or  skewers  and  applying  the  constricting  bandage 
above  these. 

The  survey,  or  careful  examination  of  the  operative  area,  should  be  made  as 
soon  as  the  abdomen  is  opened.  This  should  not  be  confined  to  one  suspected 
area,  but  should  include,  if  requisite  and  feasible,  a  general  survey  of  the  whole 
cavity.  This  examination,  however,  should  be  done  as  rapidly  as  possible  and 
with  the  greatest  care  and  gentleness,  because  it  is  quite  impossible  to  prevent 
bruising  the  delicate  mesothelial  layer  of  the  peritoneal  coverings  of  the  viscera. 
Needless  handling  of  the  tissues  cannot  be  too  strongly  condemned,  but  the 
success  of  the  operative  procedure  may  depend  upon  finding  a  primary  focus  of 
the  disease,  or  an  accessory  condition. 

The  isolation  of  the  operative  field  is  of  the  utmost  importance  in  all  cases  where 
a  septic  focus  is  to  be  incised  or  extirpated,  while  in  every  case  it  facilitates  and 
expedites  the  manipulative  procedures.  This  packing  off  is  best  accomplished 
by  the  use  of  large  Mikulicz  pads.  These  should  first  be  wrung  out  in  warm 
sterile  salt  solution.  These  gauze  pads  may  be  simply  used  to  push  back  the 
coils  of  intestine,  or  may  surround  the  operative  area  on  all  sides  as  a  barrier. 

Operative  work  in  the  pelvis  is  much  facilitated  by  placing  the  patient  in  the 
Trendelenburg  posture  by  which  the  intestines  are  made  to  gravitate  toward 
the  diaphragm.  This  posture  may  be  capable  of  causing  harm,  however,  in  oper- 
ating upon  infected  areas  in  the  pelvis,  because  some  of  the  contaminated  fluid 
may  escape  upward  among  the  coils  of  intestines.  As  the  peritoneum  of  the  lower 
abdominal  zone  has  been  proved  to  have  a  lesser  absorptive  power  than  that 
in  the  upper  zone,  every  effort  should  be  made  to  favor  drainage  downward  and  to 
keep  the  infection  strictly  localized.  In  operating  upon  elderly  individuals  with 
weakened  arterial  walls  the  Trendelenburg  posture  may  be  a  factor  in  induc- 
ing a  cerebral  hemorrhage.  Such  an  accident  may  explain  a  rare  group  of 
cases  in  which,  under  these  circumstances,  the  patient  never  rallies  from  the 
anaesthetic. 

In  operations  on  the  breast  and  shoulders  the  close  proximity  of  the  patient's 
head,  anaesthetizing  apparatus,  etc.,  increases  the  danger  of  contamination  of  the 
field.  This  can  be  obviated  by  fastening  a  barrel-hoop  or  a  specially  bent  metal 
rod,  with  either  end  on  each  side  of  the  table,  at  a  level  with  the  patient's  neck. 
Over  this  is  draped  a  sterile  sheet  so  as  to  form  a  complete  barrier  between  the 
anaesthetist  and  the  head  and  the  rest  of  the  body  of  the  patient. 

The  arrangement  of  the  instrument  tables  and  those  for  the  dressings,  etc., 
may  vary  to  suit  the  convenience  of  the  operator.  These  tables  should  be  covered 
with  sterile  sheets,  and  the  instruments  arranged  in  shallow  sterile  pans  or  trays, 
or  spread  lipon  sterile  towels.  If  it  is  preferred  to  keep  any  of  the  instruments  in 
a  carbolic-acid  solution  they  must  be  rinsed  off  in  sterile  water  or  salt  solution 
before  commg  in  contact  with  delicate  tissues. 
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Post-Operative  Treatment. 

The  most  brilliant  achievement  at  the  operating-table  may  pass  for  naught 
because  of  ignorance  or  oversight  on  the  part  of  those  to  whom  the  busy  surgeon 
is  too  often  compelled  to  entrust  the  post-operative  treatment.  WTiile  much 
has  been  learned  concerning  the  successful  handhng  of  patients  in  the  first  few 
days  following  operation,  yet  a  great  many  facts  have  had  to  be  unlearned,  and 
this  applies  particularly  to  the  routine  administration  of  cathartics  and  stimu- 
lants. The  comfort,  as  weU  as  the  safety,  of  the  patient  is  very  much  modified 
by  the  manner  in  which  the  post-operative  treatment  is  applied.  In  addition, 
during  the  period  immediately  following  operation  unlooked-for  complications 
may  arise  that  may  seriously  modify  or  even  jeopardize  an  otherwise  favorable 
course,  and  in  such  instances  it  is  the  very  prompt  recognition  of  post-operative 
conditions  that  often  saves  life.  Post-operative  treatment,  then,  may  be  divided 
into:  (1)  The  treatment  of  uncomplicated  cases;  and  (2)  the  treatment  of  various 
complications  and  sequelae  that  may  occur. 

The  patient,  immediately  after  operation,  should  be  carried  to  a  quiet,  darkened 
room  and  placed  in  bed.  Before  the  patient  leaves  the  operating-room  the  ether- 
jacket,  leggins,  etc.,  should  be  removed  and  the  body  thoroughly  dried.  A  clean 
gown  is  now  put  on  and  the  whole  body  well  covered  with  blankets.  If  every  care 
is  taken  to  see  that  the  body  is  well  dried  and  well  protected  it  is  found  that  two 
of  the  most  serious  post-operative  complications — shock  and  pneumonia — are  far 
less  commonly  encountered.  It  should  be  thoroughly  impressed  on  the  surgical 
staff  that  the  most  common  cause  of  these  two  serious  conditions  is  the  failure 
properly  to  protect  the  patient  during  the  passage  from  the  operating-room 
to  the  ward  via  corridors,  elevators,  etc.,  while  the  patient  is  damp  with 
sweat  and  only  half  clothed. 

After  the  patient  is  placed  in  the  bed  he  should  be  covered  with  warm  blankets 
and  hot-water  bottles  applied,  or  the  bed  may  have  been  well  warmed  by  the 
hot  bottles  just  removed.  If  the  bottles  are  applied  they  should  first  be  well 
protected  with  flannel  covers,  as  the  insensible  body  may  be  very  easily  burned 
by  contact,  and  such  compUcation  may  confine  the  patient  to  bed  for  a  much 
longer  time  than  that  required  for  thorough  healing  of  the  operation  wound. 
A  responsible  nurse  should  remain  constantly  in  attendance  until  conscious- 
ness is  fully  restored,  for  the  purpose  of  preventing  any  accidents  in  the  semi- 
conscious period. 

It  is  very  desirable  to  relieve  as  expeditiously  as  possible  the  nausea  and 
vomiting  that  may  occur.  To  this  end  the  practice  obtains  in  some  clinics  of 
trying  to  keep  the  stomach  at  rest  by  withholding  ever\i:hing  by  mouth  and  ex- 
hibiting very  small  doses  of  morphine.  Such  a  practice,  however,  has  a  tendency 
to  retard  elimination  in  general  and  rather  serves  to  protract  the  period  of 
nausea.     In  any  large  series  of  cases  it  can  be  readily  demonstrated  that  a  far 


152  AMERICAN  PRACTICE  OF  SURGERY. 

better  practice  consists  in  the  free  administration  of  hot  water  which  is  given  by 
mouth  in  sips  or  perhaps  in  such  amounts  as  the  patient  may  desire.  This 
course  often  induces  one  or  two  spells  of  vomiting,  but  at  the  same  time  the 
stomach  is  being  washed  out  and  the  nausea  subsides  very  quickly  as  a  rule. 
An  exception  to  this  practice  should  be  taken  in  operative  work  on  the  stomach 
and  in  cases  of  peritonitis,  as  everything  must  be  done  in  these  instances  to 
quiet  peristalsis.  The  water  by  mouth  is  further  supplemented  by  small  quan- 
tities of  salt  solution,  200  to  300  c.c,  per  rectum  every  four  hours.  The  free 
administration  of  water  not  only  hastens  the  elimination  of  the  ether,  but  also 
supplies  fluid  for  active  kidney  work  and  militates  against  the  occurrence 
of  shock. 

Nourishment  of  all  forms  may  be  withheld  for  thirty-six  to  forty-eight  hours 
until  the  digestive  organs  have  regained  their  tone.  At  this  time  it  is  well  to 
start  with  fresh  milk  and  lime  water,  butter-milk,  or  perhaps  lager  beer,  each 
of  which  is  particularly  well  borne  as  a  rule,  but  albumin  water  flavored  with 
fruit  juice  or  sherry,  or  tea  and  coffee,  may  be  more  acceptable.  This  list  of 
liquid  foods  may  be  quickly  extended  and  the  patient  will  begin  to  eat  solid 
food  on  the  fifth  to  the  seventh  day  according  to  his  progress  and  the  nature  of 
the  operation. 

Meddlesome  after-treatment  cannot  be  too  strongly  condemned,  and  this  is 
characterized  by  the  routine  administration  of  cathartics,  stimulants,  and  various 
pain-killers  and  sleeping  potions.  These  points  should  be  carefully  followed  by 
the  operator,  for  there  is  an  enormous  capability  of  harm  in  the  over-energetic 
house  doctor  who  has  a  symptomatic  remedy  for  every  condition. 

Early  purgation  after  abdominal  operations  is  in  most  cases  not  only  un- 
necessary but  also  decidedly  pernicious  for  the  following  reasons:  in  the  first 
place  the  alimentary  tract  has  been  thoroughly  cleaned  prior  to  operation,  while 
the  patient  is  not  at  this  period  ingesting  food.  What  is  far  more  important, 
however,  is  the  fact  that  purgative  drugs  at  this  period  may  serve  to  produce 
an  artificial  condition  simulating  an  acute  obstruction.  This  is  explained  by 
the  fact  that  the  handling  of  the  intestines,  it  matters  not  how  gently,  is  apt 
to  induce  adynamic  paralysis  coming  on  about  six  hours  after  operation  and 
lasting  for  from  thirty  to  forty  hours.  Now  if  purgative  drugs  are  administered 
peristalsis  is  set  up  in  the  proximal  portion  of  the  gut  which  is  at  once  blocked  in 
the  paralyzed  area.  The  result  is  abdominal  distention  associated  with  cramp- 
like pains,  nausea,  and  vomiting.  No  possible  harm  can  be  apprehended  simply 
because  the  bowels  do  not  promptly  move  after  operation,  except,  of  course,  in 
the  event  of  a  real  obstruction,  and  this  complication  demands  radical  treatment 
and  not  palliative  attempts  with  cathartics. 

Routine  stimulation  with  drugs  is  a  practice  mentioned  only  to  be  condemned. 
Cases  will  arise,  of  course,  in  which  appropriate  stimulation  is  absolutely  essential, 
but  these  require  most  deliberate  consideration  lest  such  a  condition  as  surgical 
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shock,  which  in  itself  is  an  overstimulation,  be  seriously  aggravated.     In  urinary 

ippression,  too,  of  what  avail  is  the  unbalanced  attempt  at  securing  diuresis  by 

the  exhibition  of  sparteine,  when  the  most  efficient  of  all  diuretics — water — is 

?ing  withheld?     How  frequently  is  caffeine  administered  three  or  four  times 

luring  the  day,  after  which  the  doctor  is  surprisetl  at  the  sleepless  night  that 

Ifollows?    When  a  stimulant  is  really  needed  the  most  reliance  can  be  placed  in 

)hysiological  salt  solution  given  by  rectum,  under  the  skin,  or  intravenously. 

The  use  of  this  valuable  agent  has  marked  an  era  in  things  surgical  that  with 

)roper  utilization  ranks  high  in  the  scale  of  therapeutic  attainment.     The  in- 

iiscriminate  employment  of  salt  water,  however,  may  be  provocative  of  harm. 

5uch  is  the  case  in  pneumonia,  congestion  of  the  lungs,  and  whenever  there  is 

idication  that  the  right  side  of  the  heart  is  embarrassed.     This  danger  is  more 

larked  in  introducing  salt  solution  directly  into  a  vein,  because  when  given  by 

)wel  or  under  the  skin  Nature  is  granted  the  privilege  of  indicating  when  she 

has  had  enough  and  refusing  to  take  more,  whereas  by  the  transfusion  method 

an  overworked  heart  may  be  quickly  impaired  by  the  abnormal  increase  in  the 

volume  of  the  blood.     The  intravenous  infusion  is  of  especial  value  in  cases    of 

acute  shock  and  of  marked  hemorrhage  and  in  conditions  associated  with  low 

pulse  tension. 

Complications. 

Excessive  Vomiting. — In  occasional  instances  nausea  and  vomiting  following 
the  anaesthetic  do  not  promptly  cease,  but  become  so  aggravated  as  seriously  to 
jeopardize  the  patient's  welfare.  In  this  regard  it  is  interesting  to  note  that 
ether  causes  nausea  and  vomiting  more  frequently  than  chloroform,  but  more 
cases  of  protracted  and  dangerous  vomiting  are  met  with  after  chloroform  than 
after  ether.  In  most  cases  excessive  vomiting  seems  to  depend  upon  a  special 
idiosyncrasy. 

The  treatment  may  present  decided  difficulties.  Proper  preparatory  treat- 
ment may  act  as  a  prophylactic  against  vomiting  in  general,  but  these 
severe  cases  occur  in  spite  of  it.  The  most  valuable  procedure  is  repeated  lavage 
of  the  stomach  with  hot  water,  the  stomach  tube  bemg  used  for  this  purpose 
if  necessary.  Sodium  bromide  in  large  doses  by  rectum  may  act  very  bene- 
ficially. If  it  is  possible  to  retain  an}i;hing  on  the  stomach  for  a  period,  a  very 
useful  remedy  is  a  tablet  containing  gr.  ii.  each  of  cerium  oxalate  and  bismuth 
subnitrate  with  t  2  of  a  grain  of  cocaine.  If  these  measures  fail  it  will  be  neces- 
sary to  resort  to  morphine  hypodermically. 

Post-Operative  Hcvmatemesis. — This  is  a  rather  infrequent  complication  which 
may  follow  upon  any  operative  procedm-e  in  the  abdomen,  although  it  is  more 
commonly  noted  after  manipulation  of  the  stomach,  duodenum,  or  bile  passages. 
The  haematemesis  begins  as  a  rule  within  twenty-four  hours  after  operation,  but 
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may  not  occur  for  several  days.     The  condition  is  characterized  by  the  frequent 
vomiting  of  small  amounts  of  altered  blood  and  is  usually  independent  of  the' 
nausea  and  vomiting  due  to  the  anaesthetic.    The  blood  shows  evidence  of  having 
been  acted  upon  by  the  stomach  juices  and  has  the  characteristic  "  coffee-ground  " 
appearance.     The  vomitus  is  very  acrid  in  nature  and  may  burn  the  patient's 
lips  and  chin.    An  initial  period  of  alertness  and  anxiet)^  soon  gives  way  to  apathy 
and  it  is  readily  seen  that  the  patient  is  very  much  depressed.     The  temperature] 
is  often  subnormal,  the  pulse  small  and  weak  and  of  increased  frequency,  the: 
skin  is  moist  with  a  dusky  appearance,  and,  if  the  condition  is  not  quickly  relieved, 
pronounced  symptoms  of  collapse  quickly  supervene. 

The  etiology  of  post-operative  haematemesis  is  not  definitely  known.     The 
pronounced  general  symptoms  are  not  easy  to  explain  by  the  various  hypotheses  j 
that  have  been  adduced.     The  writer  believes  with  von  Eiselberg  that  injury 
to  the  omentum  with  thrombosis  of  its  vessels  may  lead  to  infarction  of  the  vessels 
in  the  walls  of  the  stomach,  but  that  this  does  not  explain  all.     It  is  therefore' 
suggested  that  the  symptoms  depend  more  upon  an  involvement  of  the  sympa- 
thetic nerve  plexuses  and  ganglia,  secondary  to  circulatory  disturbances  result- 
ing from  traumatism.     In  accordance  with  this  view  is  the  opinion  of  Mayo 
Robson,  who  speaks  of  the  condition  as  being  in  a  general  way  dependent  on ' 
"a  reflex  nervous  influence."    Sepsis  does -not  appear  to  be  a  prominent  factor, 
nor  can  the  anaesthetic  be  held  responsible,  as  the  condition  has  been  observed 
following  operations  done  under  cocaine. 

The  treatment  cannot  be  rationally  formulated  in  the  absence  of  the  known 
cause  of  the  condition.  The  patient  should  be  kept  absolutely  at  rest,  and  this 
is  best  secured  by  small  doses  of  morphine.  Adrenalin  is  probably  one  of  the 
most  useful  drugs  in  this  condition  and  should  be  given  in  ten-minim  doses  of 
the  standard  1 : 1,000  solution  of  adrenalin  chloride  by  mouth  every  half-hour. 
If  the  patient  is  not  profoundh^  shocked,  much  relief  may  be  obtained  by  gas- 
tric lavage,  while  if  collapse  is  imminent  an  intravenous  infusion  of  salt  solu- 
tion should  be  given,  and  it  may  be  well  to  add  to  this  a  1  :  1,000  solution  of 
adrenalin  chloride  in  the  proportion  of  two  drachms  to  the  pint  of  salt  water. 
.  Acute  Gastric  Dilatation. — One  of  the  most  serious  post-operative  complica- 
tions is  acute  dilatation  of  the  stomach.  Fortunately,  it  is  comparatively  rarely 
encountered,  but  when  present  demands  immediate  and  energetic  treatment. 
The  onset  is  acute,  about  twenty-four  to  forty-eight  hours  after  operation.  The 
most  characteristic  symptoms  are  the  vomiting  of  very  large  amounts  of  brownish, 
greenish,  or  black  fluid,  and  abdominal  distention.  Associated  with  these  symp-^ 
toms  there  are  great  thirst,  subnormal  temperature,  and  a  cold  and  clammy  skin, 
all  of  which  go  to  make  up  a  picture  similar  to  that  of  impending  collapse  in  peri- 
tonitis. The  diagnosis  can  be  made  at  once  with  the  stomach  tube,  which  seems 
almost  to  become  lost  in  the  enormously  distended  viscus,  while  it  allows  the 
escape  of  much  gas  and  of  very  large  quantities  of  the  characteristic  fluid.   Fur- 
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lermore,  the  abdominal  distention  is  chiefly  confined  to  the  upper  half  of  the 
ibdomen  and  a  succussion  splash  may  be  easily  elicited. 

The  cause  of  the  condition  seems  to  be  a  motor  paresis  of  the  musculature  of 

le  stomach,  associated  with  marked  hypersecretion  and  possibly  regurgitation 

fluid  from  the  upper  intestinal  tract,  although  the  vomitus  does  not  become 

julent.     It  is  most  probable  that  this  depends  on  a  local  disturbance  of 

lervation,  but  it  may  be  an  expression  of  general  toxaemia. 

The  treatment  is  prompt  and  repeated  washing  out  of  the  stomach,  wliich 

lay  be  supplemented,  if  deemed  advisable,  by  the  administration  of  strychnine 

id  ergot.     It  must  be  emphasized  that  this  is  a  serious  condition  and  that  the 

fe  of  the  patient  depends  upon  its  prompt  recognition  and  energetic  treatment. 

le  lavage  should  be  continued  until  the  fluid  returns  clear,  and  should  be  re- 

?ated  every  hour  or  ofteher  as  long  as  the  condition  persists.     Hot  turpentine 

tupes  should  be  frequently  applied  and  a  tight  abdominal  binder  kept  in  position. 

faradic  current  may  be  used  over  the  epigastrium,  but,  if  the  stomach  condition 

simply  an  expression  of  a  general  toxaemia,  appropriate  measures  should  be 

employed  to  secure  elimination,  etc. 

Abdominal  Distention. — The  formation  of  an  excessive  amount  of  gas  in  the 
intestines  is  a  serious  menace  to  the  welfare  of  the  patient  and  may  jeopardize 
the  integrity  of  any  suture  work  that  may  have  been  applied  to  the  intestinal 
tract,  while  it  may  cause  the  parietal  incision  to  break  open.  If  mechanical 
obstruction  of  the  bowel  and  acute  gastric  dilatation  be  excluded,  the  two 
commonest  causes  of  this  condition  are  toxaemia  and  the  unwise  employment  of 
early  purgation,  as  fully  explained  above. 

To  relieve  the  state  of  affairs  a  rectal  tube  should  be  passed  for  a  distance  of 
eighteen  inches  up  into  the  large  bowel, — a  procedure  which  may  at  once  prove 
effective  by  allowing  the  escape  of  much  flatus.  In  order  to  prevent  kinking  of 
the  tube  it  is  well  to  attach  it  to  a  fountain  syringe  so  that  the  colunm  of  fluid 
may  distend  the  bowel  in  front  of  the  tube  and  so  facilitate  the  introduction  of 
the  latter.  If  the  rectal  tube  alone  does  not  suffice  an  enema  containing  turpen- 
tine, 3  ii.  to  iv,  to  the  quart,  may  be  tried,  and  turpentine  should  be  also  applied 
externally  in  the  form  of  hot  stupes.  Magnesium  sulphate  and  glycerin  are  also 
valuable  adjimcts  in  the  enema.  In  obstinate  cases  very  striking  results  are  some- 
times obtained  by  the  faradic  current  so  applied  that  one  pole  is  introduced  through 
the  tube  into  the  bowel  filled  with  water.  The  use  of  eserin  salicylate  had  been 
advocated  in  doses  of  to  to  to  of  a  grain  given  hypodermically.  This  drug  is  a 
direct  stimulant  to  unstriped  muscle  fibres  and  theoretically  is  useful,  although 
its  employment  in  tympanites  has  not  given  unifoiTnly  satisfactory  results,  while 
it  may  act  as  a  dangerous  depressant  to  the  central  nervous  system. 

Intestinal  Obstruction,  or  ileus,  occurs  only  rarely  after  intra-abdominal 
operations.  It  may  be  di\'ided  into  two  groups:  (1)  Strangulation  ileus,  in 
which,  in  addition  to  the  obstruction  to  the  lumen  of  the  intestine,  there  is 
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interference  with  the  mesenteric  blood  supply;  and  (2)  obturation  ileus,  in 
which  the  blood  supply  of  the  obstructed  portions  of  the  gut  is  not  disturbed. 
The  first  group  gives  rise  to  very  acute  symptoms,  as  intense  pain,  primary  reflex 
vomiting,  and  shock.  The  later  symptoms  are  distention  and  secondary  vomiting 
which  is  fsDcal  in  character.  In  obturation  ileus,  however,  the  symptoms  may 
be  obscure  at  first,  and  it  is  fortunate  that  the  patient  may  survive  for  a  longer 
period  from  the  onset  of  symptoms  to  the  time  of  operative  reUef.  Pain  at 
first  is  general  and  not  very  acute,  and  the  diagnosis  cannot  be  made  as  a  rule  until 
visible  peristalsis,  distention,  and  vomiting  complete  the  picture.  It  should  be 
remembered  that  visible  peristalsis  occurs  only  early  in  the  obstruction,  and  that 
in  a  certain  proportion  of  cases  it  cannot  be  demonstrated  after  distention  super- 
venes, because  there  is  usually  complete  paralysis  of  the  intestine.  Examination 
of  the  abdomen  shows  it  to  be  held  somewhat  rigidly,  but  there  is  little,  if  any, 
localized  tenderness.  An  enema  gives  no  relief,  and  if  the  lower  bowel  is  cleansed 
out  with  one  enema,  a  succeeding  one  comes  away  clear.  A  valuable  sign  in 
early  obstruction,  and  one  upon  which  Bloodgood  lays  emphasis,  is  a  high 
leucocyte  count,  from  20,000  to  35,000. 

The  treatment  is  eminently  surgical,  although  in  rare  cases  it  may  be  possible 
to  obtain  results  from  gentle  massage,  from  distention  of  the  large  intestine  with 
water  when  the  obstruction  is  located  in  that  portion  of  the  gut,  or  by  the 
administration  of  large  doses  of  atropine  to  relax  spasm  of  the  intestinal  walls. 
Guarded  attempts  at  catharsis  are  recommended  by  some  writers,  but  they  gen- 
erally serve  to  aggravate  the  condition.  If  the  diagnosis,  however,  has  not  been 
made  very  early,  any  conservative  line  of  treatment  should  be  absolutely  disre- 
garded and  the  abdomen  at  once  opened.  Morphine  should  not  be  given  for 
pain  unless  operation  has  been  decided  upon. 

Peritonitis. — Through  modern  aseptic  measures  and  skilful  surgery  this 
grave  complication  of  abdominal  operations  has  been  largely  done  away  with. 
However,  in  certain  acute  cases,  where  the  preparation  of  the  patient's  alimentary 
tract  is  an  impossibility,  or  where  operations  upon  the  alimentary  tract  are  under- 
taken, peritonitis  will  sometimes  arise  in  the  practice  of  even  the  most  skilful. 
Experiments  upon  animals  have  been  undertaken  with  the  purpose  of  elaborating 
a  method  by  which  the  resistance  of  the  peritoneum  might  be  increased  through 
increasing  the  phagocytic  power  of  the  blood,  but  up  to  the  present  time  no  satis- 
factory or  practical  method  has  been  devised. 

After  an  abdominal  operation,  if  peritonitis  sets  in,  the  pain  instead  of  sub- 
siding grows  worse;  the  abdomen  becomes  distended  and  tympanitic ;  vomiting 
and  nausea  persist;  the  pulse  gradually  increases  out  of  proportion  to  the  temper- 
ature. The  patient  looks  anxious  and  careworn,  the  skin  is  cold  and  clammy, 
and  the  approach  of  collapse  is  evident.  At  this  time  the  pulse  rate  and  its  re- 
lation to  the  temperature  are  matters  of  great  diagnostic  importance.  Should 
the  pulse  remain  above  120  and  the  temperature  continue  to  fall,  the  prognosis 
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^Bb  most  serious.  The  patient  lies  upon  his  back  with  legs  flexed  upon  the  thiglis 
^Bi  order  to  relax  the  muscles  of  the  abdomen.  The  vomited  matter  at  fii-st 
^Bonsists  of  clear  fluid,  but  later  becomes  of  a  dark  color  and  is  brought  up  in 
gieat  quantities.  The  tongue  is  dry  and  coated  and  there  may  be  persistent 
hiccoughing  in  the  intervals  between  vomiting.  These  patients  may  say  that 
they  are  feeling  well,  but  are  very  thirsty;  or,  in  some  instances,  half  an  hour 
before  death,  they  may  express  themselves  as  feeling   "fine"   and   ask   for 

toiu^ishment. 
As  to  treatment,  some  authorities  advise  purgation,  but  the  writer  is  of  the 
pinion  that  when  the  bowels  can  be  made  to  move  freely,  it  indicates  that  the 
infection  is  mild  or  localized  and  recover^'  could  be  counted  on  as  surely  without 
purgation  as  with  it.  Furthermore,  peristalsis  simply  favors  the  spread  of  the 
infectious  material  and  so  may  defeat  any  attempt  on  the  part  of  nature  to  wall 
off  the  infection.  If  there  is  leakage,  the  abdomen  must  be  opened  up,  the  jx)int 
of  leakage  found  and  repaired,  and  drainage  established.  Elevation  of  the  head 
of  the  bed,  or  "  Fowler's  position,"  is  of  prime  importance  in  cases  of  peritonitis, 
since  it  lessens  the  absorption  of  toxic  material,  owing  to  the  fact  that  the 
diaphragmatic  portion  of  the  cavity  possesses  much  more  absorptive  power 
than  the  pelvic  peritoneum.  AMiile  this  simple  postural  procedure  marks  one 
of  the  greatest  advances  in  the  treatment  of  peritonitis,  it  should  not  be  reUed 
ujDon  to  the  exclusion  of  other  methods,  but  should  be  employed  rather  in 
conjunction  with  them.  Free  incision,  flushing  with  abundance  of  hot  salt 
water,  and  the  insertion  of  suitable  tube  drainage  are  measures  of  almost 
equal  importance.  Drainage  should  be  at  the  lowest  portion  of  the  pehis 
as  well  as  at  the  site  of  the  operative  incision.  It  may  be  well  to  make  an  open- 
ing from  the  cul-de-sac  into  the  vagina.  A  Murphy's  tube  should  be  introduced 
into  the  rectum  and  normal  saline  allowed  to  trickle  continuously  into  the  gut. 
All  food  and  liquid  by  mouth  should  be  stopped,  and  if  some  nourishment  is 
imperative  it  may  be  introduced  with  the  saline  per  rectum.  The  operation 
for  drainage  should  be  rapidly  performed  and  the  tube  flrains  be  allowed 
to  remain  in  place  according  to  the  judgment  of  the  surgeon,  and  the  removal 
should  be  cautious  and  gradual. 

Surgical  SJwck. — For  a  complete  resume  on  the  etiolog}',  symptomatology, 
and  treatment  of  this  condition  the  reader  is  referred  to  the  article  in  volume  I. 

Pneumonia. — Post-operative  pneumonia  may  be  either  a  true  lobar  pneumo- 
nia or  a  broncho-pneumonia,  more  frequently  the  latter.  This  dreaded  compli- 
cation is  certainly  of  less  common  occurrence  at  the  present  \mting  than  it  was 
ten  years  ago,  although  its  exact  relation  to  the  operative  procedure  is  still  ob- 
scure. The  aniP.sthetic  alone  cannot  be  held  responsible  as  the  predisposing 
agent,  for  it  has  been  definitely  demonstrated  that  pneumonia  occurs  in  about 
the  same  proportion  of  instances  in  which  the  operations  have  been  performed 
imder  local  anaesthesia.     It  has  been  plausibly  suggested  that  the  voluntarj' 
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immobilization  of  the  abdominal  muscles  after  coeliotomy  prevents  the  patient 
from  correctly  expanding  the  chest  and  hinders  the  act  of  coughing,  so  that 
if  he  already  has  a  low-grade  infection,  as  represented  by  a  subacute  bronchitis, 
.the  retention  of  infected  secretions  may  excite  a  spread  of  the  infection  from 
the  tubes  into  the  lung  tissue  proper. 

The  fact  that  pneumonia  so  much  more  commonly  follows  operations  about 
the  mouth  and  air  passages  shows  that  in  many  instances  it  is  really  an  aspiration 
pneumonia.  For  this  reason  in  general  operations  the  condition  of  the  mouth 
may  be  a  factor,  and  for  the  same  reason  a  fresh  gauze  inhaler  should  be  used 
for  each  patient. 

Attention  has  already  been  called  to  the  liability  of  pneumonia  following 
upon  chilling  of  the  patient's  body  during  and  after  operation.  This  factor  may 
be  the  most  important  of  all  in  the  etiology  of  post-operative  pneumonia,  and 
the  surgeon  will  do  well  to  make  sure  that  the  younger  house  men  use  every 
precaution  in  this  respect. 

The  treatment  of  post-operative  pneumonia  is  the  same  as  that  generally 
employed  on  the  medical  side. 

Retention  of  Urine. — The  inability  of  the  patient  to  empty  the  bladder  may 
be  due  to  several  causes.  The  unaccustomed  dorsal  position  often  makes  it 
difficult  to  void  urine,  while  in  other  cases  the  most  potent  factor  seems  to  be  a 
nervousness.  Retention  is  most  commonly  observed  after  operations  in  the  pelvis 
or  about  the  perineum,  and  is  then  associated  with  traumatism  of  the  parts.  It 
is  particularly  apt  to  occur  following  operations  for  hemorrhoids  and  then  seems 
to  be  reflex  in  nature.  Semiconscious  patients,  or  those  profoundly  shocked, 
should  be  inspected  regularly  to  avoid  undue  distention  of  the  bladder. 

In  the  treatment  of  retention  simple  measures  will  usually  suffice  if  persisted 
in.  Stupes  wrung  out  in  very  hot  water  and  applied  as  hot  as  can  be  borne  just 
above  the  bladder  usually  cause  relaxation.  Or  one  may  try  a  hot  perineal  or 
vaginal  douche.  In  especially  neurotic  individuals  excellent  results  may  be  ob- 
tained by  administering  a  very  large  enema  of  hot  water  if  there  is  no  contra- 
indication to  such  a  procedure.  The  bladder  will  usually  be  emptied  during 
the  expulsion  of  the  enema.  If  these  measures  fail  catheterization  must  be 
resorted  to  in  order  to  avoid  paralysis  and  over-distention  of  the  bladder. 

It  should  be  understood  that  the  employment  of  the  catheter  involves  con- 
siderable responsibility,  and  it  is  essential  that  the  use  of  this  instrument  should 
be  confined  to  the  doctor  or  to  nurses  who  have  been  thoroughly  instructed 
as  to  the  great  importance  of  maintaining  strict  asepsis.  The  catheter  should 
not  only  be  sterile,  but  the  parts  must  be  carefully  cleansed.  In  spite  of  all 
precautions  in  these  respects  a  certain  proportion  of  infections  do  occur  and 
it  is  an  excellent  routine  practice  always  to  administer  a  urinary  disinfectant, 
as  urotropin,  by  mouth  in  every  case  in  which  an  instrument  is  introduced  into 
the  bladder  or  urethra,  and  this  may  be  supplemented  by  bladder  irrigations 
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^H  Suppression  of  Urine. — This  complication  is  rarely  encountered  if  a  point  is 
made  of  freely  administering  water  to  the  patient  both  before  and  after  operation. 
Anuria  occurs  most  frequently  following  operation  upon  the  kidney,  after  which 
the  other  kidney  may  be  reflexly  affected.  The  condition  also  arises,  of  course, 
when  there  is  an  anatomical  anomaly  and  the  only  kidney  present  is  removed. 

^^Bb  acute  nephritis  may  develop  and  be  responsible  for  the  condition.     In  the 

^wthor's  experience  suppression  of  urine  is  more  frequently  encountered  fol- 
lowing the  use  of  chloroform  as  the  ana?sthetic  than  when  ether  is  em- 
ployed, and  such  anuria,  being  associated  with  an  acutely  developing  fatty 
degeneration  of  the  kidneys,  is  thought  to  be  due  to  the  toxic  action  of  the 
chloroform. 

The  treatment  of  suppression  of  the  renal  secretions  consists  in  the  introduc- 
tion into  the  body  of  large  quantities  of  physiological  salt  solution  by  the  bowel, 
tissues,  and  veins;  counterirritation  over  the  kidneys  by  either  dry  or  wet  cups; 
and  promoting  excretion  by  the  bowels  and  skin.  The  bowels  should  be  made 
to  act  promptly  and  effectively  by  administering  elaterium  in  doses  of  j  to  J  of  a 
grain,  or  by  giving  jalap,  best  in  the  form  of  the  compound  jalap  powder,  gr,  xxx. 
to  gr.  Ix.,  which  has  also  a  diuretic  action  due  to  the  combination  with  potassium 
bitartrate.  The  patient  should  be  placed  in  a  hot  pack  every  three  hours,  or, 
if  the  condition  will  permit,  a  sweat  bath  by  means  of  superheated  dry  air  may  be 
given  twice  a  day.  All  diuretics,  with  the  exception  of  water,  should  be  guard- 
edly used  and  the  diuretic  salts,  as  potassium  citrate  or  acetate,  are  safer  than 
the  more  stimulant  diuretics. 

Cystitis. — Infection  of  the  bladder  together  with  the  genito-urinary  apparatus 
occurs  most  frequentlj^  after  operation  upon  or  instrumentation  of  some  part 
of  the  tract.  The  condition  is  usually  called  attention  to  promptly  by  the 
patient  because  of  the  frequent  desire  to  micturate,  associated  with  burning  or 
tenesmus.  But  these  symptoms  may  be  slight,  and  whenever  an  unexplained 
elevation  of  temperature  occurs  during  the  convalescent  period  the  m-ine  should 
be  at  once  examined. 

Treatment  should  be  instituted  promptly.  The  giving  of  water  by  the 
mouth  should  be  forced,  and  a  urinary  disinfectant  administered.  Bladder 
irrigations  with  solutions  of  permanganate  of  potash,  boric  acid,  mercury 
bichloride,  or  argyrol  may  be  used.  The  pain  and  tenesmus  may  be  reUeved 
by  a  suppositoiy  containing  opium,  codeine,  or  hyoscyamus,  or  the  following 
useful  formula  may  be  given  by  the  mouth : 

J},  Potass,  acetatis ..5  i. 

Tinct.  hyoscyami 3   vi. 

Aqua; q.  s.  ad  3   iij. 

M.     S.   One  teaspoonful  three  or  four  times  a  day. 
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Heart  Complications. — The  musculature  of  the  heart  is  always  affected  in 
conditions  of  sepsis  and  toxaemia.  Furthermore,  if  the  heart  muscle  is  al- 
ready weakened  by  the  presence  of  fibrous  tissue  or  by  an  infiltration  with  a 
smaller  or  larger  proportion  of  fat,  the  shock  of  the  operation  with  all  its  irritat- 
ing afferent  impulses  may  seriously  jeopardize  what  sound  muscle  tissue  still 
exists.  The  fact  that  patients  with  well-compensated  valve  lesions  usually 
withstand  operations  well  warrants  the  assumption  that  the  heart  muscle  is 
strong  and  of  good  quality.  Right  here  may  be  mentioned  the  not  infre- 
quent association  of  myocardial  degeneration  with  fibroid  tumors  of  the  uterus, 
although  its  significance  is  not  well  understood. 

Aside  from  post-operative  heart  complications  that  are  definitely  dependent 
upon  myocardial  degeneration,  there  is  a  very  interesting  condition  that  occasion- 
ally arises  and  that  is  due  to  acute  cardiac  dilatation.  A  patient  who  gives 
every  indication  of  doing  well  twenty-four  to  forty-eight  hours  after  operation 
may  suddenly  be  seized  with  severe  precordial  pain  and  sit  up  in  bed  gasping 
for  breath,  while  the  lips  become  markedly  cyanosed.  The  condition  differs 
from  angina  pectoris  not  only  in  the  physical  findings  but  in  the  fact  that  there 
is  no  feeling  of  constriction  about  the  heart,  but  rather  a  sensation  as  if  the^ 
heart  would  burst.  "Hasty  examination  will  show  a  tumultuous  heart  action 
and  a  greatly  increased  area  of  cardiac  dulness.  The  condition  is  seemingly 
obscure  in  its  causation,  as  no  lesion  is  found  post  mortem. 

Closely  allied  with  acute  cardiac  dilatation  is  acute  pulmonary  cedema,  which 
is  really  a  heart  condition  and  not  dependent  on  any  change  in  the  lung  tissue 
itself.  (Edema  of  the  lungs  usually  indicates  a  weakening  or  partial  paralysis  of 
the  left  side  of  the  heart,  so  that  the  right  ventricle  pumps  more  blood  into  the 
lungs  than  the  left  can  properly  distribute,  and  the  greatly  increased  tension  in 
the  pulmonary  vessels  causes  an  extravasation  of  serum  from  the  capillaries 
into  the  lung  tissue.  The  patient  is  suddenly  seized  with  dyspnoea,  and  coughs 
up  large  quantities  of  frothy,  blood-stained  fluid.  The  ear  applied  to  the  chest 
hears  many  coarse  bubbling  rales. 

The  treatment  of  these  two  conditions  brooks  no  delay.  Hypodermic  in- 
jection of  gr.  tV  of  strychnine  with  gr.  yV  of  digitalhi,  supplemented  by  a 
diffusible  stimulant  such  as  ether,  should  be  given  at  once.  Large  repeated 
injections  of  glonoin  with  strychnine  are  highly  approved.  Immediate  vene- 
section and  the  withdrawal  of  400  to  500  c.c.  of  blood  may  be  required.  As 
soon  as  the  immediate  danger  is  over,  the  most  useful  drug  to  prevent  further 
attacks  is  morphine,  which  acts  as  a  true  cardiac  stimulant  by  cutting  off  affer- 
ent irritating  impulses  from  the  periphery  which  serve  to  embarrass  the  suscep- 
tible heart. 

Thrombosis  and  Embolism. — Femoral  thrombo-phlebitis  is  a  rather  infrequent 
sequel  to  operative  procedures,  but  still  occurs  with  more  or  less  persistent  regu- 
larity in  the  service  of  every  surgeon  who  is  constantly  operating.    This  com- 
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plication  is  justly  classed  by  Maurice  Richardson  among  the  "unavoidable 
calamities  following  surgical  operation,"  for  while  theoretically  it  may  be  pre- 
vented, yet,  in  the  light  of  our  present-day  knowledge,  it  appears  to  be  practi- 
cally unavoidable.  Thrombosis  of  the  femoral  vein  appears  without  warning 
one  to  four  weeks  after  the  time  of  operation  and,  indeed,  even  after  the  patient 
has  been  discharged  from  the  hospital  as  well.  Tliis  compUcation  is  seen  most 
commonly  after  abdominal  operations  and  in  the  vast  majority  of  cases  in  a 
patient  who  is  having  an  uninterrupted  convalescence  with  no  e^^dence  of  in- 
fection about  the  operative  site.  The  left  leg  is  about  twice  as  often  affected  as 
the  right  and  the  first  symptom  is  pain,  usually  severe,  in  the  groin  and  in  the 
calf  muscles.  The  temperature  rises  to  100°,  and  rarely  above  101°  F.  There  is 
almost  invariably  a  moderate  degree  of  leucoc\i:osis.  Examination  discloses  dis- 
tinct tenderness  over  the  femoral  vein  and  often  along  the  course  of  the  external 
saphenous.  The  vein  can  be  felt  to  be  thrombosed,  and  the  leg  soon  begins  to 
swell,  with  or  without  pitting  on  pressure. 

The  exact  etiology  is  uncertain.  The  cases  practically  always  terminate  in 
recover}',  so  that  there  has  been  very  little  opportunity  for  studying  the  early 
lesion  post  mortem.  The  rise  of  temperature  associated  with  a  polynuclear  leuco- 
cytosis  speaks  for  an  infective  process,  though  it  is  difficult  to  conceive  of  its  source 
of  origin  in  the  majority  of  cases.  The  suggestions  have  been  advanced  that  the 
predisposing  or  actual  cause  is  the  bruising  of  the  epigastric  veins  by  the  pressm-e 
of  retractors,  or  that  it  is  brought  about  by  a  dyscrasia  of  the  blood  in  anaemic 
indi\dduals,  a  condition  which  favors  clotting  in  the  vessels.  Its  more  frequent 
occurrence  in  the  left  leg  is  attributed  to  the  greater  length  of  the  left  common 
iliac  vein,  to  its  passage  beneath  the  right  common  iliac  arterj',  and  possibly 
to  pressure  upon  this  vein  by  a  distended  sigmoid  flexure  or  rectum. 

In  the  treatment  prophylactic  measures  will  consist  in  ever}-  efifort  to  main- 
tain strict  asepsis,  together  with  care  in  the  use  of  retractors,  which  may  well  bt 
)rotected  with  a  few  layers  of  gauze.  After  the  lesion  has  developed  the  leg 
should  in  the  first  place  be  handled  as  little  as  possible  because  of  the  danger  of 
dislodging  a  portion  of  the  thrombus  and  so  inducing  a  pulmonarj'  embolism. 
Recovery  usually  ensues  upon  absolute  rest  in  bed,  the  application  of  belladonna 
and  mercury  ointment,  wTapping  the  leg  in  cotton,  and  elevating  it  upon  pillows. 
The  patient  should  not  leave  the  bed  until  all  active  symptoms  have  subsided. 
If  the  leg  remains  swollen  during  convalescence  an  elastic  stocking  will  afford 
much  comfort. 

Pulmonary  embolism  is  secondary'  to  thrombosis  in  a  peripheral  vein  or  to  a 
vegetative  endocarditis  of  the  right  side  of  the  heart.  Occasionally,  in  severe 
fractures  with  contusion  of  the  bone,  particles  of  fat  escape  into  the  circula- 
tion and  give  rise  to  a  fat  embolism  in  the  lungs. 

Pulmonary  embolism  comes  on  most  suddenly  and  the  patient  is  seized  \sith 
pain  in  the  chest,  gasps  for  breath,  and  may  fall  back  lifeless  before  any  possible 
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aid  can  be  summoned.  Pulmonary  embolism  may  be  the  initial  symptom  of 
a  femoral  thrombosis,  even  before  local  evidences  have  developed  in  the  leg.  A 
most  interesting  example  of  this  occurred  in  the  writer's  practice,  in  which  a 
woman  was  seized  with  the  characteristic  symptoms  of  pulmonary  embolism 
which  was  not  fatal.  As  soon  as  she  was  able  to  speak  she  told  in  a  most  graphic 
manner  how  she  felt  "something  break"  in  the  region  of  the  left  groin,  followed 
by  a  sensation  of  a  lump  passing  through  the  heart  and  finally  lodging  in  the 
right  side  of  the  chest.  Examination  showed  a  beginning  femoral  thrombosis 
of  the  left  leg  and  an  area  of  dulness  and  atelectasis  in  the  right  lung. 

The  lodgment  of  an  embolus  in  the  lung  gives  rise  to  a  hemorrhagic  infarct 
and  the  patient  will  expectorate  almost  pure  blood  for  some  hours.  If  the  embo- 
lus is  infected  the  septic  infarct  will  break  down  and  an  abscess  of  the  lung 
result. 

As  regards  treatment  of  pulmonary  embolism  the  successful  outcome  depends 
more  on  the  extent  of  the  lesion  than  on  any  method  we  possess  of  cure.  Our 
chief  aid  Hes  in  the  administration  of  oxygen  inhalations  and  stimulation  of  the 
respiratory  centres  with  strychnine,  while  after  the  immediate  danger  is  over  the 
patient  should  be  quieted  with  morphine  and  every  effort  made  to  prevent 
further  damage. 

Acid  Intoxication. — Following  upon  operations  in  which  a  general  anaesthetic 
has  been  employed  there  occasionally  develops  a  severe  toxaemia  of  a  peculiar 
type  which  is  almost  invariably  fatal.  Bevan,  of  Chicago,  has  been  particularly 
interested  in  collecting  cases  from  the  literature  to  report  along  with  very  care- 
fully studied  material  from  his  own  clinic.  The  condition  which  is  here  de- 
scribed has  been  reported  under  various  titles,  such  as  "Hepatic  Toxaemia," 
"Fatal  Acetona?mia,"  "Acute  Fatty  Degeneration  of  the  Liver  following  Anaes- 
thesia," etc.  The  symptoms  appear  in  from  twelve  hours  to  five  days  after 
operation  and  the  first  indication  that  all  is  not  going  well  is  the  gradual  develop- 
ment of  restlessness  and  a  mild  degree  of  delirium.  Associated  with  this  there 
is  noticed  a  sweetish  odor  to  the  breath.  Dyspnoea  of  a  peculiar  type  develops, 
known  as  Kussmaul's  air  hunger,  characterized  by  rapid  and  deep  breathing. 
Vomiting  is  often  a  pronounced  feature.  A  slight  degree  of  icterus  may  be  noted 
in  the  sclerotics,  and  the  extent  of  liver  dulness  is  found  to  be  distinctly  dimin- 
ished. The  temperature  is  moderately  elevated  and  the  pulse  becomes  frequent 
and  weak. 

The  following  resume  is  quoted  directly  from  one  of  Bevan's  monographs 
and  covers  in  a  detailed  manner  the  various  features  of  the  condition  as  far  as 
they  are  known  at  the  present  writing: 

"1.  Anaesthetics,  especially  chloroform  (ether  to  a  very  limited  degree), 
can  produce  a  destructive  effect  on  the  cells  of  the  liver  and  kidneys  and  on 
the  muscle  cells  of  the  heart  and  other  muscles,  resulting  in  fatty  degeneration 
and  necrosis,  very  similar  to  the  effects  produced  in  phosphorus  poisoning. 
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"  2.  The  constant  and  most  important  injury  clone  is  that  to  the  Uver. 

"3.  This  injury  to  the  liver  cells  is  in  direct  proportion  to  the  amount  of  the 
anspsthetic  employed,  and  the  length  of  the  aniesthcsia. 

"4.  Certain  individuals  exhibit  an  idiosyncrasy  or  a  susceptibility  to  this 
form  of  poisoning  which  it  is  difficult  to  explain. 

"  5.  There  are  certain  predisposing  causes  which  favor  this  destructive  effect 
of  chloroform,  among  which  are:  (a)  Age — the  younger,  the  more  susceptible; 
(b)  causes  which  lower  the  general  vitality  of  the  individual  and  probably  the 
vitality  of  the  liver  cells,  such  as  diabetes,  previous  recent  anaesthesias,  infections 
from  pus  germs,  diphtheria,  intoxications  from  a  dead  foetus  in  the  uterus,  a 
gangrenous  mass  in  the  abdominal  cavity,  etc.;  (c)  exhaustion  due  to  hemor- 
rhage; (d)  exhaustion  due  to  starvation;  (e)  exhaustion  due  to  wasting  diseases, 
such  as  carcinoma;  (/)  lesions  which  have  resulted  in  extensive  fatty  degenera- 
tions, such  as  occur  in  the  limbs  in  infantile  paralysis;  (g)  chronic  diseases  in- 
volving both  liver  and  kidney,  such  as  cirrhosis  and  nephritis. 

"  6.  As  a  result  of  this  fatty  degeneration  and  necrosis  of  the  liver  cells,  toxins 
are  produced  either  from  the  liver  cells  themselves  or  as  a  result  of  the  failure 
of  these  cells  to  eliminate  substances  which,  under  normal  conditions,  they  elimi- 
nate, but  which  under  these  abnormal  conditions  they  fail  to  do,  and  these 
substances,  therefore,  may  accumulate  and  produce  toxic  effects. 

''7.  These  toxins  produce  a  definite  symptom-complex  which  makes  its 
appearance  from  ten  to  one  hundred  and  fifty  hours  after  the  anaesthesia.  This 
symptom-complex  consists  of  vomiting,  restlessness,  delirium,  convulsions,  coma, 
Cheyne-Stokes  respiration,  cyanosis,  icterus  in  varying  degree,  and  usually 
terminates  in  death. 

"8.  It  is  probable  that  milder  degrees  of  this  poisoning  are  recovered  from, 
and  that  the  transient  icterus  noticed  after  chloroform  anaesthesia  without  other 
evident  cause  is  due  to  such  poisoning,  and  many  cases  which  exhibit  restlessness, 
fright,  mild  delirium,  drowsiness,  etc.,  after  anaesthesia  may  be  due  to  the  same 
cause. 

'*  9.  This  disease  is  a  hepatic  toxaemia ;  the  toxins  producing  it  are  hepatic 
toxins;  and  possibly  the  previous  condition  making  its  development  easily 
possible  should  be  described  as  liver  insufficiency.  Just  as  we  have  for  a  long 
time  recognized  a  condition,  uraemia,  in  which  we  find  arising  from  a  variety 
of  noxious  agents,  anaesthetics,  poisons,  infections,  pregnancy,  etc.,  affecting  the 
secreting  cells  of  the  kidney  and  preventing  their  normal  function,  a  pathologic 
condition,  accompanied  with  a  certain  definite  symptom-complex,  so  we  must 
now,  we  believe,  recognize  a  condition  involving  the  liver  in  which  we  find  from 
a  variety  of  noxious  agents  (anaesthetics,  poisons,  infections,  pregnancy,  etc.), 
affecting  the  secreting  cells  of  the  liver  and  preventing  their  normal  function,  a 
pathological  condition  which  we  must  describe  as  hepatic  toxaemia  accompanied 
with  a  certain  symptom-complex  and  showing  certain  changes  post  mortem. 
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"  We  believe  that  the  condition  of  acute  fatty  degeneration  of  the  liver  with 
resulting  hepatic  toxaemia  is  as  definite  a  pathologic  entity  as  is  acute  pancrea- 
titis with  fat  necrosis. 

''  IQ.  As  by-products  in  this  toxaemia,  but  not  as  the  essential  poisons,  ate 
found  acetone,  diacetic  acid,  and  beta-oxybutyric  acid  in  the  blood  and  urine. 

"11.  Post-mortem  reveals  fatty  degeneration  of  the  liver,  fatty  degeneration 
and  mild  degree  of  inflammation  of  the  kidneys,  and,  in  extreme  cases,  fatty  de- 
generation of  heart  and  other  muscles.  The  lesion  of  the  liver  we  believe  to  be 
the  overshadowing  and  important  one,  and  the  one  which  is  responsible  for  the 
symptoms  and  fatal  result.  The  injury  to  the  liver,  in  some  cases,  is  so  great 
as  to  result  in  practically  a  total  destruction  of  the  organ. 

"  12.  Somewhat  similar  hepatic  toxaemias  resulting  from  fatty  degeneration 
of  the  liver  cells  occur  in  other  conditions,  and  are  accompanied  with  very  similar 
symptoms.  Such  conditions  are  phosphorus  poisoning,  diabetes,  puerperal 
eclampsia,  and  acute  yellow  atrophy  of  the  liver. 

"  13.  This  fatty  degeneration  of  the  liver  with  hepatic  toxaemia  following  an- 
aesthesia is  almost  invariably  due  to  chloroform  in  the  fatal  cases.  Ether  is 
seldom  the  cause  of  a  death  of  this  kind. 

"  14.  This  serious  and  even  fatal  late  effect  of  chloroform  which  has  hereto- 
fore not  been  generally  recognized  must  still  further  limit  the  use  of  this  power- 
ful and  dangerous  agent. 

"  15.  The  possibility  of  the  development  of  hepatic  toxaemia  makes  chloroform 
distinctly  contra-indicated  in  those  cases  in  which  there  exist  the  conditions  which 
seem  to  favor  its  development,  i.e.,  diabetes,  sepsis,  starvation,  hemorrhage; 
the  presence  of  intoxication  from  dead  material;  the  presence  of  fatty  degener- 
ations, as  already  cited,  after  infantile  paralysis,  and  lesions  of  the  liver.  The 
susceptibility  of  children  to  this  hepatic  toxaemia  must  be  recognized.  That 
chloroform  is  capable  of  producing  these  serious  late  poisonous  effects  is  a  strong 
argument  against  its  employment,  and  an  argument  in  favor  of  the  more  general 
use  of  ether;  and  yet  we  are  confronted  at  times  with  the  Chary bdis  of  ether 
pneumonia,  on  the  one  hand,  and  the  Scylla  of  chloroform  hepatic  toxaemia,  on 
the  other. 

"  16.  The  recognition  of  this  danger  of  hepatic  toxaemia  is  a  strong  argument 
against  the  employment  of  chloroform  for  long  anaesthesia,  as  it  can  be  shown 
that  a  two-hour  chloroform  anaesthesia  is  almost  invariably  fatal  to  rabbits  and 
guinea-pigs,  from  fatty  degeneration  and  necrosis  of  the  liver  cells;  and  a  twe- 
hour  chloroform  anaesthesia  in  man  is  an  exceedingly  dangerous  thing. 

"  17.  These  facts  in  regard  to  the  late  poisonous  effects  of  anaesthetics  and  the 
fact  that  the  dangers  increase  with  the  amount  of  the  drug  employed  and  with 
the  length  of  the  anaesthesia,  form  a  strong  argument  in  favor  of  rapid  operating 
and  in  favor  of  limiting  in  every  way  possible  the  length  of  the  anaesthesia  and 
the  dose  of  the  anaesthetic.    For  example,  time-consuming  preparations  of  the 
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patient  should  be  made  before,  not  after,  anaesthesia.  In  the  hght  of  this 
present  knowledge,  no  surgeon  can  claim,  as  some  have  in  the  past,  that  after 
the  patient  is  once  asleep,  it  makes  no  difference  whether  it  requires  one 
hour  or  two  for  the  doing  of  an  operation.  In  the  light  of  this  knowledge,  for 
instance,  three-hour  breast  amputations  with  the  unnecessary  ligation  of  fifty 
vessels  become  bad  surgery. 

"  18.  This  problem  seems  to  us  a  ver>'  important  one  and  worthy  of  the  most 
careful  study  and  research.  At  present  we  are  practically  limited  to  chloroform 
and  ether  as  general  anaesthetics.  Each  has  its  danger;  each  has  its  special 
field  in  which  one  is  safer  than  the  other.  We  have,  as  a  rule,  heretofore  em- 
ployed chloroform  in  cases  in  which  there  was  a  previous  lung  or  kidney  lesion, 
and  in  children,  with  the  idea  that  it  was  less  likely  to  produce  nephritis  and  pneu- 
monia, and  have  used  ether  in  the  bulk  of  our  work  and  felt  that  it  was  specially 
to  be  selected  in  heart  lesions.  We  must  now  add  new  limitations,  and  attempt 
to  determine  by  previous  examination  whether  there  is  what  might  be  called 
hepatic  insufficiency,  the  condition  present  which  favors  the  development  of 
the  late  poisonous  effect  of  chloroform  on  the  liver.  Another  w^ay  of 
solving  this  problem  would  be  the  discovery  of  new  anaesthetic  agents,  which  do 
not  carry  with  them  these  poisonous  effects,  or  the  employment  of  the  present 
anaesthetic  in  such  a  way  as  to  avoid  these  dangers." 

Iodoform  Poisoning. — A  very  perplexing  symptom-complex  occasionally 
arises  following  the  use  of  iodoform  as  a  dusting  powder  or  when  incorporated 
into  drainage  material.  The  condition  generally  sets  in  with  anxiety,  depression, 
and  headache.  The  patient  is  unable  to  sleep  and  soon  shows  evidence  of  cere- 
bral excitement  with  great  restlessness  which  may  pass  into  an  active  deUrium 
not  readily  amenable  to  narcotics.  The  stage  of  excitement  may  deepen  into 
a  condition  of  coma,  or  a  true  melancholia  may  develop  associated  with  halluci- 
nations. A  rarer  result  of  the  absorption  of  iodoform  is  deep  sleep  passing  into 
stupor  and  collapse,  without  any  symptoms  of  cerebral  excitement.  In  some 
cases  of  iodoform  poisoning  a  generalized  scarlatinal  skin  rash  develops.  The 
pulse  is  much  accelerated  and  it  has  been  said  that  the  body  temperature 
may  be  moderately  elevated  even  in  the  absence  of  any  signs  of  sepsis. 

Toxic  effects  from  iodoform  are  usually  said  to  occur  more  frequently  in  the 
aged,  but  children  also  are  quite  susceptible.  The  symptoms  in  general  are  not 
unlike  those  of  acute  thyroidism,  and  in  this  connection  it  is  interesting  to  note 
that  the  thyroid  secretion  has  been  found  to  be  increased  to  a  very  considerable 
extent  by  iodoform,  as  by  other  bodies  which  liberate  iodine  in  the  tissues.  The 
toxic  effect  of  iodoform  cannot  be  entirely  attributed,  however,  to  the  splitting 
off  of  iodine,  as  its  action  seems  to  be  much  more  complex.  After  fatal  poisoning 
the  liver,  kidneys,  and  heart  muscle  are  generally  found  to  have  undergone  fatty 
degeneration.  Symptoms  of  iodoform  poisoning  are  particularly  apt  to  follow 
when  the  drug  is  used  in  brain  surgery,  and  for  this  reason  it  had  best  be  discarded 
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in  operations  on  this  part  of  the  body.  The  diagnosis  of  iodoform  intoxication 
may  offer  practical  difficulties,  but  whenever  anomalous  mental  symptoms  de- 
velop in  a  case  in  which  iodoform  has  been  used  it  is  advisable  to  remove  as  much 
of  the  substance  as  possible,  replace  iodoform  drains  with  plain  gauze,  and 
flush  out  any  draining  cavity  with  sterile  salt  water. 

The  treatment  of  iodoform  poisoning  consists  in  securing  free  elimination  by 
purgation  and  the  introduction  of  physiological  saline  solution  into  the  tissues. 
The  use  of  bicarbonate  of  soda  has  been  advised  in  the  hope  that  it  will  combine 
with  the  iodine  and  aid  in  its  elimination.  If  suppression  of  urine  occurs  this 
must  be  appropriately  treated  by  hot  packs,  etc. 

Parotitis. — Acute  inflammation  of  one  or  both  parotid  glands  is  a  rare  com- 
plication that  may  occur  during  convalescence  from  a  surgical  operation.  Much 
interest  attaches  to  this  condition  because  of  its  relatively  frequent  occurrence 
after  abdominal  operations,  particularly  those  involving  the  ovaries  and  testes. 
The  enlargement  appears  rather  suddenly  from  several  days  to  several  weeks 
after  operation,  the  gland  becomes  swollen,  hot,  and  tender,  and  the  process  gen- 
erally leads  to  suppuration.  The  right  parotid  is  more  frequently  affected  than 
the  left,  but  in  about  one-third  of  the  cases  both  glands  are  involved.  The 
etiology  of  this  condition  is  certainly  obscure.  While  the  inception  of  the  in- 
flammation may  depend,  as  some  hold,  upon  a  reflex  disturbance,  yet  there 
is  in  every  case  an  acute  suppurative  local  process  associated  with  severe  con- 
stitutional symptoms.  The  rather  frequent  occurrence  of  parotitis  with  dif- 
fuse peritonitis  speaks  for  a  pya^mic  process  with  a  metastatic  focus  in  the 
gland.  In  other  instances,  however,  the  bubo  appears  in  a  perfectly  clean 
abdominal  case.  In  this  event  it  is  quite  possible,  as  has  been  suggested,  that 
the  infection  comes  from  a  dirty  mouth.  The  location  of  the  orifice  of  Sten- 
son's  duct  on  the  buccal  mucous  membrane  opposite  the  second  molar  tooth 
of  the  upper  jaw  renders  the  parotid  gland  possibly  more  susceptible  to  invasion 
with  organisms  from  the  mouth  than  are  the*  other  salivary  glands.  The  part 
played  by  oral  sepsis  assumes  more  significance  since  it  has  been  noted  that 
parotitis  is  becoming  relatively  less  frequent  now  that  more  attention  is  being 
paid  to  the  care  of  the  mouth. 

The  treatment  of  parotitis  must  be  local  and  general.  As  regards  the  former, 
palliative  measures  rarely  succeed,  and  an  early  incision  with  evacuation  of  the 
pus  constitutes  by  far  the  best  procedure.  The  constitutional  symptoms 
require  the  usual  treatment  of  an  acute  infection. 

Fcecal  Impaction. — In  describing  above  the  general  preparation  for  an  oper- 
ation it  was  advised  to  cleanse  out  the  intestinal  tract  by  means  of  castor  oil 
supplemented  by  flushing  out  the  lower  bowel.  In  the  great  majority  of  instances 
such  a  measure  suffices.  Occasionally,  however,  in  a  patient  inclined  to  habitual 
constipation  even  a  copious  evacuation  may  leave  much  residue  behind.  Follow- 
ing the  operation  the  period  of  intestinal  atony,  together  with  the  abdominal 
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discomfort  and  disinclination  to  go  to  stool,  allows  the  faeces  to  become  solidified. 
As  a  result  the  rectum  may  be  filled  with  hard  scybalae  and  the  patient  begins  to 
suffer  discomfort  in  that  region  and  has  a  desire  to  defecate  which  is  not  gratified. 
If  the  condition  is  not  rectified  the  irritation  produced  may  give  rise  to  a  watery 
diarrhoea  consisting  chiefly  of  the  increased  intestinal  secretion  which  may  es- 
cape about  the  hardened  masses  of  faeces  while  they  remain  undislodged.  The 
faecal  obstruction,  furthermore,  may  become  canalized  and  so  allow  the  passage 
of  intestinal  contents  from  above.  It  is  just  such  a  contingency  which  is  mislead- 
ing, as  the  nurse  will  declare  that  the  patient's  bowels  have  moved  well.  The 
patient,  however,  is  usually  well  aware  of  the  fact  that  the  rectum  is  not  emptied 
and  insists  on  being  relieved.  The  contention  is  here  made  that  faecal  impaction 
occurs  more  frequently  than  is  generally  recognized  and  that  a  digital  examina- 
tion of  the  rectum  will  often  prevent  several  days  of  discomfort. 

In  the  treatment  of  this  condition  it  is  not  infrequently  necessary  to  remove 
the  offending  material  by  means  of  the  finger.  The  surgeon  should  always  put  on 
a  pair  of  rubber  gloves  or  at  least  a  finger  cot.  This  procedure  is  painful  and 
should  be  preceded  by  efforts  of  a  simpler  nature.  An  enema  consisting  of  ten 
ounces  of  olive  oil  with  two  ounces  of  glycerin  is  often  very  effectual.  It  should 
be  retained,  if  possible,  for  fifteen  or  twenty  minutes. 

Should  this  enema  be  ineffectual  it  may  be  repeated  in  four  hours  and  then 
followed  in  the  course  of  an  hour  with  a  large  water  enema  containing  two  ounces 
of  epsom  salts  and  four  ounces  of  glycerin.  Ox-gall  by  many  is  regarded  of 
especial  use.  The  bowels  ought  to  be  particularly  w^atched  during  the  next 
few  days  so  as  to  ascertain  that  the  intestinal  tract  is  thoroughly  cleared. 

Secondary  Hemorrhage. — The  failure  properly  to  tie  off  all  bleeding  points  may 
be  an  act  of  gross  carelessness  and  negligence.  Conditions  do  occasionally 
arise,  however,  when  even  the  most  studied  art  on  the  surgeon's  part  fails  to 
prevent  this  complication.  The  most  common  cause  of  unavoidable  secondary 
hemorrhage  is  found  in  a  diseased  condition  of  the  vessel  wall,  which  permits 
the  latter  to  give  way  at  or  near  the  ligature  before  the  blood  thoroughly  clots 
in  the  stump  of  the  vessel.  Bleeding  may  be  also  due  to  the  slipping  of  a  hg- 
ature  or,  on  the  other  hand,  to  the  fact  that  the  suture  has  been  tied  so  tighth- 
as  gradually  to  cut  through  the  vessel  wall. 

The  employment  of  the  mass  ligature  is  to  be  avoided  whenever  possible  as  it 
is  not  infrequently  ineffective.  Hemorrhage  may  ensue  upon  suture  work  on 
the  intestines  if  abdominal  distention  occurs  and  if  the  sutures  are  not  well 
reinforced. 

Secondaiy  hemorrhage  may  be  due  to  a  general  oozing  or  to  a  rupture  of 
a  relatively  large  vessel.  The  blood  may  freely  collect  in  the  body  cavity  or 
may  be  confined  in  the  tissues,  giving  rise  to  a  haematoma.  The  diagnosis  be- 
tween rapid  hemorrhage  and  shock  offers  some  practical  difficulty.  In  both 
conditions  the  pulse  becomes  more  frequent  and  of  smaller  volume,  but  in  hem- 
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orrhage  this  change  is  usually  more  gradual  and  progressive  than  in  shock, 
shock  there  is  frequently  a  tendency  to  reaction  which  is  not  observed  in  hem- 
orrhage. Probably  the  best  guide  is  the  patient's  general  condition.  In  shock 
there  is  pallor  with  lividity  while  the  intellectual  faculties  are  sluggish  in  their 
operation.  The  pallor  of  hemorrhage  is  more  pronounced,  and  the  patient  is 
alert  and  anxious.  A  paucity  of  red  cells  is  shown  in  the  blood  picture  in  these 
cases.  Physical  examination  in  cases  of  hemorrhage  may  reveal  the  presence 
of  free  fluid  in  the  cavity,  or  a  prominent  mass  makes  its  appearance. 

There  is  only  one  reliable  form  of  treatment  for  post-operative  hemorrhage 
and  that  is  to  expose  the  operative  area  and  secure  the  bleeding  vessel.  If  the 
bleeding  comes  from  a  mass  of  veins  each  of  which  cannot  be  isolated  and  tied, 
or  if  they  lie  in  close  proximity  to  some  important  structure  as  the  ureter,  which 
might  be  included  in  a  mass  ligature,  the  bleeding  will  have  to  be  controlled 
by  tight  packing  with  gauze. 

Sampson,  of  Albany,  has  proposed  and  made  use  of  an  ingenious  scheme  to 
control  hemorrhage  following  pelvic  operations.  This  is  done  by  opening  the 
lower  end  of  the  abdominal  incision  without  anaesthesia  and  then  introducing  a 
sterilized  proctoscope  through  the  opening  down  into  the  pelvis.  Sterile  gauze 
is  then  tightly  packed  into  the  pelvis  and  counterpressure  is  made  by  tightly 
packing  the  vagina. 

Status  LymphGticus. — This  is  a  rather  rare  constitutional  condition,  occur- 
ring chiefly  in  children  in  whom  there  exists  an  enlargement  of  the  thymus 
gland  with  hyperplasia  of  the  lymphatic  tissues  throughout  the  body.  Special 
interest  attaches  to  this  condition  because  the  subjects  of  this  lymphatic  con- 
stitution have  a  diminished  vital  resistance  and  are  very  liable  to  fatal  collapse 
under  ordinarily  very  inadequate  exciting  causes.  In  many  cases  of  sudden 
death  of  children  during  anaesthesia  the  thymus  gland  is  found  much  enlarged. 
The  exact  relationship  of  this  condition  to  sudden  death  has  not  been  explained, 
but  it  is  generally  believed  that  individuals  with  this  hyperplasia  have  lowered 
powers  of  resistance  and  are  particularly  liable  to  paralysis  of  the  heart.  The 
diagnosis  of  the  lymphatic  constitution  is  always  difficult.  The  most  im- 
portant features  are  a  general  enlargement  of  the  superficial  glands,  hyper- 
trophy of  the  tonsils,  increased  dulness  over  the  sternum  (thymus  enlarged), 
with  signs  of  enlargement  of  the  mesenteric  glands.  In  addition,  the  patients 
are  often  poorly  developed  and  may  be  infantile  in  aspect. 
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I.  INTRODUCTION. 

The  necessity  for  some  agent  to  relieve  the  pain  incident  to  surgery  had 
been  realized  for  centuries,  and  in  the  wTitings  of  Herodotus,  Dioscorides,  Pliny, 
and  Homer  mention  is  made  of  attempts  by  the  ancients  to  accomphsh  this 
purpose  by  administering  mandragora,  poppy,  henbane,  or  cannabis  indica. 
As  surgical  skill  advanced,  tliis  necessity  became  greater,  and  the  mecUcal  Uter- 
ature  of  the  early  part  of  the  last  century  refers  to  the  horrors  of  surgery,  and  to 
the  attempts  to  produce  analgesia  by  the  use  of  hypnotism,  alcohol,  and  opium. 

Although  ether  was  discovered  in  1540  by  ^'alerius  Cordus,  and  nitrous 
oxide  by  Priestley  in  1774,  their  anaesthetic  properties  were  not  recognized  until 
many  years  later. 

In  1842  Dr.  Craw*ford  W.  Long,  of  Georgia,  administered  ether  and  per- 
formed a  painless  operation  for  the  removal  of  a  tumor  of  the  lower  jaw.  But 
he  did  not  realize  the  importance  of  his  work,  and  made  no  attempt  to  pub- 
Ush  it  and  thus  to  offer  relief  from  the  sufferings  of  thousands. 

In  1844,  at  Hartford,  Conn.,  Horace  "Wells,  ha^^ng  seen  a  demonstration 
of  "laughing-gas"  by  G.  S.  Colton,  then  a  wandering  lecturer,  determined  to 
use  it  in  his  dental  practice,  but  in  a  demonstration  at  the  Massachusetts  Gen- 
eral Hospital  he  failed  to  produce  a  satisfactory  state  of  anaesthesia  in  his  pa- 
tient, and  died  in  1848.  After  Dr.  Wells'  death  nitrous  oxide  was  little  used 
until  1867,  when  Colton  again  introduced  it. 

In  1846,  W.  T.  G.  Morton,  a  yoimg  dentist,  and  at  one  time  a  partner  of 
Horace  Wells,  reahzing  the  desirability  of  a  more  stable  anaesthetic  than  ni- 
trous oxide,  determined  to  try  ether,  and  on  October  13,  1846,  at  the  Massa- 
chusetts General  Hospital,  Dr.  J.  C.  Warren  operating,  Morton  successfully 
administered  ether.  The  apparatus  used  was  a  glass  globe-shaped  inhaler 
with  funnel-shaped  mouth-piece  (Fig.  67),  although  in  many  subsequent  ad- 
ministrations the  sponge  shown  in  Fig.  68  was  used. 

Ether  now  entirely  supplanted  nitrous  oxide,  and  the  news  of  its  discovery 
spread  to  all  parts  of  the  ci\'ilized  world,  particularly  to  England. 

In  1847  Dr.  J.  Y,  Simpson,  of  EcUnburgh,  first  used  chloroform  as  an  an- 

169 


170  AMERICAN  PRACTICE  OF  SURGERY. 

sesthetic,  and  from  that  time  until  verj^  recently  most  of  the  important  im- 
provements in  method  and  apparatus  for  administering  gas,  ether,  and  chloro- 
form, appear  to  have  come  from  England.  This  was  probably  due  to  the  fact 
that  chloroform  was  soon  recognized  as  a  dangerous  drug,  demanding  more 
than  ordinary  care  in  its  administration.  Several  deaths  occurred  under  its 
use,  and  the  attention   of  surgeons  and  dentists   was  directed   to   inventing 


Fig.  67. — Morton's  Original  Ether  Inhaler. 

methods  and  apparatus  for  the  safe  administration  of  chloroform,  and  thus 
also  to  gas  and  ether. 

In  the  mean  time  the  use  of  ether  continued  in  the  United  States,  and,  as 
it  was  found  to  be  safe,  no  notable  improvements  in  method  or  apparatus  were 
introduced,  a  folded  towel  or  sponge  ordinarily  being  used  for  the  administra- 
tion. 

In  1858  Dr.  John  Snow,  of  London,  invented  a  regulating  chloroform  in- 
haler, and  also  published  the  results  of  his  extensive  investigations  of  the  action 
of  ether  and  nitrous  oxide. 

In  1862  Mr.  J.  T.  Clover,  of  London,  did  some  notable  work  on  the  physi- 
ology of  chloroform  and  introduced  an  inhaler  for  its  administration. 
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In  1863  Colton,  ha\'ing  used  nitrous  oxide  extensively  in  New  York,  went 
to  Paris,  and  from  there  the  use  of  the  gas  in  dentistry  was  introduced  by  Dr. 
Evans  into  England.  Clover  continued  his  work  on  anaesthetics,  paying  now 
particular  attention  to  the  administration  of  nitrous  oxide  and  of  ether.  In 
1876  he  perfected  his  combined  nitrous-oxide  and  ether  inhaler,  thereby  mak- 
ing two  notable  advances  in  the  science  of  administering  anaesthetics:  First, 
the  administration  of  nitrous  oxide  as  a  preliminary  to  ether;  and,  second,  the 
administration  of  ether  by  the  closed  method  {i.e.,  with  limitation  of  air). 

The  next  considerable  advance  was  made  by  Dr.  Frederic  ^Y.  Hewitt,  of 


Fig.  6S. — Morton's  Sponge,  Used  in  Early  Administration  of  Ether. 


London,  who  in  1886  began  his  experiments  in  administering  nitrous  oxide 
with  oxygen,  and  in  1894  perfected  his  valuable  apparatus  for  this  purpose. 

In  1897  ethyl  chloride,  in  common  use  as  a  local  anaesthetic,  was  observed 
by  Billeter,  a  S^^iss  dentist,  to  produce  light  degi'ees  of  general  anaesthesia 
when  sprayed  upon  the  gums.  This  led  to  the  first  considerable  use  of  the 
drug  as  a  general  anaesthetic,  by  Lotheisen  (Vienna),  in  1898. 

In  1895  Dr.  RoUand,  of  Bordeaux,  introduced  somnoforme. 

In  1895  Dr.  Schleich,  of  Berlin,  introduced  his  three  anaesthetic  mixtures 
of  ether,  chloroform,  and  petrolemn  ether.  The  principle  upon  which  these 
mixtures  were  made  was  that  the  boiling-point  should  be  about  98°  F.,  or  near 
the  body  temperature,  thus  securing  uniform  absorption  and  elimination  with 
nearly  sjTichronous  evaporation  of  the  ingredients.  These  mixtures  were  in- 
troduced as  improvements  upon  the  A.  C.  E.  (alcohol,  chlorofonn,  ether)  and 
C.  E.  (chloroform,  ether)  mixtures  then  extensively  used  in  England. 
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In  America  the  most  noteworthy  advances  in  anaesthesia  were  the  intro- 
duction of  "ansesthol"*  by  Dr.  Willy  Meyer,  of  New  York,  in  1898,  and  the 
Bennett  combined  nitrous-oxide  and  ether  inhaler  by  Dr.  T.  L.  Bennett,  of 
New  York,  in  1899. 

Dr.  Bennett's  combined  gas  and  ether  inhaler  for  the  administration  of 
these  agents  separately  or  in  combination  was  suggested  by  Clover's  appara- 
tus, but  is  distinctly  an  improvement  upon  it. 

In  England  for  many  years  the  administration  of  anaesthetics  has  been  made 
a  profession  by  medical  men.  There  are  societies  of  anaesthetists,  and  sys- 
tematic teaching  is  in  vogue  at  the  large  hospitals  and  medical  schools.  Much 
writing  is  also  done  on  the  subject  of  anaesthesia. 

In  America,  until  very  recently,  the  interest  of  the  profession  in  anaesthesia 
has  been  feeble.  Systematic  instruction  is  omitted  from  the  curricula  of 
most  of  the  hospitals  and  medical  schools  of  this  country,  and  the  average 
practitioner  starts  with  a  meagre  knowledge  of  this  important  subject. 

The  object  of  this  paper,  therefore,  is  to  furnish  such  practical  details  as 
will  enable  the  reader  to  get  a  working  knowledge  of  the  principles  and  methods 
of  administering  the  more  commonly  used  anaesthetics. 


II.  PREPARATION  FOR  SURGICAL  ANAESTHESIA. 

Preparation  of  the  Patient. — The  amount  of  preparation  necessary  for 
patients  about  to  inhale  anaesthetics  varies  with  the  duration  and  depth  of  the 
required  anaesthesia,  but,  generally  speaking,  they  do  better  if  the  stomach, 
rectum,  and  bladder  are  empty. 

In  light  anaesthesias  consisting  of  a  simple  administration  of  nitrous  oxide, 
for  example,  little  or  no  preparation  may  be  necessary.  Certain  precautions, 
however,  should  be  taken  before  the  administration  of  any  general  anaesthetic: 
The  mouth  should  be  clear  of  any  foreign  body  that  could  be  swallowed  or  in- 
haled, the  nose  should  be  cleared  by  blowing,  and  the  clothing  about  the  neck 
and  waist  should  be  loosened. 

The  longer  and  more  profound  administrations  in  major  surgery  require  a 
careful  and  thorough  preparation  which  it  might  be  necessary  to  begin  weeks 
beforehand.  A  weak  patient,  for  example,  might  need  a  long  course  of  nour- 
ishing food  and  hygienic  treatment  before  he  would  be  in  a  fit  condition  for 

*  "  AnjEsthol  "  is  a  mixture  of 

Ethyl  chloride 17 .  00  volumes 

Ether 56 .  75 

Chloroform 43 .  25        " 

with  a  boiling-point  of  40°  C.  (104°  F.)  It  is  based  on  Schleich's  principles,  but  is  more  effi- 
cient than  either  of  the  mixtures  which  he  advocated,  and  Is  an  improvement  on  the  A.  C.  E. 
mixture  (alcohol  1  part,  chloroform  2  parts,  ether  3  parts). 
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operation;  a  diabetic  might  require  dieting  until  the  amount  of  sugar  in  the 
urine  had  been  reduced  as  much  as  possible. 

It  is  essential  in  every  major  administration  that  the  stomach,  rectum,  and 
bladder  be  empty  at  the  time  of  operation,  and  thus  degrees  of  star\ing  and 
purging  varjdng  with  the  strength  of  the  patient  may  be  necessary.  A  weak 
and  anaemic  woman  should  be  lightly  dieted  and  gently  purged,  but  a  strong 
and  plethoric  man  will  take  an  anaesthetic  better  if  he  be  well  starved  and 
purged. 

Generally  speaking,  for  twelve  hours  before  the  administration  of  the  anaes- 
thetic all  soUd  food  should  be  withheld  and  the  stomach  should  be  empty  at 
the  time  of  operation.  Emergency  cases  may  require  the  use  of  the  stomach 
tube,  which  may  often  be  left  in  the  stomach  during  the  operation,  as,  for 
example,  in  cases  of  intestinal  obstruction  \sith  fsecaloid  regurgitation.  Young 
children  may  sm-reptitiously  obtain  solid  food  before  anaesthesia  and  may 
require  watching  on  this  account  to  prevent  it.  Many  serious  accidents  have 
occurred  from  the  vomiting  and  inhalation  of  food  by  anaesthetized  patients. 

A  good  way  of  emptying  the  rectum  is  to  give  a  purgative  at  noon  on  the 
day  before  operation  and  an  enema  at  eight  or  nine  o'clock  the  same  evening. 
It  vdW  then  not  be  necessary  to  disturb  the  patient,  in  the  early  hours  of  the 
morning  of  the  operation,  to  give  an  enema.  As  before  stated,  the  amount  of 
purgation  must  be  increased  or  diminished  according  to  the  patient's  strength. 

In  preparing  to  administer  ether  by  the  rectum,  Cunningham  advocates  the 
use  of  full  doses  of  magnesium  sulphate  the  day  before  operation,  and  a  large 
cleansing  enema  the  morning  of  operation,  to  be  repeated  one-half  hour  before 
conmiencing  the  administration. 

Patients  should  always  empty  the  bladder  or  be  catheterized  inmiediately 
before  operation. 

The  mouth  should  be  cleaned  by  thoroughly  brushing  the  teeth  and  using 
an  antiseptic  mouth  wash  and  gargle  just  before  operation.  The  very  foul 
teeth  of  some  hospital  patients  may  require  systematic  cleaning  by  a  dentist 
before  the  administration  of  the  anaesthetic.  This  is  especially  true  in  the  use 
of  ether,  as  the  mucus  developed  by  it  may  become  infected  by  bacteria  from 
the  mouth  and  possibly  inhaled,  thus  causing  a  septic  bronchitis.  The  secre- 
tion of  mucus  and  saliva  is  increased  during  the  administration  of  the  anaes- 
thetic. 

Mixed  AnoBsthesia. — The  preliminary  administration  of  narcotic  drugs,  such 
as  morphine  with  or  without  atropine,  hyoscine,  scopolamine,  chloral,  etc.,  to 
patients  about  to  be  anaesthetized  with  ether  or  chloroform,  is  called  "mixed 
anaesthesia."  The  hydrobromate  of  hyoscine,  gr.  y^o^,  given  half  an  hour 
before  the  anaesthetic,  has  been  found  by  some  to  produce  tranquil  anaesthesia 
and  delayed,  but  satisfactory,  recoveries.  The  same  is  true  of  the  hydrobromate 
of  scopolamine,  gr.  rffTT,  given  an  hour  before  the  anaesthetic,  and  a  dose  of 
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morphine  given  half  an  hour  before.  The  drugs  are  administered  hypoder- 
mically.  Although  successful  in  many  cases,  hyoscine  and  scopolamine  do  not 
seem  to  be  entirely  without  danger,  owing  to  their  tendency  to  depress  too 
much  the  respiration  and  the  nervous  system. 

Morphine  with  atropine  is  safer  to  use.  These  drugs  should  be  given  in 
rather  small  doses  about  half  an  hour  before  the  anaesthetic .  Women  will  not 
require  more  than 

Morphine gr.     J    to    i 

Atropine gr.  ^^^  to  yi^ 

while  men  do  well  with 

Morphine gr.     i    to    J 

Atropine gr.  xio  to  j^^ 

The  advantages  of  mixed  anaesthesia  are : 

Calming  and  tranquilhzing  the  patient  before  anaesthesia. 

Diminution  of  the  secretion  of  mucus  and  saUva  during  etherization,  thus 
avoiding  inflammation  of  the  respiratory  passages  following  ether  anaesthesia. 

Lessening  of  the  amount  of  ether  or  chloroform  necessary  to  control  the 
patient. 

A  tendency  to  produce  quiet  anaesthesia  by  depressing  the  respiration. 

A  tendency  to  lessen  post-anaesthetic  sickness  by  causing  the  patient  to 
sleep  after  withdrawal  of  the  anaesthetic. 

A  tendency  to  produce  more  complete  muscular  relaxation. 

The  disadvantages  are : 

If  too  much  of  the  anaesthetic  is  used  considerable  depression  of  the  respir- 
ation, owing  to  hypernarcosis,  may  result. 

It  may  delay  recovery  an  unnecessarily  long  time. 

Mixed  anaesthesia  should  not  be  used  as  a  routine.  The  cases  should  be 
selected,  and  the  doses  of  the  drugs  made  as  small  as  possible.  Generally 
speaking,  it  may  be  used  for  most  laparotomies,  owing  to  the  tranquil  breath- 
ing produced.  It  is  also  particularly  useful  in  operations  like  extirpation  of 
the  tongue,  where  the  giving  of  the  anaesthetic  has  to  be  interrupted  for  vary- 
ing periods  of  time.  Mixed  anaesthesia  should  be  omitted  in  weak  patients 
and  in  cases  of  morphine  idiosyncrasy;  also  in  short  operations  that  do  not 
require  very  complete  muscular  relaxation  or  tranquil  respiration. 

Certain  emergency  cases,  notably  of  appendicitis,  peritonitis,  intestinal  ob- 
struction, etc.,  may  present  themselves  for  operation  after  the  patient  has  re- 
cently had  large  doses  of  morphine  on  account  of  pain.  Unless  this  be  known, 
and  the  amount  of  the  anaesthetic  proportionately  lessened,  dangerous  respira- 
tory depression  and  hypernarcosis  may  result  during  anaesthesia. 

Morphinists  will  be  found  hard  to  control  unless  they  are  given  suitable 
doses  of  morphine  before  anaesthesia. 
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Morphine  should  never  be  given  after  ansesthesia  until  all  the  reflexes  have 
returned  and  the  patient  is  fully  conscious;  otherwise  recovery  may  belong  de- 
layed and  the  proper  clearing  of  the  respiratory  passages  of  mucus  be  prevented. 

Mixed,  anaesthesia  should  be  used  with  great  caution,  if  at  all,  in  children. 

Atropine  alone  is  useful  when  ether  is  used.  It  may  be  given  hypoder- 
mically  or  by  mouth  in  doses  of  gr.  ^^  to  gr.  y^  five  or  ten  minutes  be- 
fore beginning  the  administration.  It  prevents  the  excessive  secretion  of 
mucus  and  saliva,  and  by  its  stimulant  action  supports  the  heart,  thus  produc- 
ing a  good  facial  color  which  might  prove  to  be  deceptive. 

The  preliminary  administration  of  stimulants  may  be  necessary  in  cases  of 
shock,  exsanguination,  or  exhaustion  requiring  anaesthetics.  As  a  rule,  rectal 
stimulation  by  an  enema  of  salt  solution,  brandy,  and  coffee,  intravenous  infusion 
with  salt  solution,  or  alcoholic  stimulation  by  mouth  is  more  effective  in  these 
cases  than  the  liberal  use  of  hj^podermic  injections  of  strychnine,  digitalis,  etc. 

Certain  cases  of  cardiac  disease  may  require  a  course  of  treatment  by  appro- 
priate stimulants  for  several  weeks  before  the  administration  of  an  anaesthetic 
and  the  performance  of  the  oj^eration. 

Before  an  anaesthetic  is  administered,  the  history  of  the  patient's  pre\"ious 
anaesthesias,  if  any,  should  be  learned.  If,  for  example,  there  is  a  history  of 
marked  excitement  and  struggling  while  "going  under"  chloroform,  anaesthe- 
sia may  be  induced  by  gas  and  ether  and  excitement  thus  avoided.  If  much 
post-anaesthetic  sickness  has  followed  an  administration  of  ether,  it  may  be 
avoided  this  time  by  gi\'ing  nitrous  oxide  and  oxygen. 

The  anaesthetist  should  be  satisfied  regarding  the  state  of  the  heart  and 
arteries  and  of  the  lungs,  either  examining  them  hunself  or  receiving  the  as- 
surance of  the  doctor  in  charge  that  they  are  in  good  condition.  The  existence 
of  acute  bronchitis,  or  a  head  cold,  is  often  enough  to  cause  postponement  of 
anaesthesia,  and  the  patient  should  always  be  questioned  as  to  cough,  sore 
throat,  coryza,  etc.  Besides  this,  the  mouth  should  be  examined  for  the  pres- 
ence of  false  teeth,  enlarged  tonsils,  adenoids,  cleft  palate,  etc.;  the  nose  for 
enlarged  lower  turbinates,  de\iated  septum,  or  other  source  of  nasal  obstruc- 
tion; and  the  chest  expansion  should  be  tested  by  causing  the  patient  to  take 
a  full  breath.  In  this  way  we  can  prepare  for  any  existing  impediment  of 
breathing  and  for  any  danger  to  the  circulation.  Such  an  examination  usually 
reassures  a  patient  rather  than  frightens  him. 

The  itrine  must  be  examined  particularly  for  sugar,  albimiin,  or  casts  in 
the  sedhnent. 

It  is  unwise  to  administer  anaesthetics  to  patients  of  either  sex  except  in 
the  presence  of  a  third  person.  Men  may  become  ^iolent  and  require  restraint, 
and  the  erotic  dreams  and  e\il  intentions  of  women  have  given  rise  to  false 
accusations  and  legal  complications. 

Preparation   and  Equipment   of  the  Anaesthetist.— A  httle   care  in   the 
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preparation  and  equipment  of  the  an2esthetist  will  prevent  much  delay  and 
confusion  during  the  operation.  An  adequate  supply  of  whatever  anaesthetic 
agent  is  to  be  used  should  be  at  hand. 

All  apparatus  should  be  clean,  and  should  be  tested  before  using  to  make 
sure  that  it  is  in  working  order. 


Fig.  69. — Various  Forms  of  Mouth  Gags,  Tongue  Forceps,  etc. 


An  administration  should  never  be  started  without  a  gag  and  tongue  forceps 
being  at  hand.  There  are  many  forms  of  gags.  The  wedge  (Nos.  1  and  7,  Fig. 
69)  is  useful  for  prying  open  clenched  teeth.  Dr.  Bennett's  mouth-opening  gag 
is  also  serviceable  (No:  2,  Fig.  69).  Other  forms  of  gags  are  shown  in  Fig.  69 
(Nos.  8  and  9).  Tongue  forceps  should  be  made  in  such  a  manner  as  to  injure 
the  tongue  as  little  as  possible.  The  useful  forms  are  the  smooth-jawed  kind 
(Nos.  3  and  10,  Fig.  69)  or  the  tongue-piercing  kind  (No.  4,  Fig.  69).    If  pro- 


ANAESTHESIA  FOR   SURGICAL  PURPOSES.  177 

longed  drawing  forward  of  the  tongue  becomes  necessary  one  should  substitute 
for  the  forceps  a  silk  or  strong  catgut  suture  which  may  be  passed  through  the 
middle  of  the  tongue  by  a  glover's  needle  and  then  knotted. 

Mouth  props  or  bite  blocks  should  also  be  at  hand.  They  are  useful  in  all 
intra-oral  oj^erations  and  for  holding  open  the  mouth  when  nasal  obstruction 
exists  (5,  Fig.  69).  Two  pieces  of  rubber  tubing,  three-eighths  of  an  inch  in 
diameter  and  from  two  to  six  inches  long,  that  may  be  passed  along  the  floor 
of  the  nares  to  admit  air,  are  useful  in  nasal  obstruction  (6,  Fig.  69). 

A  small  basin  for  vomiting  during  or  after  operation  should  be  at  liand;  also 
a  moistened  towel  and  throat  sponges  wTung  out  in  warm  water.  The  throat 
should  not  be  wiped  out  \Nlth  dry  gauze  or  sponges,  as  it  may  brush  off  the 
epithelium  and  cause  phar^^lgitis. 

A  hypodermic  sjTinge  that  is  in  working  order,  and  tablets  or,  better  yet, 
fresh  solutions  of  strychnine,  digitahs,  cocaine,  adrenaUn,  brandy,  etc.,  should 
be  a  part  of  the  equipment,  but  should  not  be  used  too  readily.  Oxygen  and 
aromatic  spirits  of  ammonia  are  often  ser^^ceable. 

In  certain  operations — for  example,  intracranial  operations — it  may  l^e 
necessary  for  the  anaesthetist  to  steriUze  his  hands  and  apparatus  and  to  wear 
a  sterile  goANTi.  If  this  is  not  done,  great  care  should  be  taken  not  to  contam- 
inate the  field  of  operation  and  to  keep  the  hands  and  apparatus  as  clean  as 
possible. 

Except  in  large  hospitals,  where  smooth-running  trucks  and  plenty  of  as- 
sistants are  available,  it  is  preferable,  from  every  point  of  view,  to  arrange  the 
patient  comfortably  on  the  operating  table  and  there  to  begin  the  adminis- 
tration. Few  patients  ^^^ll  object  to  this  when  the  reasons  for  it  are  explained 
to  them.  In  these  cases  the  instruments  may  be  covered  and  the  surgeon 
and  his  assistants  keep  out  of  sight.  The  anaesthetizing  of  patients  at  a  dis- 
tance from  the  operating-room  is  undesirable  and  often  dangerous.  The  mov- 
ing and  jolting  during  transportation  prevent  a  smooth  anaesthesia  and  arouse 
the  tendency  to  vomiting  and  the  partial  recovery  of  consciousness.  Further- 
more, the  patient  will  be  kept  imder  the  anaesthetic  a  considerably  longer 
time  than  if  the  administration  had  been  started  on  the  table;  and  if  respira- 
tory difficulties — such  as  spasmocUc  arrest  of  respiration — should  occur  during 
transportation,  trouble  and  delay  in  treating  them  will  result. 

The  patient  should  be  made  as  comfortable  as  possible  on  the  table.  As 
many  pillows  as  required  should  be  allowed,  and  the  feet  and  chest  should  be 
well  covered.  A  small  pad  or  pillow  placed  at  the  small  of  the  back  will  pre- 
vent the  lame  back  that  so  frequently  follows  operations.  The  elbows  of  the 
patient  should  be  allowed  to  rest  on  the  table,  and  attendants  should  be  pre- 
vented from  WTapping  up  the  arms  in  such  a  way  as  to  constrict  the  chest 
and  prevent  free  expansion.  Anaesthetics  lower  the  body  temperature,  and 
therefore  patients  should  be  covered  sufficiently  to  protect  them  from  draughts 
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and  cold,  but  not  so  as  to  cause  sweating,  which  may  be  weakening  and  in- 
creases the  habiUty  to  catch  cold. 

Heaters  and  hot-water  bottles  placed  close  to  anaesthetized  patients  should 
be  carefully  wrapped  in  blankets  and  watched.  Unless  great  care  is  exercised 
it  is  better  to  dispense  with  them  altogether,  as  hot-water-bottle  burns  are  often 
serious  and  frequently  expose  the  attendants  to  suits  at  law  and  sometimes 
heavy  damages. 

It  is  very  important  to  reassure  the  patient  and  to  put  him  in  a  good  frame 
of  mind  before  starting  the  anaesthesia.  An  attendant  or  friend  may  be  allowed 
gently  to  hold  the  patient's  hand,  and  quiet  should  prevail  in  the  room.  Talk- 
ing, hurry,  confusion,  and  noise  of  any  kind  act  on  the  sensorium  of  a  semi- 
anaesthetized  patient  in  an  unfavorable  manner,  besides  often  preventing  the 
anaesthetist  from  hearing  the  respiration. 

In  order  to  reduce  to  a  minimum  the  length  of  anaesthesia,  the  order  to  be- 
gin it  should  not  be  given  until  the  surgeon  and  his  assistants  are  nearly  or 
entirely  ready  to  commence  operating. 


III.  ADMINISTRATION  OF  ANAESTHETICS. 

The  more  commonly  used  anaesthetic  agents  are  nitrous  oxide,  ethyl  chlor- 
ide, somnoforme,  ether,  chloroform,  and  mixtures  of  chloroform  and  ether. 

In  describing  the  administration  of  these  agents  the  essential  points  in  their 
chemistry,  physical  properties,  and  physiological  effects  will  be  considered; 
also  their  relative  safety  and  the  symptoms,  dangers,  and  after-effects  caused 
by  them. 

Nitrous  Oxide, 

Nitrous  oxide  is  sold  in  heavy  steel  cylinders  containing  the  gas  in  liquid 
form  and  imder  great  pressure.  When  it  is  Uberated  from  the  cyUnder,  conver- 
sion into  the  gaseous  form  takes  place,  with  the  production  of  intense  cold. 
This  often  interferes  with  the  working  of  the  apparatus,  the  outlet  of  the  cyl- 
inder or  the  tubing  becoming  plugged  with  frost.  English  cylinders  are  su- 
perior to  American  ones  in  that  they  are  made  so  as  to  lie  flat  on  the  gi-ound, 
the  gas  being,  liberated  with  the  foot,  by  means  of  a  toothed  key  (see  Fig.  72). 
They  are  sold  in  twenty-five-  or  fifty-gallon  sizes,  which  are  more  convenient 
for  transportation  than  the  one-hundred-gallon  size,  which  is  the  smallest  sup- 
plied by  American  dealers.  American  cylinders  have  to  be  worked  by  a  hand 
key  in  the  upright  position  and  thus  require  a  special  stand,  or  they  have  to 
be  held  by  an  assistant  (Fig.  70). 

Nitrous  oxide  is  a  colorless  gas,  heavier  than  air,  with  an  almost  impercep- 
tible taste  and  odor.  Cylinders  containing  it  will  explode  if  exposed  to  too 
high  a  temperature. 


ANESTHESIA  FOR  SURGICAL  PURPOSES. 


179 


Nitrous  oxide  is  a  true  anaesthetic  and  does  not  produce  its  effects  by 
asphyxia,  as  is  proved  by  its  achnistration  with  large  percentages  of  oxygen, 
which  prevents,  approximately,  at  least,  cyanosis,  jactitation,  and  other  asphyx- 


FiG.  70. — Bennett's  Gas  Inhaler. 


ial  symptoms,  and  yet  controls  the  patient.  It  cannot,  however,  be  breathed 
pure  for  more  than  fifty  or  sixty  seconds  without  producing  asphyxia.  It  in- 
creases the  rate  and  depth  of  respiration,  accelerates  the  heart's  action,  and 
causes  a  rise  in  blood  pressure.  If 
its  administration  be  pushed  to 
the  point  of  producing  true  as- 
phyxia, respiration  will  cease 
while  the  heart  continues  to  beat. 
Nitrous  oxide  used  as  a  pre- 
liminary to  ether,  or  for  short 
operative  procedures  requiring  a 
single  administration,  as  in  den- 
tistry, is  the  safest  ansesthetic 
known.  After  a  search  of  the 
literature    covering    a    period    of 

twenty-seven  years,  Hewitt  could  find  only  seventeen  cases  in  which  death 
had  been  due  to  nitrous  oxide.*  Combined  with  oxygen,  nitrous  oxide  is  even 
safer,  and,  according  to  Hewitt,  produces  the  safest  possible  form  of  anaesthesia. 

*  Hewitt's  "Administration  of  Anaesthetics,"  p.  227. 


Fig.    71. 


-Diagrammatic  View   of    Bennett's 
Gas  Inhaler. 
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But  the  continuous  inhalation  of  nitrous  oxide  with  air  or  oxygen  for  the 
longer  periods  of  time  required  by  major  surgical  operations  is  dangerous. 
Alarming  asphyxial  symptoms  may  develop  rapidly  and  deaths  have  been 
known  to  occur.  Bennett  says  of  this  form  of  anaesthesia  in  long  operations: 
"  It  seems  probable  that  its  general  adoption  would  lead  to  a  mortality  more 
nearly  approximating,  if  not  exceeding,  that  of  ether  or  chloroform."* 

Gas  is  so  easily  eliminated  from  the  lungs  that  in  order  to  be  effective  it 
must  be  made  partially  to  replace  the  air  in  the  lungs,  and  the  access  of  fresh 
air  to  the  lungs  should  be  prevented  during  the  first  few  inhalations.  The  prac- 
tical difficulty  is  not  from  giving  the  patient  too  much  gas,  but  from  allowing 
too  much  air,  thus  delaying  anaesthesia.  An  apparatus,  therefore,  must  be  so 
made  as  to  exclude  atmospheric  air  and  to  replace  the  air  in  the  lungs  with  gas. 
Such  are  Hewitt's  or  Bennett's  gas  inhalers. 

Bennett's  gas  inhaler  (Figs.  70  and  71)  consists  of: 

1.  The  metal  face-piece  (2)  with  inflatable  rubber  rim  (3)  to  exclude  air, 
and  aperture  A  to  admit  air. 

2.  The  gas  chamber  (5),  in  which  are  an  inspiratory  and  an  expiratory  valve, 
and  a  thumb-screw,  by  turning  which  they  may  be  thrown  out  of  action. 

3.  The  gas  bag  (6),  which  is  connected  by  a  tube  with  the  gas  cylinder, 
and  in  which  the  gas  is  confined  by  a  stop-cock  w^hich  at  the  same  time  opens 
the  air-tap  (7). 

Before  beginning  a  gas  administration,  difficulties  and  possible  failure  may 
be  avoided  by  the  habitual  observance  of  certain  precautions,  viz. : 

1.  Test  the  apparatus  and  make  sure  that  it  is  in  working  order. 

2.  Be  sure  that  the  cylinder  contains  enough  gas.  This  may  be  determined 
accurately  by  weighing  the  cylinder  and  comparing  its  weight  with  that  marked 
on  the  label  (i.e.,  weight  when  full),  or  roughly  by  percussing  the  cylinder  with 
some  heavy  metal  object.  Empty  cylinders  give  a  hollow  sound;  cylinders 
containing  gas,  a  liquid  sound. 

3.  Gas  should  be  cautiously  turned  on  from  newly  charged  cylinders,  as  it 
is  apt  to  come  with  a  rush,  frightening  the  patient  or  bursting  the  tube  or  the 
gas  bag.  It  is  well  to  blow  off  a  little  gas  from  a  newly  charged  cylinder  be- 
fore beginning  the  administration. 

4.  The  cylinder  connection,  which  connects  the  tube  leading  to  the  gas  bag 
with  the  cylinder,  should  be  firmly  screwed  in  place,  and  a  leather  washer  used 
at  the  mouth  of  the  cylinder  to  prevent  the  escape  of  gas  at  that  point. 

5.  Before  turning  on  the  gas  be  sure  that  the  stop-cock  leading  to  the  gas 
bag  is  open.     Otherwise  the  tube  will  be  blown  off  the  cyUnder  or  will  burst. 

6.  Always  keep  the  aperture  A  closed. 
Nitrous  oxide  may  be  administered : 
1,  Pure,  as  in  dentistry. 

*  New  edition  of  "Reference  Handbook  of  Medical  Sciences,"  vol.  iii.,  p.  10. 
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2.  With  air  or  oxygen,  as  in  the  longer  operations  of  surgery. 

In  a  simple  administration  of  gas  with  the  Bennett  inhaler,  the  technique 
is  as  follows :  *  "  The  tap  being  fully  opened,  the  bag  is  filled  with  gas  from  the 
cylinder  through  the  rubber  tube  suppUed  with  the  inhaler.  Aperture  D 
should  be  fully  opened.  The  rubber  rim  of  the  face-piece  should  be  mode- 
rately inflated.  The  face-piece  should  be  appUed  so  perfectly  that  the  valves 
act  well,  the  inspired  air  entering  at  E  and  the  expirations  escaping  at  D. 
Upon  closing  the  tap  E,  gas  will  be  drawn  from  the  bag  on  inspiration,  escap- 
ing at  D  on  expiration.  As  soon  as  the  inhalation  begins,  a  flow  of  gas  suffi- 
cient to  keep  the  bag  moderately  full  should  be  turned  on  from  the  cyhnder.'' 
The  patient  will  now  be  inspiring  gas  through  the  insph'atory  valve,  and  expir- 
ing gas  plus  air  through  the  expiratory'  valve  into  the  air,  so  that  an  increased 
amount  of  gas  is  constantly  entering  and  more  air  constantly  lea\'ing  the  lungs, 
pro^'ided  the  face  piece  is  so  i^erfectly  appUed  as  to  exclude  all  atmospheric  air. 

At  the  end  of  from  fifty  seconds  to  two  minutes,  varying  with  the  patient 
and  the  anaesthetist,  signs  of  gas  anccsthesia ,  compUcated  with  those  due  to 
limitation  of  air,  will  appear.     These  are : 

1.  Rapid  deep  and  stertorous  respiration )  „.  , 

^  ^  ^  (Signs  of  gas 

2.  Rapid  pulse -  . ,     • 

*^     y       ..  \      anaesthesia. 

3.  Dilated  pupil ' 

4.  More  or  less  evanosis 1  t-i      ^ 

r  Due  to 
o.  Jactitation 


6.  Clonic  movements  of  the  extremities. 


i      anoxaemia. 


If  too  little  gas  has  been  given,  all  these  signs  will  be  less  marked,  and 
excitement,  with  struggling  and  niild  delirium,  may  occur,  whence  the  term 
"laughing-gas." 

If  too  much  gas  and  too  Uttle  air  has  been  given,  the  breathing  will  become 
very  rapid,  jerky,  and  loudly  stertorous ;  cyanosis  would  become  intense ;  pulse 
very  rapid  and  of  poor  quaUty;  and,  if  the  administration  were  continued  with- 
out air,  the  respiration  would  cease,  the  pulse  continuing  to  beat. 

In  a  simple  gas  achninistration,  when  signs  of  anaesthesia  appear,  the  face- 
piece  should  be  removed  and  the  operation  begun,  or  ether  should  be  substi- 
tuted according  to  the  purpose  of  the  administration.  The  period  after  the 
withdrawal  of  the  face-piece,  during  which  oj^erative  procedures  may  be  con- 
tinued, is  known  as  that  of  available  anaesthesia,  and  varies,  according  to 
Hewitt,  from  fifteen  to  forty-five  seconds. 

Should  signs  of  asphj-xia — i.e.,  cyanosis  and  jactitation — develop  too  early 
the  jTnay  be  delayed,  and  the  period  of  available  anaesthesia  usually  prolonged, 
by  closing  aperture  D,  thiLS  throwing  the  valves  out  of  action  and  allowing  the 
patient  to  breathe  to  and  fro  into  the  bag  a  mixture  of  gas  plus  the  residual 
air  in  the  lungs. 

*  Directions  from  circular  that  accompanies  inhaler,  slightly  modified. 
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The  accidents  which  may  occur  with  nitrous  oxide  are  usually  entirely  re- 
spiratory, the  heart  continuing  to  beat  after  respiration  is  arrested.  The  treat- 
ment for  this  condition  is  to  open  the  mouth,  draw  forward  the  tongue,  and, 
if  necessary,  perform  artificial  respiration. 

Patients  usually  recover  consciousness  from  gas  in  from  twenty  to  fifty 
seconds.  The  return  to  consciousness  is  abrupt  and  they  are  at  once  clear- 
headed and  normal.  There  is  rarely  any  nausea  or  vomiting.  Slight  head- 
ache and  dizziness  are  not  uncommon.  Temporary  glycosuria  has  been  known 
to  follow  the  administration  of  nitrous  oxide.  As  a  rule,  however,  nitrous 
oxide  is  followed  by  no  post-anresthetic  sickness. 


Nitrous  Oxide  and  Air;  Nitrous  Oxide  and  Oxygen, 

The  continuous  administration  of  gas  with  varying  amounts  of  air  or  oxy- 
gen has  lately  been  practised  by  EngUsh  and  American  anaesthetists,  who  have 
recorded  administrations  lasting  from  half  an  hour  to  two  hours  in  major  surgi- 
cal operations. 

In  certain  selected  cases  a  skilful  anaesthetist  can,  especially  with  gas  and 
oxygen,  produce  a  perfectly  non-asphyxial  form  of  anaesthesia  without  cyano- 
sis, jactitation,  or  clonic  movement,  and  with  a  certain  amount  of  muscular 
relaxation. 

The  disadvantages  of  this  method  are  its  danger  when  used  in  long  opera- 
tions, the  high  degree  of  skill  required  to  produce  satisfactory  anaesthesia,  the 
complicated  and  cumbersome  apparatus,  the  large  quantity  of  the  gases  used, 
and  the  very  rapid  recovery  of  consciousness  with  consequent  post-operative 
pain.  The  form  of  anaesthesia  which  is  thus  produced  is  so  essentially  light 
that  certain  patients,  such  as  athletes,  alcoholics,  plethoric  and  obese  people, 
cannot  be  properly  controlled;  and,  in  fact,  muscular  relaxation  is  difficult  to 
produce  even  in  the  most  favorable  subjects. 

The  advantages  are  the  rapid  recovery  and  absence  of  post-anaesthetic  sick- 
ness, irritation  of  the  lungs  or  kidneys,  and  strain  on  the  heart  and  circulation. 

It  is  useful,  therefore,  in  certain  forms  of  pulmonary,  cardiac,  and  renal 
disease  and  in  cases  which  have  had  severe  post-anaesthetic  sickness  following 
the  administration  of  ether  or  chloroform. 

It  should  never  be  undertaken  by  any  but  a  thoroughly  skilled  anaesthetist. 

Gas  and  Air. 

For  the  administration  of  gas  and  air  a  Bennett  gas  inhaler  may  be  used. 
Anaesthesia  is  induced  as  described  for  a  simple  gas  administration,  but,  instead 
of  removing  the  inhaler  when  ana'sthesia  is  complete,  the  administration  is 
continued,  an  effort  being  made  to  admit  enough  air  to  dispel  asphyxial  symp- 
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toms.  Air  is  admitted  either  continuously  by  keeping  aperture  A  slightly 
open,  or  intermittently  by  widely  opening  aperture  E  for  one  or  two  inspira- 
tions when  cyanosis  or  other  signs  of  anoxaemia  begin  to  appear.  It  is  ob\i- 
ously  difficult  to  admit  enough  air  to  avoid  signs  of  asphyxia  and  at  the  same 
time  keep  the  patient  properly  controlled  by  nitrous  oxide.  Still,  in  favor- 
able subjects,  such  as  ischapmic  middle-aged  women 
or  men,  a  tolerable  form  of  anaesthesia  may  be  pro- 
duced, although  muscular  relaxation  usually  does  ^ 
not  occur. 

Gas  and  Oxygen. 


./ 


The  form  of  anaesthesia  resulting  from  gas  and 
oxygen  is  much  more  satisfactory,  and  in  favorable 
subjects  a  condition  resembling  normal  sleep  may 
be  produced. 

The    apparatus  used   is  the  one   perfected  by 
Hewitt  in  1894  (Fig.  72).     It  consists  of  a  set  of 
three  cylinders — two  of  nitrous  oxide  and  one  of 
oxygen.     From  the  cylinders   the  gases  are  liber- 
ated by  foot  keys  into  separate  rubber  tubes  lead- 
ing  to  separate  partitions   of  a 
large  rubber  bag — one  partition 
for  oxygen,  the  other  for  nitrous 
oxide.      From  its  partition  the 
ox}'gen  passes  (1)  to  an  oxygen 
chamber,  whence  by    the  regu- 
lating stop-cock  it  is  admitted 
(2)   in  definite  amounts   to  the 
r^.ixing  chamber,  where  it  min- 
gles (3)  ^"ith  the  nitrous  oxide 
which  has  passed  from  its  parti- 
tion of  the  bag  directly  to  the 
mixing  chamber.     From  here  it 
passes    (4)   into    the    face-piece 
and  is  breathed  by  the  patient. 

In  an  administration  with  this  apparatus  the  procedure  is  as  follows: 

Enough  of  the  two  gases  to  fill  each  half  of  the  bag  about  two-thirds  full 
is  turned  on.  A  more  or  less  constant  stream  of  nitrous  oxide  will  be  necessary, 
but  an  occasional  turn  of  the  oxygen  key  will  keep  the  oxygen  side  of  the  bag 
two-thirds  full. 

With  the  indicator  pointing  to  "Air"  the  face-piece  is  accurately  appUed 


Fig.  72. — Hewitt's  Nitrous  Oxide  and  Oxygen  Appara- 
tus. (Thomas  L.  Bennett,  in  "  Reference  Handbook  of 
the  Medical  Sciences.")  A,  Face-piece  with  inflatable 
edge;  B,  expiratorj-  valve;  C,  air-tap  for  inspiration 
when  the  gas  is  cut  off ;  D,  lever  by  which  gas  and  oxygen 
are  turned  on;  E,  special  stop-cock  for  turning  on  more 
oxygen  than  is  controlled  by  lever  D;  F,  index  showing 
proportion  of  oxygen  from  1  to  10;  G,  double  bag,  one  side 
for  gas,  the  other  for  oxygen ;  H,  double  tube  (one  within 
the  other) ;  /,  cyUnders  of  gas  and  oxygen. 
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and  the  patient  breathes  air  through  valves  which  should  be  heard  to  work 
with  a  sharp  click.  The  indicator  is  then  turned  to  "N^O"  and  afterward  to 
"O2."  "Og"  means  that  approximately  two  per  cent  of  oxygen  is  mixing 
with  the  nitrous  oxide  in  the  mixing  chamber,  the  oxygen  entering  the  mixing 
chamber  from  the  oxygen  chamber  through  a  series  of  ten  small  apertures,  two 
of  which  are  now  opened  by  the  regulating  stop-cock. 

In  two  or  three  minutes  complete  ansesthesia  will  result.    The  signs  of  this  are : 

Rhythmical,  softly  stertorous  breathing; 

Dilated  pupil  with  loss  of  conjunctival  reflex; 

Fixed  eyeballs; 

More  or  less  muscular  relaxation. 

If  too  little  oxygen  is  given,  cyanosis,  jerky  and  loudly  stertorous  respira- 
tion, and  clonic  movements  of  the  extremities  will  result. 

If  too  much  oxygen  is  given,  signs  of  excitement,  movements  of  the  extremi- 
ties, phonation,  or  active  delirium  may  occur,  with  other  signs  of  recovery  from 
the  ansesthesia. 

More  oxygen  may  be  admitted  by  moving  the  indicator  to  3,  4,  5,  etc., 
up  to  10",  when,  by  a  supplementary  stop-cock,  an  additional  ten  or  twenty 
per  cent  of  air  may  be  admitted. 

During  the  administration  enough  oxygen  should  be  given  to  do  away  with 
cyanosis,  etc.,  but  not  enough  to  counteract  the  anaesthetic  effect  of  the 
nitrous  oxide. 

A  favorable  subject,  under  gas  and  oxygen  ansesthesia,  should  show  a  nor- 
mal or  slightly  heightened  color,  soft  or  slightly  snoring  breathing,  and  mus- 
cular relaxation.  It  is  difficult  for  any  but  an  expert  to  maintain  an  even  an- 
sesthesia, owing  to  the  rapid  changes  that  follow  too  much  or  too  little  of  either 
gas  or  oxygen.  Any  jolting  or  moving  of  the  patient  when  anaesthetized  will 
markedly  disturb  the  administration.  The  administration  should  be  started, 
therefore,  not  only  on  the  operating  table,  but  in  the  position — lithotomy  or 
Sims,  for  example — in  which  the  operation  is  to  be  performed. 

Recovery  is  usually  rapid,  patients  recovering  complete  and  normal  con- 
sciousness in  from  one  and  a  half  to  two  minutes.  There  is  usually  no  post- 
ansesthetic  sickness,  although  nausea  and  vomiting  occur  more  frequently  than 
after  gas  and  air,  probably  owing  to  the  mucus  and  saliva  sometimes  produced. 

On  the  average,  one  hundred  and  fifty  gallons  of  nitrous  oxide  and  fifty  gal- 
lons of  oxygen  per  hour  would  be  used,  so  that  the  cost  of  ansesthesia  by  gas 
and  air  or  gas  and  oxygen  is  considerable. 

Ether. 

Ether  is  a  very  volatile  and  inflammable  liquid,  with  a  pungent  odor,  a 
burning  taste,  a  low  boiling-point  (95°  F.),  and  a  specific  gravity  of   .720. 
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For  anaesthesia  the  purest  ether  obtainable  should  be  used.  It  is  sold  in  her- 
metically sealed  tin  cans  and  it  is  best  to  purchase  the  small  sizes  containing 
100  gm.  or  250  gni.  These  should  be  opened  only  as  required,  should  be  kept 
tightly  corked  and  away  from  heat  or  sunUght.  Ether  should  not  be  opened 
witliin  ten  feet  of  an  open  flame,  and,  when  the  cautery  is  in  use  at  an  opera- 
tion, the  ether  inhaler  should  be  covered  with  a  wet  towel. 

Ether  is  a  powerful  cardiac  and  respiratory  stimulant.  When  inhaled  its 
fumes  are  irritating  to  the  mucous  membrane  of  the  respiratory  passages, 
causing  coughing,  secretion  of  mucus,  and  more  or  less  hy|Derapmia  with  con- 
sequent swelUng  of  the  mucous  membrane.  Ether  accelerates  the  heart's 
action  and  causes  a  rise  of  blood  pressure.  Prolonged  etherization  diminishes 
the  amount  of  hsemoglobin  in  the  blood  and  also  lowers  the  body  temperature. 
During  the  early  stages  of  etherization  the  respiration  is  rapid,  deep,  and 
stertorous;  the  whole  circulation  is  stimulated,  and  there  is  often  seen  on  the 
neck  and  chest  a  mottled  appearance  due  to  capillary  turgescence  and  known 
as  "ether  rash."  This  is  physiological  and  cUsappears  as  anaesthesia  deepens. 
Sweating  is  common  during  ether  anaesthesia.  Ether  is  irritating  if  allowed 
to  evaporate  rapidly  upon  the  skin,  causing  destruction  of  the  epidermis,  the 
lesions  being  known  as  "  ether  bums."  During  the  hghter  degrees  of  ether  anaes- 
thesia a  general  tremor  of  the  body,  known  as  an  "  ether  chill,"  may  be  observed. 
It  is  without  special  significance. 

Prolonged  inhalation  of  ether  causes  irritation  of  the  kidneys,  as  shown  by 
post-operative  albumin  in  the  urine. 

WTien  administered  by  rectum,  ether  seems  in  some  cases  to  cause  bloody 
diarrhoea  and  serious  collapse. 

In  ether  accidents  the  heart  usually  continues  to  beat  after  the  respiration 
has  ceased. 

0\NTng  to  its  stimulating  effect  upon  the  heart  and  respiratory  centre,  ether 
is  a  safe  anaesthetic.  Except  in  diseases  like  diabetes.  Bright 's  disease,  uncom- 
pensated heart  disease,  certain  limg  diseases,  empyema,  etc.,  ether,  even  in 
unskilled  hands,  is  not  especially  dangerous.  Statistically,  Hewitt  places  its 
death-rate  as  one  in  sixteen  thousand,  making  it  less  safe  than  nitrous  oxide, 
five  times  safer  than  chloroform,  safer  than  mixtures  of  chloroform  and  ether, 
and  safer  than  ethyl  chloride  or  somnoforme. 

Owing  to  its  low  boiling-point  and  volatility,  ether  is  rapidly  eliminated  from 
the  lungs  and  is  therefore  usually  administered  with  more  or  less  hmitation  of 
air. 

Owing  to  the  fact  that  the  fumes  of  ether  are  considered  very  disagreeable 
to  inhale  by  most  patients,  it  is  rare,  except  in  a  country  practice,  that  ether 
is  employed  for  the  induction  of  anaesthesia.  Usually  gas,  chloroform,  ethyl 
chloride,  or  some  more  pleasant-smelling  agent  is  used  until  the  patient  be- 
comes unconscious,  and  then  ether  is  substituted. 
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Methods  of  Administering  Ether.— Ether  may  be  administered  by : 

1.  The  open  method; 

2.  The  semi-open  method; 

3.  The  close  method  (these   three  methods  being  thus  designated  accord- 
ing to  the  amount  of  air  Umitation  practised) ;  and 

4.  By  rectum. 

1.  The  Open  Method. — In  the  open  method  ether  is  poured  drop  by  drop  on 
a  towel,  folded  gauze,  or  chloroform  mask,  with  no  attempt  at  air  limitation. 


Fig.  73. — Greene's  Thermo-ether  Inhaler. 


Any  form  of  drop-bottle  may  be  used,  or  a  gauze  wick  two  or  three  inches 
long  may  be  inserted  along  the  cork  of  an  ordinary  ether  can,  this  contrivance 
making  a  good  dropper.    Ether  must  be  dropped  slowly  at  first,  after  two  or 
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three  minutes  more  rapidly,  and,  when  the  stage  of  excitement  or  struggling  is 
reached— say,  in  from  five  to  six  minutes, — a  free  dropping  should  be  kept  up. 
\\Tien  anaesthesia  is  complete,  i.e.,  m  from  six  to  ten  minutes,  a  steady  drop- 
ping of,  say,  thirty  to  fifty  drops  a  minute  may  be  kept  up  for  five  minutes, 
and  then  just  enough  should  be  given  properly  to  control  the  patient. 

This  method  is  applicable  chiefly  to  children  and  feeble  subjects.  It  may 
fail  to  control  strong  and  full-blooded  patients.  The  constant  dropping  tends 
to  produce  an  even  ansesthesia,  and  the  free  air-supply  prevents  cyanosis. 

The  disadvantages  of  the  method  are:  Tliat,  o^xing  to  the  extreme  vola- 
tility of  ether,  most  patients  cannot  be  properly  controlled  even  when  enor- 
mous quantities  are  used;  that  the  large  amount  of  ether  necessary  fills  the 
room  \nih  its  fumes;  that  much  ether  is  wasted;  and,  finally,  that  the  recov- 
ery of  the  patient  is  not  apt  to  be  so  satisfactory  and  so  free  from  post-anses- 
thetic  sickness  as  it  would  be  after  a  skilful  administration  by  the  close  method. 

The  administration  of  ether  by  Greene's  thermo-ether  inhaler*  (Fig.  73)  may 
be  called  a  form  of  the  open  method,  inasmuch  as  no  air  limitation  is  attempted. 
It  is  useful  in  prolonged  operations  about  the  nose  and  mouth,  or  in  any  opera- 
tion about  the  head  where  the  surgeon  requires  to  work  without  interruption 
by  the  frequent  removal  and  reapplication  of  an  inhaler.  The  apparatus  con- 
sists of  a  glass  ether  bottle  (1)  holding  about  one  pint,  which  is  placed  in  a 
brass  double  cylinder  (2)  containing  water.  The  water  in  the  inner  cylinder 
and  surrounding  the  ether  bottle  is  heated  to  110°  F.,  that  in  the  outer  cylin- 
der to  150°  F.  (65.5°  C).  In  this  manner  the  ether  is  vaporized  rapidly  and 
its  strength  increased.  A  rubber  tube  is  attached  to  a  small  foot  pump  (3) 
and  is  led  through  the  stopper  of  the  ether  bottle  to  within  one  inch  of  the 
bottom  {i.e.,  is  immersed  in  ether).  At  about  its  middle  this  afferent  tube  is 
expanded  into  a  dilatable  rubber  bag  (4),  which  is  kept  distended  by  the  foot 
pump  in  order  to  maintain  constant  air  pressure.  Another  tube  (5)  leads  from 
the  ether  bottle  to  the  patient  and  ends  in  a  bent  hard-rubber  mouth-tube  with 
an  automatically  closing  stop-cock  (6).  Air  from  the  foot  pump  distends  the 
rubber  bag,  which  in  turn  forces  it  through  the  ether  in  the  bottle.  There  it 
mixes  with  ether  vapor  and  is  carried  to  the  patient's  mouth  by  the  efferent 
tube.  The  stop-cock  allows  ether  vapor  to  be  breathed  only  during  inspira- 
tion. Before  the  apparatus  is  used,  the  patient  should  be  deeply  anaesthetized 
by  ordinary  methods;  other\^-ise  the  strong  vapor  from  the  thermo-inhaler  will 
cause  reflex  coughing.  Once  well  started,  however,  profound  anaesthesia  can 
be  maintained  and  prolonged  operations  done  without  interruption. 

2.  The  Semi-Open  Method. — In  this  method  one  of  the  various  forms  of 
semi-open  inhalers  is  used.  These  limit  the  air  supply  more  than  is 'the  case 
in  the  open  method,  though  not  so  much  as  in  the  closed  method. 

Rendle's   mask  (English)   and  Allis'  inhaler  (American)  are   well-kno'VMi 

♦Boston  Med.  and  Surg.  Jour.,  vol.  cxhnii.,  No.  18,  pp.  470  and  471,  April  30th,  1903. 
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forms  of  a  semi-open  inhaler.  An  ordinary  ether  cone  properly  made  of  towel, 
gauze,  and  pasteboard  is  an  excellent  form  of  semi-open  inhaler,  being  clean, 
pliable,  and  close-fitting  (Figs.  74  and  75). 

Actual  Administration  of  the  Semi-open  Method.— As  far  as  any  one  method 
may  be  said  to  be,  the  administration  of  ether  by  the  semi-open  method  is 
the  most  generally  useful  as  well  as  the  safest  and  most  practical  method  of 
anaesthetizing.  "When  general  practitioners  or  persons  unskilled  in  the  use  of 
anaesthetics  are  called  upon  to  give  ether  this  will  usually  be  the  method  em- 
ployed. A  detailed  description  of  such  an  administration  will  therefore  be 
given.  Obviously,  certain  of  these  details  apply  also  to  the  administration  of 
other  anaesthetics,  notably  of  chloroform  and  its  mixtures. 


1 

/ 

1 

ijnugg 

Fig.  74. — Massachusetts  General  Hospital  Ether  Cone. 


Humanely  to  induce  complete  anaesthesia  by  ether  it  is  well  to  allow  ten 
minutes  for  most  cases. 

Having  secured  absolute  quiet  in  the  room,  and  avoiding  all  appearance  of 
hurry  and  confusion,  pour  a  small  dose  of  ether  directly  upon  the  gauze  at  the 
top  of  the  cone,  and  hold  it  six  or  eight  inches  from  the  patient's  face,  encour- 
aging him  to  breathe  freely  and  naturally  through  the  mouth  or  nose  or  both. 
The  patient  should  not  be  told  to  take  deep  breaths  at  first,  as  this  will  provoke 
coughing,  the  secretion  of  mucus,  and  salivation.  As  the  patient  becomes 
more  accustomed  to  the  vapor,  the  inhaler  should  be  moved  nearer  the  face, 
ether  being  added  frequently  in  small  doses  but  not  allowed  to  wet  the  edges 
of  the  inhaler  where  it  comes  in  contact  with  the  face,  as  this  might  cause 
"ether  burns," 

At  the  end  of  from  four  to  six  minutes,  if  the  achninistration  has  been 
steadily   continued,  excitement,  struggling,  or   delirium  will  occur.     This  is 
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known  as  the  "stage  of  excitement."  It  ma}'  be  possible,  if  the  patient  be  not 
restrained  in  any  way,  to  a^'oicl  struggling  by  carefullj'  and  steadily  increasing 
the  strength  of  the  vapor,  which  should  still  be  well  diluted  ^^•ith  air.  If,  how- 
ever, the  patient  be  held,  he  may  misinterpret  tliis  as  the  signal  for  violence 
and  resist.  If  it  seems  impossible  to  avoid  resistance  the  patient  should  be 
properly  restrained,  to  do  which  requires  three  persons,  as  a  rule.  The  anaes- 
thetist with  his  elbows  on  the  table  holds  the  patient's  head  between  his  fore- 
arms, controlling  the  inhaler  ^ith  liis  hands;  one  attendant  controls  the  arms 
by  grasping  the  wrists:  another  the  legs  by  holding  do\\Ti  the  knees. 

A  large  dose  of  ether  should  now  be  given  and  more  air-Hmitation  practised 
until  the  patient  is  forced  into  complete  anaesthesia,  the  signs  of  which  are 


Fig.  75. — Massachusetts  General  Hospital  Ether  Cone;   top  N-iew.     Semi-open  method. 

regular  and  stertorous  breathing,  muscular  relaxation,  moderately  dilated  pupil, 
and  absent  conjunctival  reflex. 

A  flat  pillow  is  well  suited  for  the  support  of  the  patient's  head,  which 
should  now  be  turned  to  one  side  and  kept  in  this  position  throughout  the 
anaesthesia  and  during  the  recovery  period  until  the  return  of  the  cougliing 
and  the  swallo\\'ing  reflex.  This  is  important,  because  with  the  head  in  this 
position  respiration  is  more  efficiently  performed,  the  tongue  tending  to  fall 
forward  and  away  from  the  pharynx,  and  the  danger  of  inhaling  mucus,  saliva, 
and  vomitus  being  avoided  by  the  free  escape  which  this  position  of  the  head 
affords.     The  head  should  be  neither  hyperextended  nor  flexed. 

To  produce  good  breathing  it  may  or  may  not  be  necessary'  to  hold  forward 
the  jaw.  If  breathing  is  good,  i.e.,  if  inspiration  and  expiration  are  ample  and 
if  obstructive  stertor  is  absent,  no  jaw-holding  is  necessary.  But  if  the  breath- 
ing is  poor,  the  jaw  may  be  held  forward  either  from  behind  or  by  a  finger  on 
the  point  of  the  jaw,  thus  pulHng  the  base  of  the  tongue  awaj'  from  the  pharju- 
geal  wall.  If  undue  force  be  exercised  in  pressing  the  jaw  forward,  pain  and 
a  sense  of  lameness  will  be  caused  by  the  act  at  the  seat  of  pressure. 


190  AMERICAN  PRACTICE  OF  SURGERY. 

The  patient's  shoulders  should  be  depressed  to  straighten  the  neck,  and  the 
elbows  should  be  allowed  to  rest  on  the  table  to  favor  free  expansion  of  the 
chest. 

When  the  anaesthesia  is  once  complete  it  should  be  maintained  by  frequently 
adding  small  doses  of  ether  rather  than  by  pouring  on  large  ones  when  the 
patient  shows  signs  of  recovery.  The  signs  of  recovery,  or  of  the  patient's 
becoming  "light"  (lightly  anaesthetized),  are:  The  breathing  becomes  slower, 
irregular,  and  less  audible,  and  there  is  occasional  sighing;  the  corneal,  con- 
junctival, and  pupillary  reflexes  become  active,  and  lachrymation  occurs;  the 
swallowing  reflex  returns  and  will  be  followed  by  retching,  which  is  likely  to  go 
on  to  vomiting. 

If  the  operation  does  not  require  profound  anaesthesia  and  complete  mus- 
cular relaxation,  an  effort  should  be  made  to  keep  the  patient  "  lightly  under," 
i.e.,  with  tranquil,  noiseless  breathing  and  active  eye  reflexes.  As  far  as  any 
specific  directions  can  be  given  for  doing  this,  they  are :  Keep  the  inhaler  closely 
appUed  to  the  face,  and  add  small  doses  of  ether  at  frequent  intervals. 

When,  however,  deep  anaesthesia  is  required,  as  in  laparotomies,  care  should 
be  taken  not  to  over-etherize  the  patient.  The  signs  of  over-etherization 
are: 

Respiration  becomes  gasping,  with  short  inspiration  and  prolonged  expira- 
tion ;  the  pupil  is  widely  dilated  and  does  not  react  to  light ;  the  corneal  and 
conjunctival  reflexes  are  absent;  the  general  appearance  is  bad,  with  pallor  or 
marked  cyanosis;  the  pulse  is  rapid  and  thready. 

In  estimating  the  profoundness  of  the  anaesthesia  the  respiration  is  the 
most  important  guide.  It  varies  with  the  amount  of  the  anaesthetic  admin- 
istered and  also  undergoes  reflex  changes  due  to  the  operative  procedure.  For 
example,  the  respirations,  being  tranquil  and  inaudible,  may  become  rapid, 
deep,  and  stertorous  as  soon  as  operative  procedures  are  begun.  This  is  "re- 
flex breathing"  and  should  be  considered  in  judging  the  sound  of  respiration. 
In  general,  the  greater  the  amount  of  anaesthetic  administered  the  more  rapid 
the  rate  and  the  greater  the  depth  and  stertor  of  the  respiration. 

The  pupil  is  of  some  importance  in  estimating  the  depth  of  the  anaesthesia. 
A  dilated  pupil  that  does  not  react  to  Ught  usually  indicates  deep  anaesthesia, 
but  the  pupil  may  also  be  dilated  and  fixed  in  hght  anaesthesia.  In  this  latter 
case  it  is  due  to  the  reflex  effect  of  the  operation  and  would  contract  with  the 
addition  of  more  ether,  besides  being  associated  probably  with  an  active  corneal 
and  conjunctival  reflex.  In  the  first  instance,  however,  the  corneal  and  con- 
junctival reflexes  would  be  absent,  and  the  addition  of  more  ether  would  still 
further  dilate  the  pupil. 

As  anaesthesia  deepens,  the  conjunctival  reflex  first  disappears  and  then  the 
corneal  reflex. 

The  eye,  however,  should  not  be  relied  upon  too  much,  and  the  above  re- 
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flexes  should  always  be  considered  in  conjunction  with  the  breathing,  the  gen- 
eral appearance,  the  pulse,  etc.,  in  estimating  the  patient's  condition. 

The  conjunctival  and  corneal  reflexes  should  be  tested  seldom,  and  then  as 
lightly  and  carefully  as  possible,  in  order  not  to  infect  the  conjunctiva  and 
not  to  brush  off  the  corneal  epithehum.  After  testing  them  the  upper  lid 
should  be  held  closed  for  a  moment  to  wash  away  any  possible  infection. 

The  pulse  during  etherization  should  not  take  the  anaesthetist's  attention 
from  the  respiration.  It  may  be  taken  at  the  temporal,  the  facial,  ^v  the  ra- 
dial artery,  and  counted  by  the  quarter  or  half  minute,  and  report-  '  unduly 
rapid  or  of  poor  quality.  If  shock  or  hemorrhage  occurs,  however,  careful 
watch  of  the  pulse  must  be  kept.  It  is  well  to  have  a  capable  attendant  do 
this,  in  order  that  the  anaesthetist  may  give  his  whole  attention  to  the  breath- 
ing and  to  the  administration  of  the  ana?sthetic. 

^'omiting  occurring  during  anaesthesia  will  usually  be  preceded  by  the  above- 
mentioned  signs  of  recovery.  By  the  addition  of  more  ether  an  effort  should 
be  made  gradually  to  aboUsh  this  reflex,  but  if  it  fails  the  head,  if  otherwise 
placed,  should  be  turned  to  one  side,  the  mouth  and  throat  sponged  out,  and, 
during  the  first  pause  in  the  emesis,  fresh  ether  should  be  added  on  a  clean 
inhaler  if  the  first  has  been  soiled. 

The  presence  of  mucus  in  increased  amoimt  during  etherization  may  inter- 
fere with  respiration,  although  this  seldom  happens  if  atropine,  or  morphine 
combined  \nth  atropine,  has  been  given.  The  treatment  is  to  turn  the  head  to 
one  side,  to  press  the  jaw  forward,  and  to  place  a  gauze  drain  in  the  lower  cheek 
to  pro%'ide  free  drainage  for  the  mucus.  The  throat  may  be  sponged  out, 
although  this  seldom  does  any  permanent  good.  In  extreme  cases  it  may  be 
necessary  to  stop  etherization,  turn  over  the  patient  to  cause  escape  of  the 
mucus,  and  then  resmne  the  administration  with  chlorofomi  or  a  mixtm-e  con- 
taining this  drug. 

As  the  operation  progresses,  less  and  less  ether  should  be  used,  the  anaes- 
thesia being  so  graded  that  when  the  last  stitch  is  taken  the  patient  will  be 
showing  signs  of  recovery.  The  administration  should  not  be  stopped  so  early 
that  retching  and  vomiting  will  aimoy  the  surgeon,  but  it  should  be  unneces- 
sary to  leave  the  patient  snoring  in  profoimd  anaesthesia  when  the  operation 
is  finished. 

The  Close  Method. — The  administration  of  ether  by  the  close  method  was 
introduced  by  Mr.  Clover,  a  London  anaesthetist,  in  1876.  In  it  an  extreme 
degiee  of  air-Umitation  is  practised,  just  enough  air  being  allowed  to  keep  the 
blood  oxygenated  and  the  facial  color  good.  The  inhalers  used  are  fitted  with 
rubber  bags  wiiich  act  as  reservoirs  for  ether  vapor  and  from  which  this  vapor 
is  breathed,  air  being  admitted  continuously  or  intermittently  to  mingle  with 
the  ether  vapor. 

Familiar  types  of  closed  inhalers  are  Clover's  or  Ormsby's  (EngUsh)  and 
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Bennett's  (American)  (Fig.  76).     The  latter  being  taken  as  a  type,  the  follow- 
ing is  the  technique  of  an  administration  by  this  method : 
Bennett's  ether  inhaler  consists  briefly  of — 

1.  The  metal  face-piece,  'uith  aperture  A  for  the  admission  of  air,  and  an 
inflatable  rubber  rim  for  the  exclusion  of  air. 

2.  The  ether  chamber  containing  a  wire  cage,  which  is  packed  with  gauze  to 
be  saturated  with  ether.     Running  through  the  cage  is  an  air-shaft.     When  the 

index  on  the  outside  of  the  ether 
r...  1  ^,=;^s,=_  chamber  is  at  ''Air"   the  ether   is 

shut  off  and  air  is  breathed  through 
the  air-shaft. 

3.  The  bag  fitting  upon  the  ether 
^feL"        U   f^  I  \1\         ?    1  lllW      chamber  and  having  an  air-tap,  C. 

The  technique  of  the  administra- 
tion follows  in  the  words  of  the  circu- 
lar that  accompanies  each  inhaler : 


Fig.  76. — Ether  Inhaler. 


Ether  Inhaler. — Take  the  ether 
chamber  apart  by  removing  the 
thumb-screw.  Pack  the  wire  cage 
(in  situ)  firmly  with  dry  gauze.  It  will  hold  a  piece  one  yard  wide  and  ten  or 
twelve  inches  long.  Do  not  allow  the  ends  of  the  gauze  to  interfere  with  the 
mechanism  of  the  inhaler.  Turn  the  index  to  the  upward  limit  (full  ether) 
and  pour  from  one-half  to  one  ounce  of  ether  upon  the  gauze— one-half  through 
the  face-piece,  the  other  half  through  the  chimney  at  the  top  of  the  ether 
chamber.  Now  turn  the  index  to  the  downward  limit  (full  air)  and  attach  the 
bag.  The  rubber  cushion  of  the  face-piece  should  be  moderately  inflated.  The 
air  traps  at  A  and  at  C  should  be  closed.  Apply  the  face-piece  during  several  ex- 
pirations, so  as  to  distend  the  bag  moderately;  then  keep  the  inhaler  applied  and 
turn  the  index  at  once  to  the  line  between  air  and  ether.  Now  turn  the  index  toward 
ethe-,  about  one-sixteenth  inch  every  two  or  three  inspirations,  or  as  slowly  as 
necessary  to  avoid  the  effects  of  too  strong  ether  fumes.  In  about  one  minute  the 
index  will  have  been  moved  forward  one-fourth  or  one-third  the  distance  between 
the  line  above  referred  to  and  the  upward  limit.  Occasional  inspirations  of  air 
should  now  be  given  by  removing  the  inhaler  from  the  face,  and  the  index  should 
be  moved  more  gradually  forward  until  complete  anaesthesia  is  present.  This  is 
accomplished  in  from  two  to  five  minutes  in  average  patients.  When  the  index 
has  reached  a  little  more  than  one-half  the  distance  from  the  line  to  the  upward 
limit,  full  ether  is  on  and  the  index  should  be  at  once  moved  to  the  upioard  limit. 
The  administration  consists  chiefly  in  the  regulation  of  two  factors:  1.  The  air 
supply;  and,  2,  the  ether  supply. 

1.  The  Air  Supply. — During  the  induction  of  anaesthesia  the  air  supply  should 
be  limited  as  above;  enough  should  be  given,  however,  to  prevent  more  than  slight 
cyanosis.  Patients  differ  greatly  in  the  amount  of  air  they  require  with  ether,  and 
the  air  supply  must  be  regulated  in  accordance  with  the  following  facts:  The  tap 
C  being  closed,  if  A  is  opened  slightly  the  patient  will  receive  little  air  and  much 
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ether;  if  fully  opened  he  will  receive  much  air  and  little  ether.  The  tap  A  being 
closed,  if  C  is  opened  slightly,  the  patient  will  receive  little  air  and  much  ether; 
if  fullv  opened,  he  will  receive  much  air  and  much  ether. 

2.  The  Ether  Supply. — At  the  beginning,  the  ether  chamber  should  be  charged, 
as  above,  with  from  one-half  to  one  ounce  of  ether,  according  to  the  patient,  and 
this  will  usually  be  sufficient  to  induce  complete  anaesthesia.  It  is  best  to  continue 
the  administration  with  the  index  turned  to  the  upward  limit,  and  from  one-half 
to  one  drachm  of  ether  ever>'  two  or  three  minutes  will  be  found  enough  for  the 
average  patient.  Ether  ma}-  be  added,  (1)  through  the  face-piece.  (2)  through  the 
chimney,  or  (3)  through  the  revohing  disc  on  the  side  of  the  ether  chamber.  (1)  is 
preferable  in  usual  cases,  (2)  or  (3)  is  of  great  advantage  when  it  is  inconvenient  to 
remove  the  inhaler  from  the  face. 

The  quantity  of  ether  necessary  will  average  four  ounces  for  the  first  hour 
and  two  ounces  for  the  second  hour. 

The  disadvantages  of  this  method  are:  Special  skill  is  required;  an  uneven 
ansesthesia,  with  rapid,  loudly  stertorous  breathing  and  cyanosis,  resuhs  when 
the  administration  is  in  unskilled  hands;  the  apparatus  requires  care  and  should 
be  cleaned  or  steriUzed  for  each  administration. 

Plethoric  or  alcohoUc  patients  are  difficult  to  control  by  tliis  method. 

The  advantages  are :  The  great  reduction  in  the  amount  of  ether  necessar}' 
results  in  a  prompt  recovery  with  less  post-anaesthetic  sickness  than  when  other 
methods  are  employed;  the  more  rapid  induction  of  anaesthesia  than  with 
other  methods;  the  ether  vapor,  inhaled  from  the  bag,  being  warm,  is  less  irri- 
tating to  the  respiratory  mucous  membrane  and  thus  is  less  Hkely  to  be  fol- 
lowed by  bronchitis. 

Rectal  Etherization. — The  administration  of  ether  by  the  rectum  was  tried  by 
Pirogoff  and  Roux  in  Russia  in  1847.  In  1884  MoUiere  and  Yversen  in  France, 
Post  and  Gay  of  Boston,  and  Weir  and  Bull  of  New  York  reported  series  of 
cases.  Dr.  Dudley  Buxton,  of  London,  has  had  a  considerable  experience  with 
it.  So  far  as  may  be  judged  from  the  wTitings  of  these  observers,  from  the 
principal  text-books  on  anaesthetics,  and  from  the  experiences  and  observation 
of  the  present  writers,  the  method  seems  to  be  b}-  no  means  without  danger. 
Bloody  diarrhcra  with  collapse  and  death  has  been  known  to  follow  its  use. 
On  the  other  hand,  Cunningham,  of  Boston,  in  1905,  reported  a  series  of  forty- 
one  cases  without  deaths  or  untoward  symptoms,  and  he  is  still  using  the  method. 

The  writers  believe,  however,  that  it  entails  distinct  risk,  and  that  it  should 
be  avoided  except  in  certain  special  cases  in  which  other  methods  fail  to 
produce  an  anaesthesia  under  which  the  operation  can  be  successfully  per- 
formed. Such  cases,  for  example,  as  extirpation  of  the  tongue  or  larjTix  for 
cancer,  cases  of  empyema  or  of  unresolved  pneumonia  requiring  operation, 
might  warrant  its  use. 

Its  chief  advantage  is  that  it  gives  the  surgeon  an  absolutely  free  field  for 
operating  on  the  mouth,  nose,  and  throat. 
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The  rectum  should  be  thoroughly  clean  and  empty  at  the  time  of  adminis- 
tration. This  is  accomphshed  as  described  under  "Preparation"  (p.  173), 
except  that  a  large  cleansing  enema  should  be  given  in  the  morning  and  an- 
other one-half  an  hour  before  operation. 

A  good  apparatus  to  use  for  the  introduction  of  the  anaesthetic  is  the 
Greene  thermo-ether  inhaler  (Fig.  73),  a  cautery  bulb  being  substituted  for  the 
foot  bellows  and  a  rectal  tube  for  the  patent  stop-cock.    (Fig.  77.) 

The  bottle  should  be  a  graduated  one  and  should  contain  about  eight 
ounces  of  pure  ether.  The  temperature  of  the  water  should  not  exceed  100°  F, 
iVir  is  forced  through  the  ether  by  the  cautery  bulb  attached  to  the  afferent 


Fig.  77. — Apparatus  for  Administering  Ether  by  the  Rectum. 


tube,  and,  becoming  laden  with  ether  vapor,  leaves  the  bottle  by  the  efferent 
tube,  which  terminates  in  an  ordinary  rectal  tube.  Between  the  efferent  tube 
and  the  rectal  tube  is  a  glass  interceptor  which  prevents  liquid  ether  from  en- 
tering the  rectum. 

With  the  patient  in  the  dorsal  posture  one  thigh  is  held  slightly  elevated 
by  a  sand  bag.  The  rectal  tube  is  then  introduced  a  distance  of  eight  or  ten 
inches,  and  any  flatus  that  may  be  present  aided  to  escape.  The  interceptor, 
with  the  rest  of  the  apparatus,  is  attached  to  the  rectal  tube  and  one  or  two  gentle 
pressures  of  the  bulb  are  made.  As  the  rectum  becomes  distended,  the  forefinger 
held  inside  the  sphincter,  along  the  rectal  tube,  allows  ether  vapor  plus  air  to 
escape  from  the  rectum.  Gentle  pressures  of  the  bulb  should  now  be  made  at 
regular  intervals,  and  as  the  patient  becomes  accustomed  to  the  tube  the  finger 
may  be  withdrawn.     As  the  bowel  absorbs  the  vapor  the  patient  may  complain 
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of  a  desire  to  defecate  or  of  slight  abdominal  pain.  This  is  due  to  distention 
and  must  be  met  by  reintroducing  the  finger  to  allow  the  escap.-  of  superflu- 
ous vapor.  In  from  three  to  five  minutes  the  odor  of  ether  may  be  perceived 
in  the  patient's  breath.  In  two  or  three  minutes  more  he  becomes  drowsy, 
the  eyes  close,  the  breathing  becomes  tranquil,  regular,  and  slightly  stertor- 
ous, and  he  passes  into  complete  anaesthesia,  usually  without  excitement  or 
struggling.  The  time  necessary  to  produce  complete  anaesthesia  varies  from 
six  to  fifteen  minutes  according  to  the  patient,  and  probably  also  according 
to  the  condition  of  the  rectal  mucous  membrane.  Ansesthesia,  once  estab- 
lished, is  easily  maintained  by  gentle  pressures  of  the  bulb  every  few  minutes 
according  to  the  patient's  manifestations.  After  the  operation  the  rectal  tube  is 
disconnected  but  left  in  situ,  while  gentle  massage  along  the  course  of  the  colon 
expels  any  remaining  ether  vapor. 

This  method  consumes  very  little  ether,  from  four  to  six  ounces  an  hour 
usually  being  sufficient. 

As  a  rule,  post-ana?sthetic  sickness  does  not  occur,  although  slight  nausea 
and  vomiting  may  follow. 

As  above  stated,  however,  in  certain  cases  the  patients  have  abdominal  pain, 
tenesmus,  bloody  diarrhoea,  and  collapse.  Several  deaths  have  occurred  follow- 
ing the  use  of  this  method. 

These  intestinal  s}7nptoms  are  best  treated  by  enemata  of  starch  and  opium, 
aided  by  opium  hypodermically  if  necessary. 

Emergencies  and  Accidents  Occurring  during  Etherization. — Emergencies 
and  accidents  occurring  during  etherization  have  to  do  usually  with  failure  of 
respiration,  the  heart,  as  a  rule,  continuing  to  beat  after  respiration  has  ceased. 
For  this  reason  ether  accidents  are  not  so  dangerous  as  those  from  chloroform, 
and  patients  can  usually  be  saved. 

The  treatment  of  an  excess  of  mucus  or  of  vomiting  occurring  during  ether- 
ization has  already  been  given. 

Vomiting  and  the  subsequent  inhalation  of  soUd  food,  on  the  part  of  anaes- 
thetized patients,  constitute  an  awkward  accident.  In  these  cases,  which  occur 
now  and  then,  the  treatment  is  to  open  the  patient's  mouth,  draw  forward  the 
tongue,  try  to  remove  the  obstruction  with  the  finger  or  with  forceps,  invert 
the  patient,  pound  the  back,  and  finally  perform  rapid  tracheotomy  if  the  first 
measures  fail. 

In  general,  the  treatment  of  all  accidents  occurring  during  anaesthesia  is 
the  same.  It  consists  of  estabhshing  a  free  way  for  the  entrance  of  air  by  open- 
ing the  mouth  and  drawing  forward  the  tongue,  and  of  re-establishing  respira- 
tion by  Sylvester's  method.  If  the  failure  of  respiration  occurs  during  the 
deeper  degrees  of  anaesthesia,  there  is  no  difficulty  in  opening  the  mouth;  but 
if  it  occurs  in  the  Ughter  stages,  the  teeth  may  be  firmly  clenched  and  may 
require  to  be  pried  open.     This  should  be  done  with  the  wooden  wedge  (1,  Fig. 
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69),  and  a  rubber  bite-block  or  spring  gag  should  be  inserted  to  hold  open  the 
mouth  while  the  tongue  is  drawn  forward. 

Artifical  Respiration. — If  the  measures  described  above  do  not  re-estab- 
lish breathing,  one  should  begin  artificial  respiration  (Figs.  78  and  79).  With 
the  patient  fully  extended  on  the  table,  the  head  a  little  to  one  side,  and  the 
neck  straight,  firmly  press  the  sides  of  the  thorax  with  the  patient's  arms,  which 
should  be  grasped  just  above  the  elbows.     This  imitates  expiration  (Fig.  78), 


i 


Fig.  78. — Artificial  Respiration.       (Expiration.) 

tends  to  remove  part  of  the  ana-sthetic  from  the  lungs,  and  will  often  initiate 
breathing. 

Shifting  the  grip  to  the  wrists,  the  anaesthetist  should  now  slowly  raise  the 
patiei.t's  arms  above  the  head  and  should  fully  extend  them  in  this  position 
(Fig.  79),  in  imitation  of  inspiration.  They  are  then  again  lowered  to  the  sides, 
and  the  thorax  firmly  compressed  as  before.  These  movements  should  be  made 
deliberately,  and  the  rate  should  not  exceed  fifteen  or  sixteen  full  respiratory 
movements  a  minute.  If  necessary,  traction  may  be  made  on  the  tongue  syn- 
chronously with  the  movements  of  the  chest,  the  tongue  being  drawn  slightly 
forward  during  inspiration  and  released  during  expiration.  Artificial  respira- 
tion should  be  persisted  in  for  at  least  half  an  hour,  as  patients  have  often  been 
saved  after  even  longer  periods.  It  may  be  supplemented  by  allowing  a  light 
stream  of  oxygen  to  escape  over  the  region  of  the  nose  and  mouth,  by  holding 


ANAESTHESIA  FOR  SURGICAL  PURPOSES. 


197 


spirits  of  ammonia  on  gauze  l^efore  the  nostrils,  or  by  dashing  a  few  drops  of 
ether  upon  the  bare  chest.  The  proper  perfomiance  of  artificial  respiration  is, 
however,  our  principal  resource  in  all  anaesthetic  accidents,  and  should  not  be 
neglected  for  fruitless  hypodermic  stimulation,  feeling  of  the  pulse,  etc. 

Chloroform. 

Chloroform  is  a  heavy,  colorless,  non-inflammable  liquid,  with  a  sweetish, 
burning  taste  and  a  characteristic  odor,  a  boiling-point  of  61°  C,  and  a  specific 
gra\'ity  of  1.491  at  17°  C.     When  exposed  to  light  and  air,  chloroform  under- 
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Fig.  79. — Artificial  Respiration.     (Inspiration.) 

goes  decomposition  and  is  rendered  unfit  for  use.  It  should,  therefore,  be  pur- 
chased in  small  dark  bottles  containing  100  granmies  and  kept  tightly  corked 
in  a  cool  dark  place. 

^^^len  used  in  a  room  with  an  open  flame  the  vapor  undergoes  decomposi- 
tion \A-ith  Hberation  of  hydrochloric  acid  and  fumes  wliich  are  irritating  to  the 
respiratory  nmcous  membrane.  Before  using,  chloroform  may  be  warmed  by 
placing  the  bottle  in  water  at  100°  C.  (212°  F.),  thus  making  it  vaporize  more 
readily.  The  dangers  of  chloroform  are  lessened  by  using  oxygen  during  its 
administration. 

Upon  the  respiratory  centre  chloroform  has  first  a  stimulant  and  then  a  de- 
pres.sant  action.  It  has  a  marked  tendenc}-  to  cause  irregularities  of  the  respi- 
ration, which  react  upon  the  circulation. 
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It  is  a  direct  cardiac  depressant  and  produces  a  vaso-dilator  action  upon 
the  media  of  the  blood-vessels  and  upon  the  heart  muscle.  It  lowers  blood 
pressure.  For  these  reasons  it  is  a  comparatively  dangerous  anaesthetic.  Hewitt 
estimates  its  death-rate  as  one  in  three  thousand,  making  it  five  times  less  safe 
than  ether. 

In  England  and  in  certain  parts  of  the  Western  and  Southern  United  States 
chloroform  is  in  common  use,  \A'ith  a  corresponding  number  of  deaths  and  acci- 
dents. In  the  hands  of  an  experienced  anaesthetist,  and  when  used  after  ether 
or  with  oxygen,  it  is  reasonably  safe,  but  in  any  community  in  which  it  is  used 
by  inexperienced  persons  accidents  and  deaths  are  apparently  not  infrequent. 
These  instances  are  not  always  reported  and  probably  are  often  not  recognized 
as  due  to  the  anaesthetic. 

Chloroform  is  safer  when  used  to  maintain  an  anaesthesia  begun  with  ether 
or  with  gas  and  ether,  than  when  used  from  the  beginning;  ether  supporting 
the  heart  and  respiration  against  the  depressing  action  of  chloroform.  Statis- 
tics show  that  a  large  percentage  of  deaths  under  chloroform  occur  during  the 
first  part  of  anaesthesia,  notably  during  the  stage  of  excitement,  when  patients 
in  struggling  may  clench  the  teeth  and  hold  the  breath.  This  imprisons  in  the 
lungs  the  chloroform  already  administered,  and  if  the  drug  be  not  dropped 
slowly  and  cautiously  the  patient  may  inhale  an  overdose  when  breathing  is 
resumed.  Then,  again,  with  inexperienced  givers  the  drug  may  be  thoughtlessly 
pushed  to  overcome  the  struggles  of  the  patient,  or  during  the  excitement  an 
unexpected  amount  may  be  inhaled  by  the  patient. 

Chloroform  has  a  slightly  vesicant  action  on  the  epidermis  and  it  is  wise  to 
smear  the  nose,  cheeks,  and  Ups  with  lanolin  before  beginning  the  adminis- 
tration. 

Post-anaesthetic  sickness  from  chloroform  is  often  entirely  absent,  but 
when  it  does  occur  it  is  much  worse  than  that  produced  by  ether.  Uncontrol- 
lable A'^omiting  sometimes  results  and  may  be  serious. 

Chloroform  is  irritating  to  the  kidneys,  although  less  so  than  ether. 

It  is  less  irritating  to  the  respiratory  mucous  membranes  than  ether  and  is 
much  more  agreeable  to  inhale. 

The  inhalation  of  chloroform  lowers  the  body  temperature. 

Administration  of  Chloroform. — Chloroform  should  be  administered  by  the 
open  method,  drop  by  drop,  and  with  a  liberal  supply  of  air.  A  piece  of  folded 
gauze,  the  corner  of  a  towel,  and  (preferably)  a  Skinner's,  an  Esmarch  (Figs.  80 
and  81),  or  a  Schimmelbusch  mask  (Fig.  82),  covered  with  several  layers  of 
gauze  or  a  single  layer  of  Canton  flannel,  are  the  commonest  forms  of  inhalers 
used,  and  with  them  should  be  employed  one  of  the  numerous  forms  of  drop 
bottles,  fitted  with  a  stopper  by  which  the  flow  of  the  drug  can  be  accurately 
controlled. 

For  tracheal  chloroforming,  and  for  the  use  of  chloroform  in  operations 
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Fig.  so. — Esniarch  Mask.     Open  method 
of  administermg  chloroform. 


about  the  nose  and  throat,  as  well  as  for  ordinary  admmistrations,  many  fonns 
of  regulating  chloroform  inhalers  have  been  devised.  A  good  one  is  Krohne's 
modification  of  Junker's  inhaler  (Fig.  83). 
With  this  apparatus,  pressure  upon  a  bulb 
forces  air  by  an  efferent  tube  through  chlo- 
roform contained  in  a  graduated  bottle. 
The  chlorofonn  vaix)r  thus  generated  leaves 
the  bottle  by  an  efferent  tube  terminating 
in  a  face-piece  or  a  bent  silver  tube.  At 
the  top  of  the  face-piece  is  a  broad  feather 
on  a  deUcate  hinge.  The  feather,  which 
moves  \Nith  respiration,  forms  an  index  of 
its  rate.  The  bulb  is  cU^'ided  into  three 
sections  of  different  sizes.  A  full  compres- 
sion of  the  smallest  bulb  delivers  into  the 
face-piece  10  c.c.  of  air  laden  ^^ith  chloro- 
form vapor;  of  the  middle  bulb,  30  c.c;  of 
the  largest  bulb,  60  c.c.  The  bulb  is  to 
be  compressed  at  the  finish  of  expiration 
or  the  beginning  of  inspiration.  The  in- 
ventor claims  that  it  is  impossible  to  give 

an  overdose  by  this  inhaler.  It  is  a  very  useful  and 
practical  apparatus  for  chloroforming  children,  and  for 
tracheal  and  intraoral  chloroforming,  the  bent  silver 
tube  being  used  for  the  latter.  It  consumes  ver\'  httle 
of  the  drug  and  regulates  the  dosage  satisfactorily. 

Unfortunately,  the  varying  depth  of  the  respira- 
tions has  so  much  to  do  with  determining  the  amount 
of  chlorofonn  vapor  inhaled  that  regulating  inhalers 
like  the  above  can  be  only  approximately  accurate. 
Besides,  as  most  chloroform  accidents  have  occurred 
during  the  lighter  stages  of  anaesthesia,  the  fact  that 
an  overdose  cannot  be  given  by  a  certain  inhaler  does 
not  make  an  administration  by  that  inhaler  safe. 

In  administering  chloroform  b)'  the  clrop>-b3'-drop 
method,  the  mask  is  held  a  short  distance  from  the 
face,  a  few  drops  are  poured  upon  it,  and  the  patient 
is  encouraged  to  breathe  naturally.  After  the  patient 
has  become  accustomed  to  the  vapor  a  steady  and  at 
first  rather  rapid  dropping  is  kept  up.  \Mien  the 
stage  of  excitement  arrives  (in  from  three  to  six  minutes)  the  dropping  should 
be  cautiously  continued,  and  at  any  interruption  of  the  respiration  the  admin- 


FiG.  81. — Esmarch's  Drop 
Bottle.  Open  method  of  ad- 
ministering chloroform. 
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istration  should  be  temporarily  discontinued.  Otherwise,  when  breathing  is 
resumed,  the  patient,  with  a  deep  inspiration,  may  inhale  too  much.  The 
stage  of  excitement  past,  a  constant  dropping  of  the  drug  should  be  maintained 
in  an  effort  to  produce  an  even  anaesthesia.  As  far  as  any  rule  can  be  given, 
a  place  on  the  gauze  about  the  size  of  a  twenty-five-cent  piece  should  be  kept 
constantly  wet  with  chloroform.  Careful  and  unremitting  watch  should  be 
kept  of  the  respiration,  and  this  should  not  be  neglected  for  the  pulse,  Avhich 
is  largely  dependent  upon  efficiently  performed  respiration.  The  pulse  may 
be  counted  by  the  quarter  or  half  minute  at  the  temporal,  facial,  or  radial 
artery.     If  there  is  need  of  a  more  careful  counting  of  the  pulse,  an  assistant 


Fig.  82. — Schimmelbusch  Mask  and  Drop  Bottle,  for  Chloroform  Mixtures. 


should  be  detailed  for  the  purpose.  The  jaw  must  be  held  forward  to  keep 
the  air-way  patent,  and  a  plentiful  supply  of  air  should  be  given.  If  oxygen 
is  to  be  used,  the  rubber  tube  from  the  oxygen  cylinder  may  be  pinned  or 
stitched  into  a  hole  cut  in  the  top  of  the  mask,  and  a  fine,  constant  stream  of 
oxygen  turned  on. 

The  sigrls  of  complete  ancesthesia  under  chloroform  are: 

1.  Breathing  regular,  gently  stertorous,  and  slightly  accelerated; 

2.  Pulse  slow  and  full; 

3.  Pupil  contracted; 

4.  Conjunctival  and  corneal  reflex  absent; 

5.  Complete  muscular  relaxation. 

When  these  signs  are  present,  the  head  should  be  turned  on  the  side  and 
anaesthesia  maintained  as  above  described. 
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As  pointed  out  by  Hewitt,  reflex  disturbances  of  the  respiration,  which 
react  dangerously  upon  the  circulation,  are  more  liable  to  occur  during  a  light 
chlorofonnization  than  during  a  deep  one.  It  is  safer,  therefore,  to  maintain 
a  rather  deep  ansesthesia,  while  guarding  against  the  reflex  disturbances  due 
to  too  Uttle  chloroform,  on  the  one  hand,  and  the  results  of  an  overdose,  on 
the  other. 

The  signs  of  too  light  an  ancesthesia  under  chloroform  are: 

1.  Breathing  becoming  slower,  less  audible,  and  shallow; 

2.  Pupils  contracted  or  reflexly  chlated  and  mobile ; 

3.  Conjunctival  and  corneal  reflexes  return; 

4.  Swallowing  reflex  retm-ns ; 

5.  Retching  and  vomiting  may  occur,  and  are  often  attended  by  marked  pallor. 


Fig.  S3. — Krohne's  Regulating  Chloroform  Inhaler. 

The  signs  of  too  deep  a  chloroform  anoesthesia  are : 

1.  Shallow,  gasping  breathing; 

2.  Slow  and  feeble  pulse ; 

3.  Suddenly  dilating  pupils; 

4.  Marked  pallor  or  duskiness  and  bad  general  appearance; 

5.  Absence  of  all  eye  reflexes. 

These  may  go  on  to  complete  cessation  of  respiration  and  impairment  or 
cessation  of  the  heart's  action. 

A  chloroform  accident  is  very  serious,  and  action  must  be  prompt.  Re- 
move the  inhaler,  open  the  mouth,  and  draw  forward  the  tongue,  and  at  once 
begin  artificial  respiration  by  Sylvester's  method.  This  should  be  carefully 
and  deliberately  performed  and  should  be  persisted  in  without  interruption  for 
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at  least  half  an  hour.  The  foot  of  the  bed  or  table  may  be  slightly  raised  to 
allow  the  blood  to  go  to  the  great  centres  in  the  medulla.  Oxygen  may  be 
given  as  supplementary  treatment.  Nothing,  however,  should  be  allowed  to 
interrupt  artificial  respiration.  If  there  are  signs  of  active  circulation,  one  full 
dose  of  strychnine  may  be  given  hypodermically,  but,  as  a  rule,  it  is  well  to 
avoid  the  use  of  stimulants  until  the  circulation  is  well  established. 

It  is  imsafe  to  administer  chloroform  to  patients  in  the  sitting  posture  or 
with  the  head  too  high,  and  in  hfting  chloroformed  patients  care  must  be  taken 
to  keep  the  head  low.  Chloroform  causes  dilatation  of  the  blood-vessels,  and, 
with  the  head  too  high,  lessened  supply  of  blood  to  the  important  centres  in  the 
medulla  and  encephalon  may  cause  syncope. 

Mixtures  of  Chloroform  and  Ether. 

There  are  in  common  use  many  mixtures  containing  chloroform,  ether,  and 
other  drugs  in  varying  proportions.  Their  action  is  essentially  that  of  chloro- 
form, the  ether  being  added  to  support  the  respiration  and  circulation  against 
the  depressing  effect  of  chloroform.  The  best  of  these  mixtures  are  the  A.  C.  E. 
and  the  C.  E.  mixtures,  both  of  which  are  largely  used  in  England,  and  "  An- 
sesthol,"  which  was  introduced  in  1898  by  Dr.  Willy  Meyer,  of  New  York.  The 
ingredients  of  A.  C.  E.  and  C.  E.  should  be  freshly  mixed  and  of  the  best  quality 
obtainable. 

The  A.  C.  E.  mixture  consists  of: 

Alcohol 1  part    ) 

Chloroform 2  parts  >•  by  volume 

Ether 3  parts  ) 


The  C.  E.  mixture  contains: 

Chloroform 2  parts  | 

Ether 3  parts  f 


by  volume 


"  Ansesthol  combines  in  a  stable  chemical  union  17  per  cent  of  ethyl  chloride, 
35.89  per  cent  of  chloroform,  and  47.10  per  cent  of  ether,  and  possesses  the  distin- 
guishing advantage  of  volatilizing  at  a  temperature  slightly  above  that  of  the 
body,  so  that  its  elimination  is  properly  regulated  by  the  lungs  without  imposing 
any  strain  on  other  parenchymatous  organs,  and  accumulation  or  retention  involv- 
ing risk  to  the  patient  is  excluded.  It  represents  a  clear,  transparent  fluid  of 
agreeable  odor,  with  a  specific  gravity  very  close  to  that  of  the  blood  and  a  B.  P. 
of  104°  F.  (40° C.)."* 

Safety  of  Mixtures. — Mixtures  of  chloroform  and  ether  are  safer  than  pure 

chloroform  by  as  much  as  they  contain  more  ether  than  chloroform.     It  has 

been  argued,  as  against  their  safety,  that  the  chloroform  in  a  mixture  is  the 

last  ingredient  to  evaporate  and  that  patients  are  breathing  pure  chloroform 

*  Quoted  from  circular  accompanying  the  bottles. 
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during  a  large  part  of  the  administration.  Practically,  this  is  not  true,  espe- 
cially in  a  mixture  with  a  definite  boiling-point  and  when  administered  drop 
by  drop.  No  statistics  have  iDeen  prepared  in  regard  to  mixtm-es,  but  they 
are  undoubtedly  safer  than  chlorofomi.  although  not  so  safe  as  ether. 

Action  and  Mode  of  Administration  of  Mixtures. — On  the  respiration  the 
action  is  essentially  that  of  chloroform,  with  less  liability  to  respiratory  de- 
pression and  irregularity.  On  the  circulation  the  effect  is  like  that  of  chloro- 
form except  that  the  pulse  is  not  quite  so  slow  and  is  of  better  quality.  Post- 
anaesthetic  sickness  is  generally  very  slight.  It  may,  however,  be  severe  like 
that  following  chloroform. 

Mixtures  should  be  administered  by  the  open  method,  drop  by  drop,  with 
a  free  air  supply;  although  larger  quantities  and  slightly  more  air-limitation 
will  be  found  necessary  than  with  chloroform.  The  best  apparatus  is  a  Schim- 
melbusch  mask  (Fig.  82),  covered  with  six  or  eight  thicknesses  of  gauze  and  a 
piece  of  rubber  dam  having  a  hole  in  the  middle  about  one-half  inch  in  diame- 
ter through  which  the  mixture  is  dropped  upon  the  gauze. 

The  same  general  rules  govern  the  administration  of  a  mixtm'e  as  of  chloro- 
form, and  the  depth  of  anaesthesia  is  estimated  by  the  same  signs  and  symp- 
toms. The  essential  differences  are  that  the  facial  color  and  general  af>- 
pearance  are  apt  to  be  better  under  a  mixtme  than  under  chloroform;  the 
respiration  is  rather  deeper  and  the  pulse  fuUer  and  not  so  slow. 

^Mixtures  produce  better  results  when  used  in  connection  with  morphine 
and  atropine.  They  are  very  useful  for  alcoholics,  athletes,  and  difficult  sub- 
jects generally;  also  for  cases  of  cardiac,  pulmonary,  or  renal  disease  requiring 
the  use  of  an  anaesthetic.  Being  not  cUsagreeable  to  inhale  they  are  useful  for 
inducing  anaesthesia  preliminary  to  the  emplojinent  of  ether;  and,  being  com- 
paratively free  from  after-effects,  they  may  be  used  alone  in  cases  which  have 
suffered  severe  post-anaesthetic  sickness  from  chloroform  or  ether. 

Accidents,  if  they  occur,  are  apt  to  be  circulatory  in  character,  like  those 
from  chlorofonn,  although  the  circulation  is  better  maintained  than  in  a  chloro- 
form accident.  The  treatment  of  accidents  is  the  same  as  when  chloroform 
has  been  used. 

Ethyl  Chloride. 

Ethyl  chloride  is  a  colorless,  very  volatile,  inflammable  liquid,  with  a  spe- 
cific gra\ity  of  .9214  at  0°  C,  which  at  8°  C.  rises  to  .9176  (showing  a  striking 
increase  in  volume  with  increase  of  temperature).  It  lias  a  low^  boiling-point 
(12.5°  C.)  and  an  odor,  when  the  drug  is  pure,  which  is  agreeable  and  ethereal, 
but  which  in  most  kinds  of  ethyl  chloride  is  rather  garhcky.  If  the  drug  is 
pure,  the  odor  should  be  ethereal  and  the  reaction  to  litmus  paper  should  not 
be  acid.  It  is  decomposed  by  the  action  of  light  and  air,  and  should  be  kept 
tightly  corked  in  a  cool,  dark  place. 
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For  use  as  an  anaesthetic  the  purest  drug  obtainable  should  be  employed. 
It  is  sold  by  dealers,  under  various  proprietary  names,  either  in  graduated 
glass  vials  containing  50  c.c,  with  patent  stop-cocks  which  allow  the  escape 
of  the  drug  in  a  fine  stream,  or  in  hermetically  closed  glass  pearls  containing 
3  c.c,  enough  for  an  ordinary  administration. 

Safety  of  Ethyl  Chloride. — In  the  matter  of  safety  ethyl  chloride  is  much  in- 
ferior to  nitrous  oxide  and  not  so  safe  as  ether.  It  is  safer  than  chloroform 
and  than  somnoforme.  Ethyl  chloride  bears  very  much  the  same  relation  to 
nitrous  oxide  that  chloroform  does  to  ether. 

Ware,  of  New  York,  in  a  series  of  12,436  cases,  incluchng  1,000  of  his  own, 
reports  one  death.  McCardie  estimates  the  death-rate  of  ethyl  chloride  as  one 
in  3,000  when  the  close  method  is  used,  and  Lotheisen  and  Seitz  as  one  in  16,000 
with  the  semi-open  method.  This  would  seem  to  suggest  the  latter  method  as 
the  safer.  Practically,  however,  this  is  not  true,  owing  to  the  imperfect  anses- 
thesia,  with  excitement  and  struggling,  that  results  from  the  semi-open  method. 
While  ethyl  chloride  has  not  stood  the  long  test  that  nitrous  oxide  has,  it  may 
be  said  to  be  a  reasonably  safe  anaesthetic  for  short  operations  or  for  use  before 
the  administration  of  ether.  It  is  inferior  to  nitrous  oxide  from  every  point 
of  view  except  that  it  does  not  produce  cyanosis.  Owing  to  its  pungent  and 
often  garlicky  odor  it  is  not  so  agreeable  to  inhale  as  nitrous  oxide,  and  pa- 
tients who  have  taken  both  usually  prefer  the  latter.  It  is,  however,  much 
more  portable  than  gas,  while  the  expense  of  the  two  agents  is  on  the  whole 
about  the  same. 

Being  exceedingly  volatile  and  having  a  low  boiling-point,  ethyl  (Chloride  is 
very  rapidly  absorbed  and  equally  rapidly  eliminated.  Anaesthesia,  therefore, 
results  very  rapidly,  and  recovery  is  rapid,  though  less  so  than  with  nitrous  oxide. 

It  stimulates  respiration,  increasing  its  rate  and  depth. 

Its  effect  upon  blood  pressure  is  disputed.  Seitz,  of  Constanz,  claims  that 
arterial  tension  is  raised  and  cardiac  action  stimulated.  It  produces,  however, 
dilatation  of  the  peripheral  arterioles,  thus  lowering  blood  pressure,  although 
stimulating  the  heart.  The  respiratory  centre  seems  to  be  affected  before  the 
cardiac,  and  therefore,  in  an  accident,  the  heart  would  probably  continue  to 
act  after  cessation  of  respiration,  thus  making  it  possible  to  save  the  patient 
by  artificial  respiration. 

Although  recovery  is  rapid,  it  is  by  no  means  free  from  after-effects.  Head- 
ache, nausea,  vomiting,  and  dizziness  are  common,  and  in  this  respect  the  drug 
is  much  inferior  to  gas.  The  headache  and  nausea  are  sometimes  persistent 
and  severe,  the  writers  having  noted  several  such  cases  and  McCardie  report- 
ing four. 

Uses  of  Ethyl  Chloride. — The  principal  uses  of  ethyl  chloride  are,  in  dentis- 
try, for  tooth  extraction;  in  minor  surgery,  for  painful  dressings,  for  reducing 
dislocations,  for  operations  not  requiring  muscular  relaxation  and  not  lasting 


ANAESTHESIA  FOR   SURGICAL   PURPOSES. 


205 


Fig.  84. — Ware's  Ethvl-Chloride  Inhaler. 


for  more  than  five  minutes;  in  major  surgery,  for  preceding  the  adminis- 
tration of  ether. 

OvNing  to  its  extreme  volatility,  ethyl  chloride  must  be  achninis-tered  with 
almost  complete  exclusion  of  air,  in 
order  to  produce  satisfactory  results.  A 
good  apparatus  is  an  Ormsby's  or  Ben- 
nett's inhaler  fitted  with  a  small  tube 
through  which  the  drug  may  be  sprayed 
into  the  rubber  bag.  Special  inhalers 
have  been  de\'ised  for  ethyl  chloride 
and  are  possibly  more  convenient.  Of 
these,  Ware's  (New  York)  inhaler  is 
simple,  clean,  and  effective  (Fig.  84).  It 
consists  of  a  pliable  rubber  face-piece  into 
the  top  of  which  fits  a  brass  chimney, 
a  diaphragm  of  fine-meshed  gauze  be- 
ing placed  between  the  two.  Through 
the  top  of  the  chimney  the  drug  is 
sprayed  upon  the  gauze.  The  Bengue 
or  "Narcotile''  inhaler  (Fig.  85)  is  more 

elaborate  and  more  effective,  being  fitted  with  inspiratory  and  expiratory 
valves,  and  an  inflatable  rubber  face-piece  to  pro\ide  for  more  complete  air 
exclusion. 

The  inhaler  sold  by  the  proprietors  of  sonmoforme  (Fig.  86)  is  an  excellent 
one  also  for  ethyl  chloride  and  is  well  adapted  for  use  of  the  ethyl-cliloride 
pearls  or  capsules. 

If  a  close  inhaler  is  used,  the  patient  should  be  made  to  breathe  freely  and 
regularly,  and  the  bag  should  be  inflated  by  applying  the  face-piece  d'lring  sev- 
eral expirations.  WTien  the  bag  is  seen  to  be  moving  with  respiration,  from  3 
to  5  c.c.  of  ethyl  chloride  (10  c.c.  in  difficult  subjects)  is  sprayed  into  the  bag 
and  the  face-piece  is  closely  applied.  In  from  twenty-five  seconds  to  one  min- 
ute and  a  half,  depencUng  upon  the  patient  and  u{X)n  the  amount  of  air  exclu- 
sion, signs  of  anaesthesia  will  appear.  The  signs  of  complete  ansesthesia  under 
ethyl  chloride  are : 

1.  Respiration  rapid,  regular,  and  slightl}-  stertorous: 

2.  Pupils  (Ulated; 

3.  Eyeballs  fixed  and  conjunctival  reflex  absent, 

4.  More  or  less  muscular  relaxation. 

There  is  no  cyanosis,  although  the  facial  color  is  heightened  and  a  flush  may 
appear  on  the  neck  and  chest  due  to  dilatation  of  the  peripheral  arterioles. 

Diflficult  subjects  may  require  an  additional  10  c.c.  before  anaesthesia 
results. 
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The  inhaler  should  now  be  withdrawn  and  the  operation  begun,  or  ether 
substituted,  according  to  the  purpose  of  the  administrator. 

An  anaesthesia  available  for  ordinary  surgical  purposes  will  continue  for 
from  one  to  three  minutes  after  the  withdrawal  of  the  drug.  This  is  a  longer 
available  anaesthesia  than  results  from  gas,  and  this  constitutes  a  consider- 
able advantage  for  ethyl  chloride. 

Muscular  relaxation  is  usually  imperfect,  but  will  be  more  apt  to  result  if 
morphine  and  atropine  or  hyoscine  be  given  hypodermically  half  an  hour  before 
the  administration.    There  is  a  striking  absence  of  cyanosis,  but  often  there  is 


Fig.  85. — Bengue  Inhaler,  for  Ethyl  Chloride. 

considerable  slowing  of  the  pulse-rate  and  diminution  of  volume,  which  seem 
to  indicate  diminished  cardiac  action  and  blood  pressure. 

Ethyl  chloride  is  unsuited  for  long  operations,  owing  to  the  rapid  and  tur- 
bulent breathing  which  results  when  the  necessary  amount  of  air  is  admitted. 

The  signs  of  an  overdose  are : 

1.  Gasping  breathing  that  continues  as  long  as  the  drug  is  given  in  excess; 

2.  Bad  general  appearance,  with  pallor; 

3.  Widely  dilated  and  non-reacting  pupil. 

Accidents  are  usually  respiratory,  like  those  of  ether,  but  they  may  be  ac- 
companied by  considerable  impairment  of  the  circulation.  The  treatment — 
artificial  respiration,  with  plenty  of  air  or  oxygen — should  be  applied  promptly 
and  efficiently. 
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SOMNOFORME. 

Somnoforme  is  a  proprietary  preparation  which  has  lately  come  into  prom- 
inence as  a  general  anaesthetic.  It  was  introduced  by  Dr.  George  Rolland,  of 
Bordeaux,  in  France,  and  since  its  introduction  it  has  been  used  considerably 
in  this  country  and  abroad.  It  is  used  chiefly  for  dentistry,  but  is  good  also 
in  minor  surgery  and  to  precede  ether. 

Physiological  Effects. — Somnoforme  slightly  increases  the  rat«  and  depth 
of  the  respiration.  The  pulse  is  at  first  accelerated,  but  in  many  cases  it  be- 
comes slowed,  presumably  o^^iQg  to  the  ethyl  bromide  which  it  contains. 

As  it  has  been  in  use  for  only  a  short  time,  statistics  in  regard  to  its  safety 
have  little  weight.     In  the  pamphlet  issued  by  the  proprietors,  for  the  purpose 


Fig.  86. — Somnoforme  Inhaler  and  Capsule. 

of  advertising  sonmoforme,  it  is  stated  that  in  the  cases  superintended  by  Dr. 
Rolland  "he  has  never  seen  the  slightest  alamiing  s}inptoms  during  the  many 
thousands  of  cases  which  he  has  personally  observed  and  controlled."  On  the 
other  hand,  Dr.  Hewitt,  wTiting  in  1904.  says :  "  The  so-called  somnoforme  does  not 
produce  such  good  results  as  pure  ethyl  chloride  and  is  distincth-  more  dangerous. 
Three  deaths  have  already  taken  place  in  Great  Britain  from  sonmoforme."* 

Somnofonne  is  sold  in  graduated  glass  bottles  with  patent  stoppers  through 
which  the  drug  is  liberated  in  a  fine  stream ;  it  is  also  sold  in  small  glass  pearls  or 
capsules  of  two  sizes  (3  c.c.  and  5  c.c.)  that  contain  enough  for  one  achninistration. 

Somnoforme  can  be  satisfactorily  administered  with  a  Bennett,  Clover,  or 
Ormsby's  ether  inhaler,  so  modified  that  the  drug  may  be  sprayed  upon  gauze 
near  the  mouth  of  the  rubber  bag  of  the  inhaler.  The  proprietors  sell  a  spe- 
cial inhaler  for  the  use  of  somnoforme,  which  has  the  advantage  that  the  cap- 

*  Lancet,  1904:  II    1486. 
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sules  containing  the  drug  can  be  broken  into  the  inhaler  without  clanger  of 
the  glass  being  inhaled. 

This  inhaler  (Fig.  86),  called  ''deTrey's  somnoforme  inhaler,"  consists 
briefly  of  a  face-piece  with  inflatable  rubber  rim;  a  patent  stop-cock  pro\dded 
with  a  hole  through  which  the  drug  may  be  sprayed  upon  lint  or  gauze;  and 
an  inflatable  rubber  bag.  It  is,  in  effect,  a  close  inhaler,  and  may  be  used 
equally  well  for  somnoforme  or  for  ethyl  chloride. 

In  an  administration  of  somnoforme,  from  3  to  5  c.c.  is  sprayed  upon  the 
lint  through  the  hole  in  the  stop-cock.  The  patient  is  instructed  to  breathe 
freely,  and  while  he  is  breathing  in  this  manner  the  face-piece  is  applied,  dur- 
ing an  expiration,  and  at  the  same  time  the  rubber  bag  is  allowed  to  become 
filled  with  somnoforme  vapor.  In  the  next  following  inspiration,  therefore, 
the  patient  will  inhale  pure  somnoforme  vapor. 

Anaesthesia  is  produced  in  a  strikingly  rapid  manner  by  somnoforme.  Dan- 
iels, in  an  analysis  of  100  administrations,  gives  the  induction  period  as  from 
25  to  100  seconds.  The  proprietors  claim  an  average  of  30  seconds.  It  may 
be  said  to  vary  from  30  to  120  seconds,  according  to  the  patient  and  the  amount 
of  air-limitation  practised. 

The  signs  of  complete  amvsthesia  under  somnoforme  are : 

1.  Accelerated  and  shghtly  stertorous  respiration; 

2.  Dilated  pupil; 

3.  Loss  of  conjunctival  reflex; 

4.  More  or  less  muscular  relaxation. 
Somnoforme  does  not  produce  cyanosis. 

The  inhaler  may  now  be  removed  and  the  operation  begun,  or  ether  may 
be  substituted,  according  to  the  purpose  with  which  the  anaesthetic  is  given. 

The  available  anaesthesia  that  results  often  continues  for  a  remarkably 
long  time.  Daniels  found  the  period  to  vary  from  10  to  180  seconds,  with  an 
average  of  64  seconds.     The  proprietors  claim  an  average  of  76  seconds. 

Post-ancesthetic  Effects. — Nausea  and  vomiting  are  not  common  (one  per 
cent),  but  persistent  headache  and  giddiness  frequently  result,  and  the  recovery 
from  somnoforme  is  not  so  prompt  and  normal  as  is  that  from  nitrous  oxide. 


IV.  THE  ADMINISTRATION   OF  ANESTHETICS   IN  SEQUENCE. 

To  meet  various  indications  that  occur  in  practice,  anaesthetics  are  often 
administered  in  sequence,  that  is,  one  after  another,  in  the  same  case.  Ether, 
for  example,  is  disagreeable  to  inhale,  causing  coughing,  salivation,  the  secre- 
tion of  mucus,  excitement,  and  struggling,  and  requires  considerable  time  for 
producing  complete  anaesthesia.  Therefore,  other  anaesthetics  are  used  to  pre- 
cede ether  and  do  away  with  these  disadvantages. 
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Certain  cases  of  heart  and  lung  disease  requiring  ansesthetics  should  be  anaes- 
thetized with  the  least  possible  strain  on  the  respiration  and  circulation,  and 
may  require  chloroform  or  a  mixture  before  ether  is  administered.  Thus,  we 
speak  of  various  sequences  as  the 

Nitrous  oxide-ether  sequence; 

Ethyl  chloride-ether  sequence; 

Somnoforme-ether  sequence; 

A.  C.  E.-ether  sequence; 

Chloroform-ether  sequence; 

Nitrous  oxide-ether-chloroform  sequence ; 

A.  C.  E.-ether- A.  C.  E.  sequence. 
Chlorofonn  and  its  mixtures  cannot  be  used  in  sequence  to  nitrous  oxide, 
ethyl  chloride,  or  somnoforme,  on  account  of  the  circulatory  depression  that 
would  result  from  a  rapid  administration  of  the  large  amount  of  chloroform 
necessary  to  control  the  patient. 

The  nitrous  oxide-ether  seqiiencevras  introduced  by  Clover,  of  London,  in  1876. 
It  is  a  very  safe  method,  and  in  healthy  patients  safer  than  the  use  of  ether 
alone.  The  advantages  of  the  method  are:  It  is  safe;  it  spares  the  patient  the 
disagreeable  sensations  of  inhaling  ether;  it  requires  a  very  short  time,  i.e., 
from  one  to  four  minutes,  for  the  production  of  complete  anaesthesia;  finally, 
it  lessens  the  amount  of  ether  used  and  diminishes  post -anaesthetic  sickness. 

There  are  two  methods  of  using  the  nitrous  oxide-ether  sequence,  \-iz.,  the 
open  method  and  the  close  method. 

In  the  open  method  a  full  dose  of  nitrous  oxide  from  any  gas  inhaler  is 
given,  and  then  a  semi-open  inhaler  charged  with  ether  is  apphed.  This 
method  is  useful  for  alcohoHcs,  athletes,  or  difficult  subjects,  as  they  can  be  put 
deeply  under  gas  before  ether  is  used.  As  soon  as  rapid  and  stertorous  breath- 
ing, with  cyanosis  and  jactitation,  occurs  under  gas,  the  change  to  ether  should 
be  made,  the  ether  inhaler  bemg  kept  closely  applied  until  complete  ether 
anaesthesia  results. 

In  the  second  or  close  method,  a  combined  gas  and  ether  inhaler  (such  as 
the  Clover,  Hewitt,  or  Bennett)  is  used.  The  acUninistration  by  the  Bennett 
inhaler  is  given  in  the  words  of  the  circular  that  accompanies  each  inhaler: 

Gas  and  Ether. — The  ether  inhaler  (Fig.  87)  is  charged  with  ether  and  arranged 
as  described  on  page  192,  the  bag  being  omitted.  The  gas  inhaler  is  arranged  as  de- 
scribed on  the  same  page,  the  bag  being  completely  filled  with  gas  and  disconnected 
from  the  tube  at  the  stop-cock  F,  which  is  to  be  closed.  The  gas  inhaler  is  now  con- 
nected with  the  chimney  of  the  ether  inhaler.  The  face-piece  being  perfectly  ap- 
plied, the  tap  E  is  closed  and  gas  is  breathed  through  valves.  When  the  gas  bag  has 
been  two-thirds  or  three-fourths  emptied,  the  aperture  D  is  closed  by  turning  the 
thumb-screw  of  the  gas  inhaler.  Gas  is  now  breathed  back  and  forth.  The  patient 
is  at  this  time  unconscious,  or  nearly  so,  and  ether  is  to  be  turned  on  as  described 
on  page  193,  though  somewhat  faster.     In  about  one  minute  signs  of  complete  gas 
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Fig.  S7. 


-Apparatus  for  tlie  Administration  of 
Gas  and  Ether. 


anaesthesia  will  appear  if  the  face-piece  has  been  well  applied  (cyanosis,  jerky, 
snoring  respiration,  twitching  movements  in  the  extremities)  and  are  to  be  met 
by  opening  the  tap  E  for  two  or  three  respirations.  The  tap  is  again  closed,  and  the 
inhalation  of  gas  plus  ether  is  continued,  an  occasional  breath  or  two  of  air  being 
allowed.     In  this  way  the  gas  anaesthesia  subsides,  while  the  ether  narcosis  becomes 

complete.      After  about  one  minute 
J!i'  and  a   half  the  gas  may  be  discon- 

tinued, the  gas  inhaler  and  bag  should 
D  ■-•fwrMii'  fD|  ^  m,         ^^^  ^^  removed,  and  the  ether  bag  substi- 

tuted.    The  administration  now  pro- 
ceeds as  described  on  page  192. 

In  most  cases  one  bag  full  of 
gas  (two  gallons)  is  sufficient,  but 
in  difficult  subjects  the  bag  may  be 
left  connected  with  the  cylinder  and 
a  constant  flow  of  gas  continued 
until  distinct  signs  of  gas  anaes- 
thesia appear. 

In  the  ethyl  chloride-ether  se- 
quence from  3  to  5  c.c.  of  the  drug 
is  sprayed  into  a  Ware's,  Bengue,  or  sonmoforme  inhaler  and  administered 
imtil  the  patient  is  unconscious,  as  shown  by  rapid,  stertorous  breathing  and 
dilated  pupil.  A  change  is  then  made  to  ether,  which  should  be  given  on  a 
semi-open  or  close  inhaler  and  pushed  to  complete  anaesthesia.  Anaesthesia 
usually  results  very  rapidly,  patients  being  made  ready  for  operation  in  from 
two  to  five  minutes. 

The  somnoforme-ether  sequence  is  administered  in  the  same  manner  as  the 
ethyl-chloride  sequence,  a  sonmoforme  inhaler  being  used  for  the  purpose. 

By  fitting  the  Bennett  ether  inhaler  with  a  small  tube  at  the  neck  of  the 
ether  bag,  to  which  the  vial  containing  ethyl  chloride  or  somnoforme  may  be 
connected  and  sprayed  into  the  bag,  we  have  a  very  suitable  apparatus  for 
either  of  these  sequences.  When  signs  of  anaesthesia  occur,  the  administration 
of  ethyl  chloride  or  somnoforme  is  discontinued  and  ether  is  turned  on  from 
the  previously  charged  ether  chamber. 

The  A.  C.  E.  or  the  Ansesthol  or  the  chloroform- ether  sequence  is  useful  in 
difficult  subjects,  such  as  athletes,  alcohoUcs,  and  obese  patients,  and  in  many 
cases  of  disease  of  the  respiratory  and  circulatory  systems  in  which  it  is  im- 
portant to  avoid  undue  stimulation  of  the  respiration  or  circulation.  The 
chloroform  seems  to  produce  exactly  the  form  of  anaesthesia  which  is  neces- 
sary for  controlling  these  patients,  while  the  ether  counteracts  any  depression 
of  respiration  or  circulation. 

The  mixture  or  chloroform  is  given  by  the  constant-tlrop  method  on  an 
Esmarch  or  Schimmelbusch  mask.     The  administration  should  be  rather  rapid 
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at  first  until  the  respiration  becomes  regular  and  fainth-  stertorous,  or  until 
signs  of  excitement  or  rigidity  begin — a  change  which  usually  takes  place  in 
from  three  to  five  minutes.  Ether  on  an  open  or  a  semi-open  inhaler  is  then 
substituted,  care  being  taken  to  avoid  the  reflex  holding  of  the  breath  which 
follows  when  too  concentrated  an  ether  vapor  is  given. 

Complete  anaesthesia  usually  results  in  from  four  to  six  minutes,  and,  as  a 
rule,  there  is  no  coughing,  no  excess  of  mucus  or  saUva,  nor  any  struggUng.  At 
the  begimiing  of  the  administration  the  same  precautions  as  to  respiration  and 
pulse  are  necessary  as  in  the  administration  of  chloroform. 

Post-anaesthetic  sickness  is  less  conmnon  than  when  clilorofomi  or  ether 
alone  is  used. 

In  the  nitrous  oxide-ether-chlorofonn  sequence  the  procedure  is  the  same 
as  in  the  nitrous  oxide-ether  sequence.  After  the  required  dose  of  ether  has 
been  given,  three  or  four  inspirations  of  fresh  air  are  allowed,  and  then  chloro- 
fonn  is  atbninistered  on  an  Esmarch  or  Schimmelbusch  mask,  gradually  at 
first  and  then  more  rapidly,  and  continued  as  in  a  simple  chloroform  adminis- 
tration. The  ether  stimulates  the  circulation  and  respiration  and  makes  the 
subsequent  use  of  chlorofonn  safer. 


V.  CHOICE  OF  AX.ESTHETIC  AGENTS  .\XD  METHODS, 

Ob\"iously,  in  selecting  an  aniesthetic,  the  first  consideration  should  be  the 
question  of  its  safety.  Yet,  because  one  agent  is  statistically  safer  than  an- 
other, it  does  not  follow  that  it  is  safer  in  every  case. 

To  obtain  the  best  results  the  anaesthetist  shoulil  personally  examine  and 
direct  the  prejmration  of  his  patient,  carefully  stutUHng  the  case  as  to  age, 
physical  and  mental  characteristics,  history  of  pre\'ious  amrsthesias,  general 
condition,  etc.,  before  deciding  upon  the  agent  and  method  to  be  used.  The 
operation  should  also  be  considered  as  to  the  anatomical  field,  the  posture 
which  will  be  required,  and  the  probable  duration  and  depth  of  anaesthesia 
that  will  be  necessary.  With  diseased  patients  who  require  anaesthetics,  great 
care  in  the  preparation  of  the  patient  and  the  proper  selection  of  the  anaes- 
thetic is  necessary. 

It  should  be  remembered  that  the  anaesthetic  state  is  always  unsafe,  and 
especially  so  in  the  critical  cases  about  to  be  described.  Therefore  every 
minute  less  of  anaesthesia  is  in  the  patient's  favor,  and  the  administration 
should  never  be  commenced  until  the  surgeon  is  ready  to  begin  operating. 
EA'en  in  normal  subjects  it  is  entirely  imwarrantable  that  patients  be  anaesthe- 
tized several  minutes  before  the  operation  is  begun,  ana  in  diseased  patients  it 
is  hazardous. 
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Anesthetization  of  Infants  and  Children. 

Nitrous  oxide  should  not  be  used  in  infants.  It  produces  asphyxial  synip- 
toTTis  voiy  rapidly,  and  involuntary  micturition  is  apt  to  occur.  It  is  also  un- 
necessai\y,  as  infants  and  very  young  children  often  have  no  remembrance  of 
inhaling  anaesthetics.  Chloroform  is  no  safer  in  infants  and  children  than  in 
adults,  except  that  resuscitating  measures  are  more  easily  performed  in  the 
former.  Mixtures  given  by  the  open  method,  drop  by  drop,  work  well  and 
produce  less  irritation  of  the  respiratory  passages  than  ether. 

Infants  and  children  can  be  easily  chloroformed  while  asleep,  if  sufficient 
care  be  used,  and  then  a  change  made  to  ether.  Ether  by  the  open  method  is 
the  safest  routine  method  for  anaesthetizing  infants.  There  are  some,  how- 
ever, who  consider  chloroform  safer  in  youth  than  in  adult  life,  because  of  the 
acquired  tissue  changes,  in  the  latter  period,  which  contribute  to  conditions 
believed  by  many  to  contra-indicate  the  use  of  chloroform. 

In  the  older  children  nitrous  oxide  may  be  used,  although  when  under  five 
or  six  years  old  they  may  have  screaming,  cyanosis,  involuntary  micturition, 
jactitation,  and  sometimes  even  opisthotonos.  Just  enough  nitrous  oxide  to 
produce  loss  of  consciousness  should  be  given,  with  a  view  to  avoiding  these 
symptoms.  The  apparatus  often  frightens  them  and  they  may  have  to  be 
firmly  held  in  order  to  allow  a  proper  approximation  of  the  face-piece. 

Ethyl  chloride  works  well  and  is  safe  in  children.  If  they  can  be  pursuaded 
to  inhale  two  or  three  breaths,  anaesthesia  will  result  rapidly,  usually  without 
struggUng  or  cyanosis. 

Children  who  are  obstinate  or  terrified  should  always  be  firmly  restrained 
and  consciousness  overcome  as  rapidly  as  possible  by  nitrous  oxide  or  ether. 
Anaesthetic  mixtures  and  chloroform  should  not  be  used  upon  crying  and  strug- 
gling children,  as  it  is  difficult  to  gauge  the  amount  that  is  being  inhaled,  and 
consequently  overdosing  may  result. 

A  good  way  to  induce  anaesthesia  in  timid  children  is  by  means  of  a  few 
drops  of  A.  C.  E.  on  a  handkerchief  or  mask,  ether  being  then  used  to  deepen 
and  maintain  the  anaesthesia. 

Chloroform  may  well  be  avoided  in  children  unless  necessary,  on  account 
of  frequent  bronchial  irritation,  etc. 

In  general,  the  best  and  safest  method  for  children  is  to  give  ether  by  the 
open  or  semi-open  method,  preceded  in  younger  children  by  an  anaesthetic 
mixture  and  in  older  ones  by  nitrous  oxide. 

Morphine  and  atropine  may  be  cautiously  used  in  older  children,  i.e.,  chil- 
dren over  ten  or  twelve  years,  and  then  in  very  small  doses,  2V  to  tV  of  a  grain 
of  morphine  with  ^^  of  atropine  being  enough.  Atropine  given  by  the 
mouth  twenty  minutes  before  administering  the  anaesthetic  will  prevent  the 
excessive  secretion  of  mucus  and  saliva  so  common  in  children. 
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Anesthetization  of  Aged  Patients. 

Patients  over  sixty  years  of  age  are  apt  to  have  respiratory  troubles  such 
as  asthma,  chronic  bronchitis,  etc.,  or  senile  changes  in  the  circulatory  system, 
as  arteriosclerosis,  etc.  It  is  desirable,  therefore,  to  select  anaesthetics  that 
will  cause  tranquil  respiration  and  not  overtax  the  circulation.  This  cannot 
well  be  done  ^sath  gas  or  ether  when  used  from  the  beginning.  Chloroform 
usually  acts  well  in  the  aged  and  is  safer  than  in  youth  or  middle  age,  because 
respiratory  embarrassment  is  less  apt  to  occur,  although  the  behavior  of  the 
circulation,  and  especially  that  of  the  heart,  should  be  carefully  watched  for 
signs  of  overdose.  Oxygen  adds  materially  to  the  safety.  Anaesthetic  mixt- 
ures also  act  well  and  produce  a  sUghtly  more  Aagorous  respiration  and  cir- 
culation, which  may  be  ^desirable  in  some  cases.  Speaking  generally,  the 
chloroform  element  is  more  desirable  in  the  aged  than  the  ether,  although 
the  latter  is  by  no  means  contra-indicated.  The  chloroform-ether  sequence  or 
the  A.  C.  E.-ether-chloroform  sequence  is  usually  satisfactory. 

In  regard  to  sex,  women  are  easier  to  control  by  anaesthetics  than  men. 
They  are  much  more  apt  to  exaggerate  the  disagreeable  effects  of  inhaUng 
ether  or  chloroform,  and  consequently  these  agents  should  usually  be  preceded 
by  nitrous  oxide,  ethyl  chloride,  or  somnoforme. 

Anesthetiz.\tion  of  So-called  "Difficult  Subjects." 

Some  patients  are  difficult  to  control  by  anaesthetics.  Alcoholics,  excessive 
smokers,  strong,  athletic,  nervous,  high-colored,  full-blooded  persons;  persons 
who  lead  out-of-door  lives;  obese,  high-li\ing  persons:  short,  thickset,  short- 
necked  persons,  as  a  class,  afford  famihar  examples  of  chfficult  subjects. 

Negroes  are  apt  to  be  difficult  subjects.  They  are  usually  nervous  and 
tend  to  secrete  large  quantities  of  mucus  especially  when  under  ether. 

Full  beards  or  mustaches  may  cause  difficulties  by  interfering  with  the 
proper  control  of  air  which  enters  about  the  hair.  Under  nitrous  oxide  dif- 
ficult subjects  show  intense  cyanosis,  rigidity,  jactitation,  struggling,  etc., 
and  they  recover  almost  immediately  from  anaesthesia.  Under  ether  they 
develop  marked  excitement,  struggling,  cyanosis,  and  an  excess  of  mucus  and 
saliva;  the  respu-ation  is  rapid,  turbulent,  and  loudly  stertorous;  the  pulse  is 
full,  rapid,  and  bouncUng;  and  it  is  almost  impossible  to  produce  muscular 
relaxation.  Under  chloroform,  excitement  and  struggling,  cyanosis,  respira- 
tory spasm,  and  lack  of  muscular  relaxation  occur.  Such  persons  consume 
enormous  quantities  of  any  anaesthetic,  recover  quickly,  and  usually  have  little, 
if  any,  post-anaesthetic  sickness. 

If  difficult  subjects  have  also  deviations  of  the  nasal  septimi,  enlarged  lower 
turbinates,  collapsed  nasal  alae,  enlarged  tonsils,  or  adenoid  vegetations,  the 
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difficulties  are  much  increased.  These  difficulties  can  be  largely  avoided  by 
having  at  hand  tubes  of  soft  but  firm  rubber  which  can  be  passed  along  the 
floor  of  the  nasal  passage.  These  should  be  sufficiently  large  (about  three- 
eightlis  of  an  inch  for  adults)  to  insure  good  breathing  space,  and  long  enough 
to  reach  from  the  vestibule  of  the  nose  to  below  the  soft  palate.  If  the  opera- 
tion is  to  be  about  the  mouth,  the  tubes  may  be  extended  to  the  level  of  the 
epiglottis,  and  the  pharynx  packed  with  gauze,  as  advocated  by  Crile.  Before 
they  are  used,  the  tubes  should  be  thoroughly  cleansed  and  an  antiseptic  lubri- 
cant appHed. 

In  administering  gas  to  difficult  subjects,  an  accurately  fitting  face-piece 
should  be  used  and  air-exclusion  carefully  practised  for  the  first  few  respirations. 
Large  quantities  of  gas  (say,  six  or  seven  gallons)  may  be  necessary  to  induce 
ansesthesia,  and  a  steady  stream,  sufficiently  vigorous  to  cause  a  slight  positive 
pressure  of  gas  in  the  bag,  should  be  kept  flowing.  A  semi-open  or  close  inhaler, 
fully  charged  with  ether,  may  then  be  substituted. 

It  is  usually  very  difficult  to  induce  anaesthesia  with  ether  in  these  subjects, 
owing  to  the  excitement,  struggling,  coughing,  rigidity,  cyanosis,  etc.,  which 
occur,  and  to  the  enormous  quantities  of  the  anaesthetic  necessary.  For  main- 
taining anaesthesia  induced  by  gas  or  chloroform,  ether  in  a  semi-open  or  close 
inhaler  may  be  used.  With  the  close  method,  cyanosis,  very  exaggerated 
breathing,  and  rigidity  are  apt  to  occur,  and  the  writers  believe  that  the  semi- 
open  method,  although  consuming  larger  quantities  of  ether,  produces  better 
results  in  these  patients,  especially  if  used  in  conjunction  wiih  morphine  and 
atropine. 

Chloroform  is  particularly  dangerous  to  use  in  this  class  of  patients  owing 
to  the  frequency  of  struggling  and  excitement,  the  spasmodic  arrest  of  respira- 
tion, etc.,  that  occur  during  its  use.  It  may  be  employed  to  induce  anaesthe- 
sia, as  may  also  mixtures,  if  used  with  caution.  It  should  be  given  rather 
rapidly  for  one  to  two  minutes,  and  then  a  change  should  be  made  to  ether  the . 
moment  the  respiration  becomes  regular  or  an}^  signs  of  struggling  appear. 
The  ether  may  be  given  with  plenty  of  air  on  a  strongly  charged  semi-open 
inhaler  until  the  stage  of  excitement  has  subsitled. 

The  best  methods  to  use  in  difficult  subjects  are  the  nitrous  oxide-ether- 
chloroform  sequence,  and  the  A.  C.  E. -ether-chloroform  sequence,  used  in  con- 
junction with  morphine  and  atropine.  A  relatively  large  dose  of  morphine 
and  atropine  should  be  given  half  an  hour  before  starting  the  anaesthetic,  and 
the  sequences  administered  in  the  manner  already  describetl. 

Intensely  nervous  and  terrified  patients,  such  as  hysterical  women,  may 
refuse  or  be  unable  to  keep  the  head  still  long  enough  to  perniit  of  a  successful 
induction  of  ana^'sthesia  by  nitrous  oxide.  These  i)atients  may  either  be  sys- 
tematically restrained  and  put  rapidly  under  the  influence  of  the  gas  or  grad- 
ually anirsthetized  by  A.  C.  E.  or  chloroform.     If  the  latter  method  is  em- 
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ployed,  plenty  of  air  should  be  allowed  and  the  patient  constantly  encouraged 
and  reassured;  at  the  same  time  the  drug  should  be  administered  freely,  in 
order  to  secure  anaesthesia  as  quickl}-  as  possible. 

The  Choice  of  Methods  for  Different  Operations. 

Certain  operations,  on  account  of  anatomical  location  or  the  posture  of  the 
patient  during  the  operation,  require  special  methods.  The  follo\^•ing  classifi- 
cation gives  the  most  important  of  these  operations: 

Operations  of  Cerebral  Surgery. 

These  patients  are  usually  very  easy  to  control,  require  little  of  the  anaes- 
thetic, and  are  easily  over-ansesthetized.  Therefore,  the  anaesthetic  should  be 
administered  sparingly  and  cautiously. 

It  is  well  to  avoid  nitrous  oxide,  as  it  raises  arterial  tension  and  may  start 
up  bleeding.  It  is  also  unnecessary,  as  these  patients  are  often  more  or  less 
unconscious.  Ether  should  not  be  given  from  the  beginning,  on  account  of 
starting  up  bleeding  and  struggUng.  As  a  rule,  chloroform  or  a  mixture  is 
the  best  agent  to  use.  It  should  be  given  drop  by  drop,  and  may  be  followed 
by  ether  if  circulatory  or  respiratory  depression  appear. 

As  a  rule,  mi.xed  anaesthesia  should  be  avoided,  especially  if  there  is  shock 
or  coma.  It  may  be  useful,  however,  in  patients  who  are  \'iolent  or  delirious 
before  operation.     It  tranquillizes  the  patient  and  lessens  bleeding. 

Ophthalmic  Operations. 

These  operations  are  mostly  of  short  duration  and  require  only  hght  anaes- 
thesia ;  indeed,  in  not  a  few  cases  local  anaesthesia  suffices.  Iridectomy  and  enu- 
cleation of  the  eye  have  been  done  under  nitrous  oxide,  nitrous  oxide  and 
oxygen,  ethyl  chloride,  or  somnoforme.  As  a  rule,  however,  ether  or  chloro- 
form will  be  found  necessar}-.  It  is  important  to  give  the  surgeon  as  clear  a 
field  as  possible — a  thing  which  is  hard  to  do  with  an  inhaler  on  the  face.  Pa- 
tients may  be  profoundly  anaesthetized  with  ether,  and  the  operation  performed 
during  the  anaesthesia  that  results  after  the  withdrawal  of  the  inhaler.  The 
selection  of  the  anaesthetic  depends  more  upon  the  patient's  general  character- 
istics than  upon  the  operation. 

If  rectal  anaesthesia  were  simpler  and  safer,  it  would,  of  course,  be  ideal  for 
ophthalmic  practice. 

Operations  of  Aural  Surgery. 

Paracentesis  of  the  membrana  t}Tnpani  may  be  easily  done  under  nitrous 
oxide  (with  or  without  oxj-gen),  ethyl  chloride,  or  somnoforme,  or  under  a 
light  ether  or  chloroform  anaesthesia. 
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Mastoid  operations,  however,  require  a  deep  anaesthesia  with  ether,  chloro- 
form, or  an  anaesthetic  mixture.  There  is,  of  course,  less  bleeding  after  the 
latter,  and  a  good  general  method  might  be  the  nitrous  oxide-ether-chloroform 
(or  mixture)  sequence.  Morphine  and  atropine  are  helpful  in  small  doses, 
lessening  the  bleeding  and  the  necessary  amount  of  the  anaesthetic. 

Operations  of  Oral  and  Nasal  Surgery. 

In  these  operations  the  posture  of  the  patient  is  important.  We  recognize 
in  general  four  positions : 

1.  Dorsal  with  head  extended; 

2.  Trendelenburg; 

3.  Sitting  or  "bent  forward"; 

4.  Lateral. 

The  dorsal  posture  allows  drainage  through  the  nose  and  gives  an  excellent 
view  of  the  back  part  of  the  mouth  and  pharynx.  If,  however,  there  is  nasal 
obstruction,  blood  or  pus  may  collect  in  the  naso-pharynx  and  require  careful 
and  constant  sponging. 

The  Trendelenburg  posture  provides  good  drainage  away  from  the  larynx, 
but  has  the  disadvantage  of  increasing  hemorrhage. 

In  the  sitting  posture  the  patient  is  placed  upright  in  a  firm  chair,  with  a 
pillow  or  the  anaesthetist's  knee  as  a  support  for  the  back.  Drainage  is  ob- 
tained by  tilting  forward  the  patient's  head  at  intervals.  This  posture  contra- 
indicates  the  use  of  chloroform. 

In  the  lateral  posture  the  patient  is  placed  on  his  side  and  the  head  raised 
by  a  pillow  until  it  is  in  line  with  the  body.  Excellent  drainage  into  the  lower 
cheek  results,  and  coughing  and  swallowing  are  not  interfered  with.  The  post- 
ure is  rather  awkward,  however,  for  some  operators,  who  find  it  difficult  to  ob- 
tain a  good  view  of  the  back  of  the  mouth. 

In  any  of  these  postures,  profound  anaesthesia  with  ether,  following  nitrous 
oxide,  ethyl  chloride,  somnoforme,  or  a  chloroform  mixture,  is  the  rule.  If  the 
cautery  is  to  be  used,  a  change  to  chloroform  should  be  made  two  or  three  min- 
utes beforehand. 

Operations  around  the  Nose  and  Throat. 

Tonsils  and  Adenoid  Vegetations. — In  these  operations  the  employment  of 
ether,  preceded  by  a  small  amount  of  gas,  except  in  very  young  children,  is 
the  best  method.  The  patient  should  be  placed  in  the  upright  posture,  and  the 
head  and  body  rapidly  tilted  forward  whenever  the  throat  fills  with  blood.  The 
anaesthesia  should  be  light. 

Intranasal  Operations. — These  include  operations  for  polypi  and  for  devia- 
tions of  the  septum,  turbinotomies,  etc.  On  account  of  the  nasal  obstruction 
which  exists  in  such  cases,  A.  C.  E.  rather  than  nitrous  oxide  should  be  used  to 
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induce  anaesthesia,  which  is  to  be  maintained  by  ether.  The  sitting  posture 
is  the  best,  but  if  A.  C.  E.  has  been  used  the  patient  should  be  anaesthetized 
in  the  dorsal  posture  and  not  placed  upright  until  he  is  well  under  the  influence 
of  the  ether. 

Operations  on  the  Antrum  of  Highmore. — These  cases  are  trjdng  to  the 
anaesthetist,  whose  best  procedure  is  to  use  the  nitrous  oxide-ether  sequence 
until  profound  anaesthesia  is  secured,  after  which  the  effect  may  be  maintained 
by  the  Greene  thermo-ether  inhaler. 

The  best  position  is  the  lateral,  with  the  posterior  nares  plugged  with  gauze. 

Cleft-Palate  Operations. — Continuous  deep  anaesthesia  is  absolutely  neces- 
sary in  these  operations,  and  is  best  accomplished  in  the  manner  described 
imder  ''  Operations  on  the  Antrum."  The  patient  should  be  placed  in  the  dor- 
sal posture  slightly  modified  by  the  Trendelenburg  position,  and  with  the  head 
in  extreme  extension.  The  tongue  should  be  held  forw^ard  by  a  Ugature  passed 
through  the  median  raphe. 

Operations  on  the  Lips  and  Cheeks. 

In  these  the  patient  should  be  placed  in  the  lateral  posture  and  the  gas- 
ether  sequence  should  be  employed.  In  some  cases  where  bleeding  is  profuse, 
the  nasal  tubes  described  on  page  214  may  be  introduced  and  carried  back  as 
far  as  to  the  epiglottis,  the  back  of  the  mouth  being  packed  ^^^th  gauze. 

Extirpation  of  the  Tongue. 

This  operation  is  usually  performed  for  malignant  disease  and  in  patients 
who  are  advanced  in  years. 

It  may  be  done  in  the  upright,  lateral,  or  Rose's  posture.  The  latter  post- 
ure, in  which  the  head  is  in  extreme  hyperextension  and  the  shoulders  well 
propped  up,  is  preferred  by  some  surgeons  o\s-ing  to  the  fact  that  no  blood  can 
be  swallowed  or  inhaled.  The  writers  prefer  the  upright  posture,  however, 
and  believe  the  following  to  be  the  best  method  of  procedure: 

A  relatively  large  dose  (gr.  I — ^)  of  morphine  v^dth  atropine  should  be 
given  half  an  hour  before  the  anaesthetic  is  achninistered.  The  patient  being 
recumbent,  anaesthesia  should  be  induced  with  a  chloroform  mixture,  and  then, 
as  soon  as  consciousness  is  lost,  ether  dropped  on  a  semi-open  inhaler  should 
be  substituted.  When  profound  anaesthesia  is  obtained  the  patient  may  be 
placed  upright  and  strapped  in  the  operating  chair,  the  head  being  properly 
supported  and  neither  flexed  nor  extended.  The  anaesthetist,  standing  be- 
hind or  to  one  side  of  the  patient,  may  hold  the  head  himself  or  detail  an  assist- 
ant for  this  purpose.  Anaesthesia  may  be  maintained  by  the  Greene  thermo- 
ether  inhaler,  a  gag  or  mouth-prop  holding  the  mouth  open  and  allowing  the 
surgeon  to  work  ^^^thout  interruption;  or  the  anaesthetic  may  be  entirely  with- 
drawn when  the  surgeon  begins  operatmg,  and  reapplied  when  the  patient 
shows  signs  of  commencing  recovery.     Owing  to  the  action  of  the  morphine, 
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patients  will  often  remain  aniesthetized  for  fifteen  or  twenty  minutes,  or  even 
longer,  allowing  the  surgeon  to  complete  the  operation  without  interruption. 
Rectal  anaesthesia  has  been  successfully  used  in  these  cases,  and  would,  of 
course,  be  the  ideal  method  were  it  not  for  its  difficulties  and  dangers. 

Operations  on  the  Neck. 

1.  Tracheotomy. — This  operation  is  best  performed  under  cocaine  anaesthe- 
thesia,  but  is  frequently  done  under  general  anaesthesia,  as  a  step  in  the  opera- 
tion of  laryngotomy  or  laryngectomy.  The  best  anaesthetic  to  use  in  these  opera- 
tions is  chloroform  or  a  mixture  containing  it,  and  the  best  posture  is  the 
Trendelenburg.  This  prevents  blood  and  mucus  from  entering  the  lungs  and 
makes  the  maintenance  of  anaesthesia  by  chloroform  safer. 

The  tracheotomy  tube  having  been  inserted,  anaesthesia  may  be  maintained 
by  chloroform  given  on  an  Esmarch  mask  held  over  the  tracheotomy  tube  or  by 
Krohne's  regulating  chloroform  inhaler  fitted  with  the  bent  silver  tube  (Fig.  83). 

2.  Thyroidectomy  calls  for  a  careful  selection  and  administration  of  the  an- 
aesthetic, especially  if  the  growth  is  large  enough  to  press  upon  or  dislocate 
the  trachea. 

Nitrous  oxide  is  usually  contra-indicated  in  these  cases  owing  to  the  ha- 
bility  to  asphyxia  that  results  from  delayed  elimination  of  the  gas. 

Ether  also  is  unsuitable,  as  it  produces  engorgement  of  the  mucous  mem- 
brane of  the  upper  respiratory  passages  and  consequently  increases  narrowing 
of  the  air-way. 

Chloroform  or  a  chloroform  mixture  is  to  be  preferred,  as  it  produces  no  engorge- 
ment and  does  not  cause  cough  or  the  excessive  production  of  mucus  or  saUva. 

Before  starting  the  anaesthetic  in  neck  cases,  it  is  important  thoroughly  to 
loosen  or  cut  away  all  bandages  about  the  neck,  and  at  the  conclusion  of  the 
operation  to  guard  against  too  tight  bandaging. 

A  good  method  of  procedure  is  to  give  a  dose  of  morphine  with  atropine 
half  an  hour  before  beginning  the  administration.  The  patient  should  be 
allowed  to  adopt  the  position  in  which  breathing  is  easiest,  and  as  many  pil- 
lows as  he  desires  may  be  allowed. 

Anaesthesia  should  be  induced  with  chloroform  or  with  an  anaesthetic  mixt- 
ure, which  may  be  continued  throughout  the  operation,  a  change  being  made 
to  ether  if  too  great  circulatory  or  respiratory  depression  occurs.  When  anaes- 
thesia is  complete  the  head  may  be  extended,  as  required  by  the  surgeon,  by 
removing  one  by  one  the  pillows. 

In  all  operations  of  this  nature  the  surgeon  or  the  anaesthetist  should  be 
prepared  for  immediate  tracheotomy. 

In  thyroidectomy  for  exophthalmic  goitre,  the  tachycardia  adds  considerable 
danger  to  the  operation,  and  therc^fore  the  circulation  must  be  carefully  watched. 
The  mode  of  procedure  is  the  same. 
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3.  Operations  far  diseased  lymph  nodes  in  the  neck  often  piesent  difficulties  to 
the  anaesthetist,  persistent  cyanosis,  excessive  secretion  of  mucus,  and  respiratory 
spasm  being  the  commonest.  The  preUminary  use  of  morphine  and  atropine 
tends  to  do  away  with  the  superabundant  mucus  and  the  spasm,  but  in  order 
to  keep  the  color  good  the  use  of  oxygen  may  be  necessary.  These  patients 
are  often  the  subjects  of  tuberculosis  and  \n\\  secrete  mucus  freely,  especially 
if  ether  is  employed. 

The  use  of  morphine  and  atropine  and  a  careful  administration  of  a  chloro- 
form mixture  are  to  be  recommended  in  these  cases.  The  A.  C.  E.-ether  se- 
quence may  work  well,  or  the  nitrous  oxide-ether-chloroform  sequence  may  be 
tried,  although,  as  a  rule,  it  is  well  to  avoid  the  use  of  gas. 

Operations  Requiring  the  Prone  Posture. 

The  prone  posture  interferes  considerably  \nXh  respiration,  complete  chest 
expansion  being  impossible.  This  must  be  compensated  for  by  maintaining  a 
light  anaesthesia,  which  can  be  safely  done  owing  to  the  good  drainage  for  mucus, 
vomitus,  etc.,  that  the  prone  posture  insures.  Anaesthesia  should  be  induced 
in  the  dorsal  posture,  and  the  patient  deeply  anaesthetized;  then  he  should  be 
turned  into  the  prone  posture,  after  which  the  anaesthesia  may  be  allowed  to 
become  much  lighter. 

Among  operations  requiring  this  posture  may  be  mentioned  laminectomy 
and  Kraske's  operation  for  resection  of  the  rectmn.  The  subjects  of  both  of 
these  operations  are  apt  to  be  weakened  by  disease,  and  hence  great  care  on 
the  part  of  the  anaesthetist  is  necessary  under  these  circumstances.  The  cir- 
culation should  be  carefully  watched  for  signs  of  shock  and  hemorrhage,  and 
over-ansesthetization  should  be  guarded  against.  Ether  should  be  used  for 
maintaining  the  anaesthesia.  It  may  be  wise  in  some  cases  of  laminectomy, 
especially  those  at  the  upper  dorsal  and  lower  cerxical  region,  to  draw  the  body 
upward  so  that  the  upper  thorax  can  be  supported  by  an  assistant,  thus  remov- 
ing the  weight  of  the  body  from  the  table,  and,  so  far  as  possible,  any  interfer- 
ence v\-ith  the  crippled  respiratory  act. 

Abdominal  Operations. 

Abdominal  operations  require  profound  anaesthesia  ^\"ith  complete  muscu- 
lar relaxation  and  tranquil  respiration.  This  rules  out  nitrous  oxide  as  an 
agent  for  maintaining  anaesthesia  in  abdominal  siu-gery,  although  in  certain 
favorable  subjects  nitrous  oxide  and  oxygen  will  produce  muscular  relaxation. 

Ether  or  chloroform  is  the  best  agent  to  us^,  and  morpliine  and  atropine 
may  be  necessary  to  insure  quiet  breathing  and  muscular  relaxation.  Ether 
is,  on  the  whole,  to  be  preferred,  as  circulatory  depression  is  less  Ukely  to  occur 
than  with  chloroform.  In  many  cases,  however,  ether  fails  completely  to  re- 
lax the  muscles,  and  chloroform  becomes  necessary.     Anaesthesia  may  be  in- 
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duced  by  any  agent  that  the  patient's  physical  characteristics  seem  to  call  for. 
The  nitrous  oxide-ether,  the  nitrous  oxide-ether-chloroform,  and  the  A.  C.  E.- 
tether  sequences,  in  conjunction  with  morphine  and  atropine,  may  all  be  used 
to  advantage  in  abdominal  surgery. 

Operations  Requiring  the  Lithotomy  Posture. 

These  operations  can  usually  be  done  under  a  light  anaesthesia.  This  is 
especially  true  of  the  common  gynaecological  operations,  such  as — 

Dilating  and  curetting,  and 

Repair  of  the  cervix  and  perineum. 

In  such  a  series  of  operations  a  very  light  anaesthesia  would  suffice  for  the 
first  two  procedures,  while  for  the  perineal  operation  the  anaesthesia  would 
have  to  be  deepened  several  degrees. 

The  operations  for  haemorrhoids,  whether  by  clamp  and  cautery  or  by 
excision,  require  a  deep  anaesthesia  at  first  and  during  the  stretching  of  the 
sphincter.  In  the  latter  part  of  the  operation,  however,  the  anaesthesia  can  be 
lightened  several  degrees. 

Perineal  urethrotomy  can  be  done  under  a  fairly  light  anaesthesia. 

As  a  rule,  a  mixture  of  gas  and  ether  by  the  close  method  works  well  in 
these  operations. 

In  the  Sims,  lateral,  or  prone  postures,  excellent  drainage  is  provided  for 
mucus,  saliva,  or  vomitus,  and  a  light  anaesthesia  can  be  easily  maintained. 
It  must  be  remembered  that  the  movements  of  the  thorax  are  considerably 
limited  in  these  postures,  and  over-anaesthetization  should  be  guarded  against. 

Amputations,  Reduction  of  Dislocations,  Setting  Fractures,  etc. 

Amputations  should  be  performed  under  a  light  anaesthesia.  The  patients 
are  often  in  a  state  of  shock  or  weakness,  and  ether  is  the  best  anaesthetic, 
except  in  cases  of  senile  gangrene  with  arterial  disease,  when  chloroform  is  to 
be  preferred.  Muscular  relaxation  is  not  always  necessary;  otherwise  a  light 
anaesthesia  should  be  maintained. 

For  the  reduction  of  dislocations  and  the  setting  of  fractures,  more  profound 
anaesthesia  is  necessary.  Ether  is  usually  sufficient,  although,  when  complete 
relaxation  is  necessary,  ether  may  be  supplemented  with  chloroform. 


VI.    DISEASES  AND   CONDITIONS  REQUIRING  SPECIAL  METHODS. 

Anaemia. 

Anaemic  patients  are,  as  a  rule,  easily  controlled  by  anaesthetics.  In  moder- 
ate anaemia  no  change  from  routine  methods  is  necessary.  In  pronounced  anaemia 
nitrous  oxide  and  all  methods  requiring  limitation  of  air  are  contra-indicated 
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casing  to  the  rapid  development  of  asph\-xia  which  results  in  these  cases. 
Ether  is  well  borne,  but  should  be  administered  by  the  open  or  semi-open 
method  and  in  the  smallest  possible  quantity.  Chlorofonn  is  best  avoided  in 
anaemia,  and,  if  it  be  used,  great  caution  is  necessary.  Ethyl  chloride  and  som- 
noforme  are  very  well  adapted  for  inducing  anaesthesia  in  these  cases,  as  they 
do  not  produce  cyanosis  nor  asph}"xial  phenomena.  The  less  the  percentage  of 
haemoglobin  in  the  blood  the  less  will  be  the  necessary  quantity  of  the 
anaesthetic. 

Aneurism  axd  Atheroma. 

In  these  cases  the  indication  is  to  secure  a  tranquil  anaesthesia  without 
excitement,  struggUng,  or  undue  stimulation  of  the  circulatory  system. 

Nitrous  oxide,  although  it  may  eliminate  excitement  and  struggling,  in- 
creases arterial  tension  and  is  therefore  best  avoided. 

Ether  should  not  be  used  owing  to  its  exceedingly  stimulating  effect  upon 
the  circulation  and  its  liability  to  produce  struggling. 

Chloroform  or  a  mixture  is  the  best  anaesthetic  for  these  cases.  It  should 
be  used  in  conjunction  with  morphine  and  atropine,  which  should  be  given 
twenty  or  thirty  minutes  before  the  administration  of  the  anaesthetic.  The 
anaesthetic  should  be  given  rather  rapidly  at  first,  in  an  effort  to  avoid  undue 
excitement  and  struggUng.  Should  these  occur,  however,  the  administration 
should  be  cautiously  continued  as  described  under  "Administration  of  Chloro- 
form.'' 

Asthma. 

Morphine  and  atropine  should  be  given  to  diminish  secretions  and  tranquil- 
lize the  respiration. 

Nitrous  oxide  and  all  close  methods  are  contra-indicated. 

Ether  should  not  be  used  to  induce  anaesthesia,  although  it  may  be  well 
borne  in  sequence  to  chloroform. 

Chloroform  or  a  chloroform  mixture  should  be  used  to  induce  anaesthesia; 
and,  if  well  borne,  it  may  be  continued  throughout  the  operation.  But  if  it 
is  not  well  borne,  a  change  to  ether  should  be  made. 

For  short  operations  ethyl  chloride  or  somnoforme  is  well  taken  by  asth- 
matics. 

Posture  is  important  while  inducing  anaesthesia,  and  as  many  pillows  as  the 
patient  requires  in  order  to  breathe  comfortably  should  be  allowed.  These  may 
be  removed  when  consciousness  is  lost. 

Bronchitis. 

In  acute  bronchitis  operative  interference  should  be  deferred,  if  possible. 
If  it  cannot  be  deferred,  chloroform  or  a  chloroform  mixture  is  the  best  anaes- 
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thetic,  unless  the  operation  is  a  trivial  one,  Avhen  nitrous  oxide  can  be  safely 
used. 

In  chronic  bronchitis  it  is  well  to  avoid  nitrous  oxide  and  all  close  methods 
except  in  short  operations. 

Ether  should  not  be  used  at  first,  although  it  may  work  well  in  sequence  to 
chloroform. 

Chloroform  or  a  mixture,  used  in  conjunction  with  morphine  and  atropine, 
is  the  best  method  for  these  cases. 

Carbuncle. 

Patients  with  carbuncle  are  often  exhausted  by  pain  and  lack  of  sleep  and 
may  have  considerable  shock  during  ana?sthesia. 

The  operation  should  be  done  as  rapidly  as  possible  under  a  light  anaesthesia 
by  nitrous  oxide,  nitrous  oxide  and  ether,  or  ether. 

Diabetes. 

Diabetics  should  be  carefully  dieted  for  several  weeks  before  operation,  if 
possible,  in  order  to  reduce  to  a  minimum  the  sugar  in  the  urine. 

The  danger  in  anaesthetizing  diabetics  is  coma,  and  therefore  a  light  and 
brief  anaesthesia  is  imperative. 

Nitrous  oxide  sometimes  produces  temporary  glycosuria  in  health  and 
therefore  should  be  avoided. 

A  light  narcosis  with  ether  or  with  a  mixture  containing  chloroform  is  the 
best  Une  of  practice. 

Dyspncea. 

In  dyspnoea  the  selection  of  the  anaesthetic  varies,  of  course,  with  the  cause. 
Generally  speaking,  it  is  best  to  induce  and  maintain  amesthesia  by  chloroform 
or  a  chloroform  mixture,  as  these  throw  the  least  possible  strain  upon  the 
respiration. 

In  the  giving  of  an  anaesthetic,  in  cases  of  laryngeal  obstruction,  the  symp- 
torfis  are  often  so  much  aggravated  thereby  as  to  demand  prompt  operative 
relief.  Therefore  the  preparations  to  meet  this  complication  should  be  com- 
plete and  at  hand. 

Posture  is  very  important,  and  the  patient  should  be  allowed  to  adopt  any 
attitude  in  which  he  can  breathe  most  comfortably.  As  soon  as  consciousness 
is  lost  the  posture  may  be  changed  to  suit  the  requirements  of  the  operation. 

Oxygen  should  always  be  at  hand. 
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Empyema,  Pleurisy,  Abscess  of  Lung,  etc. 

Simple  paracentesis  of  the  thorax  for  pleurisy  can  be  done  under  cocaine  or 
under  a  light  anaesthesia  resulting  from  gas,  ethyl  chloride,  somnofomie,  or 
ether. 

In  all  operations  upon  the  thorax,  posture  is  of  the  utmost  importance. 
Usually  one  side  only  of  the  thorax  is  able  to  expand,  and  the  posture  should 
be  such  as  to  give  the  sound  side  the  best  possible  chance.  The  placing  of  the 
diseased  side  uppermost  prevents  the  expansion  of  the  only  available  side  of  the 
thorax,  and  cases  have  been  reported  in  which,  under  these  circmnstances,  pus 
from  an  abscess  in  the  lung  drained  into  the  sound  lung  and  suffocated  the 
patient. 

Therefore  the  sitting  posture,  or  the  lateral  posture  with  the  sound  side  up- 
permost, should  be  insisted  upon. 

Anaesthesia  may  be  induced  in  the  semi-recimibent  posture  by  a  chloroform 
mixture  or  by  chloroform.  Ether  in  an  open  or  semi-open  inhaler,  with  or 
without  oxygen,  according  to  the  patient's  condition,  should  then  be  substi- 
tuted, and  administered  for  three  or  four  minutes.  The  patient  may  now  be 
safely  placed  in  the  upright  posture  and  held  so  by  an  attendant  during  the 
operation.  A  light  anaesthesia  should  be  maintained  and  in  many  cases  the 
coughing  reflex  allowed  to  persist. 

A  bad  general  appearance,  with  pallor,  cyanosis,  or  a  pinched  look  about  the 
nose,  is  common  in  these  cases,  but  is  much  less  likely  to  occur  m  the  upright 
posture. 

If  the  lung  of  an  etherized  patient  is  opened  during  operation  the  use  of  the 
cautery  near  the  wound  is  contra-indicated. 

Heart  Disease. 

If  a  heart  lesion  is  well  compensated,  no  change  from  routine  measures  is 
necessary;  but  if  dyspnoea,  swollen  ankles,  pulmonary  oedema,  and  other  signs 
of  broken  compensation  are  present,  the  greatest  caution  is  necessary. 

As  a  rule,  in  all  heart  cases  it  is  w^ll  to  avoid  those  anaesthetics  and  methods 
which  accelerate  and  excessively  stimulate  the  respiration,  as  this  reacts  upon 
the  circulation.  Therefore  nitrous  oxide  and  close  methods  should  be  avoided. 
Ether  should  be  avoided  for  inducmg  anaesthesia  owing  to  the  excitement  and 
cxaggeratetl  breathing  that  it  produces,  but  it  may  be  used  to  advantage  in 
sequence  to  chloroform  or  a  chloroform  mixture.  The  latter  will  usually  be  the 
best  agents  for  inducing  anaesthesia.  They  may  be  continued  throughout  the 
operation  or  followed  by  ether  on  a  semi-open  inhaler.  Morphine  and  atropine 
are  useful  for  slowing  the  respiration  and  keeping  the  respiratory  passages  clear 
of  mucus.     In  myocarditis  and  in  cases  of  fatty  degeneration  of  the  heart 


224  AMERICAN   PRACTICE  OF  SURGERY. 

muscle,  chloroform  and  its  mixtures  should  be  used  with  great  caution.  Yet 
they  may  be  the  best  agents  to  use,  especially  for  inducing  ansesthesia.  When 
another  anaesthetic  is  being  employed,  the  anaesthetist  must  be  prepared  to 
change  to  ether  at  any  sign  of  failing  circulation,  and  it  may  be  well  to  do  so  as 
soon  as  anaesthesia  is  complete. 

In  cases  with  broken  compensation  anaesthesia  should  be  carefully  in- 
duced by  chloroform  or  by  a  mixture  in  the  position  in  which  the  patient  can 
breathe  most  comfortably.  According  to  the  patient's  condition  anaesthesia  may 
be  continued  by  chloroform,  by  the  mixture,  or  by  ether  on  a  semi-open  inhaler. 

Oxygen  should  be  used  in  conjunction  with  the  anaesthetic.  The  writers 
believe  that  a  small  preliminary  dose  of  morphine  and  atropine  and  the  A.  C.  E.- 
ether  sequence,  the  ether  being  given  on  a  semi-open  inhaler  with  a  constant 
stream  of  oxygen,  is  the  best  method. 

A  fairly  profound  ansesthesia  is  necessary  to  avoid  disturbance  of  the 
respiration. 

Hemorrhage. 

Nitrous  oxide  should  not  be  used  in  patients  who  are  bleeding  or  exsan- 
guinated, except  in  very  small  amounts  and  only  for  inducing  anaesthesia,  as  it 
quickly  causes  asphyxia  in  such  cases. 

Ether  is  by  all  means  the  best  agent  to  use.  It  should  be  given  by  the  open 
or  semi-open  method  and  as  sparingly  as  possible. 

Chloroform  should  be  avoided  owing  to  the  extreme  ease  with  which  cir- 
culatory depression  results  in  cases  of  hemorrhage. 

In  certain  operations,  however,  where  it  is  important  to  avoid  hemorrhage, 
as  in  cerebral  surgery,  it  may  be  best  to  use  chloroform  from  the  first,  provided 
the  patient  is  in  good  condition. 

Very  small  amounts  of  any  anaesthetic  are  sufficient  to  control  bleeding 
patients,  and  the  use  of  morphine  and  atropine  is  entirely  unnecessary.  Oxy- 
gen given  in  conjunction  with  ether  is  a  distinct  advantage. 

Obesity. 

Obese  patients  are  usually  poor  subjects  for  anaesthetics  and  often  have 
weak  hearts.  As  a  rule,  they  do  not  do  well  under  nitrous  oxide  or  ether  unless 
the  latter  be  given  in  sequence  to  chloroform  or  a  chloroform  mixture. 

The  A.  C.  E.-ether  sequence  is  probably  the  best  method  for  use  in  obesity, 
or  the  administration  of  A.  C.  E.  or  anaesthol  may  be  continued  throughout. 

Pericarditis. 

As  a  rule,  general  anaesthesia  is  unnecessary  for  paracentesis  of  the  peri- 
cardium.   If  general  anaesthesia  is  necessary,  the  short  anaesthesia  resulting 
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from  a  few  inhalations  of  nitrous  oxide,  ethyl  chloride,  sonmoforme,  or  ether 
would  be  sufficient. 

If  longer  operations  are  necessary  in  such  cases,  a  chloroform  mixture  of 
nitrous  oxide  and  oxygen  would  be  the  best  method  to  use. 

The  semi-recumbent  posture  should  be  used  during  the  induction  of  anaes- 
thesia. 

Peritonitis  and  Intestinal  Obstruction. 

These  cases  are  often  difficult  and  dangerous  to  anaesthetize. 

The  rigidity  of  the  abdominal  wall  in  peritonitis  interferes  with  the  proper 
action  of  the  diaphragm  in  respiration. 

The  regurgitation  of  faecaloid  matter,  so  common  in  intestinal  obstruction, 
may  cause  suffocation  by  being  inhaled  during  anaesthesia. 

Furthermore,  in  hospital  practice  these  cases  are  apt  to  come  to  operation 
hea^'ily  narcotized  wdth  morphine  to  relieve  long-continued  pain.  If  the  an- 
aesthetist is  not  aware  of  this,  dangerous  respiratory  depression  may  occur  dur- 
ing anaesthesia. 

As  a  preliminary  precaution  the  stomach  of  patients  who  are  vomiting 
should  be  washed  out.  The  washing  should  be  done  before  the  induction  of  an- 
aesthesia, and  the  stomach  tube  may  be  left  in  during  anaesthesia  without  in 
the  least  interfering  w^th  a  good  acbninistration.  This  is  a  great  safeguard 
against  the  inhalation  of  vomitus  that  is  so  dangerous  in  these  cases. 

Anaesthesia  should  be  induced  by  a  small  amount  of  nitrous  oxide  or  a 
chloroform  mixture  and  maintained  by  ether  on  a  semi-open  inhaler. 

The  pulse  should  be  carefully  watched  for  circulatory  depression. 

Pneumonia. 

Patients  with  pneimionia  are  unfit  to  inhale  an  anaesthetic.  If  a  general 
anaesthetic  were  imperative,  nitrous  oxide  and  oxygen,  or  chloroform  with 
oxygen,  would  probably  be  the  choice. 

Rectal  anaesthesia  has  been  used  successfully  in  cases  of  unresolved  pneu- 
monia requiring  operation. 

Pregnancy  and  Parturition. 

In  parturition,  chloroform  is  w^ell  taken,  and  it  is  said  to  be  safer  in  preg- 
nant women  than  in  persons  in  ordinary  health.  Chloroform  and  ether  are 
both  suitable  for  relieving  labor  pains.  If  surgical  anaesthesia  is  necessary, 
ether  should  be  used.  It  may  be  preceded  by  nitrous  oxide,  A.  C.  E.,  or  ethyl 
chloride. 

VOL.  IV. — 15 
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Renal  Disease. 

The  question  as  to  whether  ether  or  chloroform  is  the  more  irritating  to  the 
kidneys  is  much  discussed.  Both  drugs,  if  inhaled  for  a  considerable  length 
of  time,  will  cause  albumin  to  appear  in  the  urine. 

It  is  probable  that  the  kidney  would  be  less  affected  by  a  careful  admin- 
istration of  chloroform  than  by  an  indifferent  administration  of  ether,  and 
most  writers  incline  to  the  belief  that  chloroform  should  be  used.  On  the 
other  hand,  a  skilful  administration  of  ether  by  the  close  method,  in  which  a 
very  small  amount  of  ether  was  used,  would  probably  leave  the  kidneys  in 
better  condition  than  after  chloroform. 

If  the  disease  is  not  advanced,  no  change  of  routine  is  necessary,  except  that 
as  small  a  quantity  as  possible  of  the  anaesthetic  should  be  used  and  the  period 
of  anaesthesia  made  as  short  as  possible. 

In  advanced  Bright's  disease,  however,  the  administration  of  nitrous  oxide 
and  oxygen  by  a  skilled  anassthetist  will  spare  the  kidneys  as  much  as  is 
possible,  and  not  endanger  the  heart,  should  secondary  changes  in  the  heart 
muscle  exist. 

This  has  been  successfully  done  many  times  in  Edebohls'  operation  for  de- 
capsulating  the  kidneys. 

Operations  upon  the  kidney  itself  are  apt  to  be  attended  by  considerable 
shock  and  hemorrhage.  The  selection  of  the  anaesthetic  in  these  cases  depends 
upon  the  patient's  physical  characteristics. 

Shock. 

In  shock  the  period  of  anaesthesia  should  be  made  as  short  as  possible  by 
commencing  the  administration  with  the  patient  on  the  operating  table,  the 
surgeon  being  ready  to  operate  at  the  moment  anaesthesia  is  complete,  and  dis- 
continuing the  anaesthetic  at  the  earliest  possible  time. 

Suitable  means  for  producing  artificial  heat  should  be  at  hand.  Heaters 
and  hot-water  bottles  should  be  appHed,  but  they  should  be  well  wrapped  up 
and  not  allowed  to  burn  the  patient. 

Appropriate  stimulants  and  oxygen  should  be  at  hand. 

The  anaesthetist  should  keep  the  surgeon  informed  of  the  rate  and  quality 
of  the  pulse,  and,  estimating  the  probable  length  of  the  operation,  he  should 
unhesitatingly  warn  the  surgeon  of  impending  danger. 

When  the  pulse  indicates  approaching  shock,  the  first  essential  is  to  lessen 
the  depth  of  anaesthesia  by  discontinuing  the  administration,  and  giving  fresh 
air  or  oxygen. 

Hypodermic  and  rectal  stimulation  should  be  undertaken  early.  If  one 
waits  until  the  circulation  is  poor  and  then  stimulates  freely  with  hypodermic 
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injections  of  strychnine,  etc.,  the  drugs  may  be  imperfectly  absorbed  at  first, 
and  later  have  an  excessive  cumulative  effect. 

In  suddenly  developing  shock  the  surgeon  should  be  warned  to  cease  operat- 
ing, the  anaesthetic  should  be  withdrawn,  the  head  lowered,  and  artificial  heat 
produced  by  blankets  and  hot-water  bottles. 

Rectal  stimulation  is,  as  a  rule,  useful  in  combating  shock,  an  enema  con- 
sisting of  two  ounces  each  of  brandy,  coffee,  and  normal  salt  solution  being  an 
excellent  one.     (See  the  article  on  ''Surgical  Shock  "  in  Vol.  I.) 


VII.  THE  RECOVERY  PERIOD. 

After-Effects  of  Anaesthetics. 

The  recovery  period  begins  with  the  withdrawal  of  the  ansesthetic  and  ends 
when  the  patient  has  fully  regained  consciousness. 

As  before  stated,  the  anaesthetic  should  be  removed  as  early  as  possible^ 
the  administration  being  so  timed  that,  when  the  operation  is  over,  the  patient 
is  well  on  the  road  to  recovery. 

Before  the  patient  is  transported  from  the  operating  table  to  bed,  he  should 
be  carefully  wrapped  in  blankets  and  protected  against  cold  and  draughts.  It 
is  especially  important  to  protect  the  chest  and  to  keep  the  feet  wann.  Mov- 
ing of  patients  should  be  done  with  as  little  jolting  as  possible,  in  order  not 
to  provoke  vomiting. 

Chloroformed  patients  should  be  allowed  to  recover  or  nearly  so  upon  the 
operating  table  before  they  are  moved.  ^Mien  they  are  hfted  the  head  should 
be  kept  low  to  avoid  s\Ticope. 

In  hospitals,  with  plenty  of  assistants  and  wheeled  trucks,  the  transporta- 
tion of  patients  is  a  simple  matter.  In  private  houses,  however,  patients  should 
be  carried  in  the  arms  of  one  or  more  persons.  If  one  man  is  hfting  the  patient,, 
the  hand  of  the  arm  that  encircles  the  trunk  should  grasp  the  axilla  of  the 
patient  in  such  a  way  that  the  latter's  head  will  be  supported  on  the  lifter's  arm. 
The  other  arm  grasps  the  knees  and  thus  the  patient  can  be  easily  carried. 

The  bed  should  be  properly  warmed  and  the  recovery  room  well  aired.  A 
responsible  person  should  make  certain,  however,  that  no  hot-water  bottles  or 
heaters  remain  in  bed  with  the  patient.  In  certain  cases  it  may  be  well  to 
place  the  patient  between  warm  blankets  and  to  support  the  foot  of  the  bed 
upon  a  chair  in  order  to  lower  the  head.  Patients  do  better  if  allowed  one 
low  pillow  for  the  head,  a  second  one  being  used  to  support  one  shoulder  or  to 
keep  the  patient  in  the  lateral  posture.  As  before  insisted  upon,  it  is  impor- 
tant to  keep  the  head  on  the  side  from  the  moment  anaesthesia  is  complete 
imtil  the  coughing  and  swallowing  reflexes  return. 


228  AMERICAN  PRACTICE  OF  SURGERY. 

Vomiting  may  occur  on  the  operating  table  or  not  until  the  patient  is  in  bed. 
A  recovering  patient  should  always  be  carefully  watched  and  assisted  to  vomit 
until  recovery  is  complete.  On  this  account  posture  in  bed  is  of  great  import- 
ance. If  the  respiratory  passages  are  clear  the  dorsal  position  with  the  head  on 
the  side,  and  one  shoulder  slightly  supported,  is  sufficient.  If,  however,  there  is 
an  excess  of  mucus  and  saliva  or  a  constant  fsecaloid  regurgitation,  the  lateral 
or  even  the  semi-prone  posture  will  be  necessary  in  order  to  provide  adequate 
opportunity  of  escape.  During  the  act  of  vomiting  the  jaw  should  not  be  held 
forward,  as  this  deprives  the  larynx  of  the  protection  of  the  epiglottis;  nor 
should  the  jaw  be  pressed  backward,  as  this  impedes  respiration;  the  patient 
should  be  allowed  to  vomit  by  himself,  the  only  interference  being  to  insure  an 
adequate  access  of  fresh  air  by  pulUng  the  checks  away  from  the  teeth  by  the 
finger  or  thumb  introduced  into  the  mouth. 

Covering  the  face  with  hot  towels,  then  drying  it  thoroughly  and  powder- 
ing it,  are  of  great  help  in  the  case  of  patients  recovering  from  anaesthesia. 
These  measures,  besides  tending  to  remove  the  odor  of  the  anaesthetic,  improve 
the  appearance  and  have  a  remarkably  stimulating  and  refreshing  effect. 

As  a  rule,  patients  recover  better  if  the  room  is  darkened  and  kept  noiseless 
and  they  are  allowed  to  sleep.  All  conversation  should  be  avoided  at  this 
time,  as  patients  who  are  apparently  unconscious  can  often  hear  and  understand 
and  are  correspondingly  disturbed. 

Men  who  are  abusive  and  violent  and  women  who  are  hysterical  during  re- 
covery should  be  restrained  only  just  enough  to  keep  them  from  injuring  them- 
selves or  others,  and  they  should  be  spoken  to  as  little  as  possible,  as  argument 
and  persuasion  are  of  little  or  no  avail. 

Morphine  should  not  be  given  until  consciousness  is  fully  regained.  If 
given  too  soon  it  delays  recovery  and  prevents  the  proper  clearing  of  the 
respiratory  passages  by  vomiting  and  coughing.  It  may  also  depress  the 
respiration  to  an  alarming  degree,  as  its  action  is  intensified  by  ether  or 
chloroform. 

Post-ancesthetic  sickness  consists  of  varying  degrees  of  headache,  nausea, 
vomiting,  and  thirst. 

As  a  rule,  after  nitrous  oxide,  ethyl  chloride,  or  somnoforme,  there  is  Uttle 
or  no  sickness. 

After  ether  there  often  is  sickness  which  may  be  severe,  although  not  so 
severe  as  that  wliich  sometimes  results  from  chloroform. 

After  chloroform,  sickness  is  less  common  than  after  ether,  although  when 
it  does  occur  it  is  apt  to  be  more  severe. 

Much  can  be  done  by  a  proper  preparation  to  avoid  post-anaesthetic  sick- 
ness. Careful  dieting  and  purging  before  operation  are  important.  A  proper 
administration  of  the  anajsthetic  will  also  tend  to  prevent  sickness.  Sickness 
after  ether  may  be  due  to  swallowing  ether-charged  mucus  and  saliva  or  to 
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overdosing;  after  chloroform  sickness  is  generally  due  to  an  uneven  anaesthesia 
or  to  overdosing.     These  things  will  not  happen  in  a  proper  acUninistration. 

Many  things  have  been  tried  for  the  rehef  of  nausea  and  vomiting. 

The  free  administration  of  water  by  mouth,  after  anaesthesia,  works  well 
in  some  cases. 

"Washing  out  the  stomach  before  and  after  anaesthesia  may  be  tried  and  in 
many  cases  is  of  distinct  help.  It  should  be  done  with  warm  water  while  the 
patient  is  unconscious. 

Among  the  ch-ugs  that  have  been  tried  with  varying  success  are : 

Chloretone:  ^^negar  inhaled  from  a  gauze  sponge;  aromatic  spirits  of 
ammonia;  sodium  bicarbonate;  cerimn  oxalate;  sips  of  hot  water  with  or 
without  sodium  bicarbonate;  sips  of  hot  coffee;  sips  of  cold  champagne  may 
be  tried. 

Generally  speaking,  the  best  way  of  avoiding  post-anaesthetic  sickness  is  as 
follows ; 

A  good  preparation  of  the  patient  for  anaesthesia; 

A  skilful  administration  of  the  anaesthetic ; 

Allowing  the  patient  to  "sleep  off"  the  anaesthetic  in  an  absolutely  quiet, 
darkened  room,  with  plenty  of  fresh  air, — possibly  re-enforced  by  oxygen. 

Thirst  may  be  treated  by  allowing  sips  of  the  above-mentioned  hquids  and 
by  the  acUninistration  of  salt  solution  by  rectum.  Eight  ounces  every  three 
hours,  or  smaller  doses  more  frequently,  may  be  injected. 

Respiratory  disturbances  of  different  kinds  sometimes  foUow  anaesthesia,  par- 
ticularly ether  anaesthesia.  These  are  temied  generically  ''ether  pneumonia," 
which  may  be : 

1.  A  diffuse  bronchitis,  which  is  usually  an  aggravation  of  an  already  exist- 
ing simple  bronchitis; 

2.  A  broncho-pneumonia,  usually  due  to  the  inhalation  of  mucus,  saliva, 
vomitus,  or  the  regurgitation  of  faecaloid  material; 

3.  A  true  lobar  pneumonia,  usually  due  to  sweating  and  subsequent  chill- 
ing during  an  operation  performed  on  a  patient  whose  resistance  is  already 
lowered  by  shock,  hemorrhage,  or  sepsis; 

4.  A  pneumonia  of  embolic  origin,  usually  occurring  after  operation.  Such 
a  case  could  be  only  indirectly  due  to  the  anaesthetic. 

The  prophylaxis  of  "ether  pneumonia"  is  important. 

The  mouth,  nose,  and  throat  should  be  perfectly  clean  at  the  time  of  opera- 
tion. The  teeth  should  be  well  brushed  and  a  mouth  wash  and  gargle  should 
be  used  before  the  anaesthetic  is  administered. 

A  skilful  acUninistration,  in  which  no  excess  of  mucus  and  saliva  is  developed, 
and  in  which  a  small  quantity  of  the  anaesthetic  is  used,  is  the  best  safeguard 
against  an  ether  pneumonia.  The  use  of  morphine  and  atropine  in  this  con- 
nection has  already  been  spoken  of.     Respiratory  complications  are  more  apt 
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to  follow  an  administration  of  ether  by  the  open  or  semi-open  method  than 
one  by  the  close  method. 

All  apparatus  should  be  surgically  clean  before  it  is  used. 

It  is  very  important  to  protect  the  patient  carefully  against  draughts  and 
cold  before,  during,  and  after  the  anaesthesia. 

A  proper  position  in  bed  during  recovery,  to  facilitate  proper  drainage  and 
the  coughing  up  of  mucus  and  saUva,  is  also  important. 

The  treatment  of  a  developed  "ether  pneumonia"  is  the  regular  medical 
treatment  of  bronchitis,  broncho-  or  lobar  pneumonia. 

Renal  complications  following  anaesthetics  have  already  been  spoken  of 
(page  226).  Transient  albuminuria  with  casts  is  not  uncommon  after  pro- 
longed inhalation  of  ether  or  chloroform.  Hiematuria  and  urinary  suppres- 
sion have  sometimes  followed  ether  and  chloroform,  usually  after  severe  opera- 
tions. 

Glycosuria  sometimes  follows  the  administration  of  nitrous  oxide,  and,  ac- 
cording to  some  observers,  it  may  manifest  itself  after  the  use  of  chloroform. 
Cases  of  aciduria  (acetonuria)  are  reported  to  have  followed  the  inhalation  of 
ether  or  chloroform,  usually  in  children.  Inasmuch  as  such  cases  have  been 
observed  to  develop  without  either  operation  or  anaesthesia,  it  is  hard  to  deter- 
mine to  just  what  extent  they  are  dependent  upon  ana:>sthesia.  In  a  series  of 
cases  analyzed  by  Brackett  *  he  says :  "  In  one  of  the  fatal  cases,  and  in  five  of 
the  milder  ones,  the  symptoms  came  on  without  operation  or  even  ansesthesia." 
He  concludes  that  "  anaesthesia  alone  does  not  bring  on  the  condition,  or  at 
least  not  in  a  serious  form." 

The  prophylaxis  of  renal  complications  consists  of  : 

1.  A  proper  preparation  of  the  patient  without  excessive  deprivation  of  liq- 
uids before  anaesthesia. 

2.  A  skilful  administration  of  the  anaesthetic,  as  small  a  quantity  as  possi- 
ble of  the  agent  being  used. 

3.  The  administration  of  liquids  by  mouth  during  or  immediately  following 
anaesthesia. 


*  Boston  Med.  and  Surg.  Journal,  July  7th,  1904. 


THE  PRODUCTION  OF  LOCAL  ANAESTHESIA  FOR 
SURGICAL  PURPOSES. 

By   JAMES  F.  MITCHELL,  M.D.,  Washington,  D.  C. 


General  Considerations. 

Although  local  anaesthesia  in  its  modern  sense  owes  its  first  application 
to  an  American  surgeon  (Halsted),  yet  its  development  and  extended  use  in 
major  surgery  have  been  left  to  Europeans.  Wliether  lack  of  patience,  time, 
and  inclination,  or  ignorance  of  modem  advanced  methods  in  technique,  is 
responsible  for  the  pessimistic  regard  in  which  it  is  held,  certainly  it  is  deserv- 
ing of  more  consideration  than  it  now  receives  as  a  substitute  for  general  nar- 
cosis in  a  host  of  minor  and  major  surgical  operations.  The  history  of  the 
search  for  a  local  means  of  rendering  surgical  procedures  painless  dates  back  to 
remotest  antiquity,  and  on  looking  through  the  medical  hterature  of  past  cen- 
turies we  find  one  method  after  another  proposed,  tested,  and  then  cast  aside. 
Earliest  among  these  was  local  compression  by  means  of  a  tourniquet  or  a  pad. 
Then  came  the  appUcation  of  cold  and,  follo\\'ing  this,  efforts  to  produce  local 
insensibihty  by  means  of  various  substances  appUed  to  the  surface  of  the  body, 
or  by  carrying  them  through  the  imbroken  skin.  All  sorts  of  drugs  were  thus 
tried  and  sooner  or  later  abandoned.  A  new  field  was  opened  in  1853  by  the 
introduction  of  the  hypodermic  s}Tinge  by  Wood,  who  immechately  suggested 
its  use  for  the  injection  of  morphia  into  nerve  trunks  for  the  relief  of  neural- 
gia. The  introduction  of  cocain  in  1884  made  possible  modem  local  anaesthe- 
sia, and  its  immediate  adoption  and  practical  use  by  Halsted  stamp  him  as 
the  father  of  its  development.  Halsted's  work  was  soon  followed  by  the  papers 
of  Corning  in  1885  and  following  years.  Coming's  work,  overlooked  for  years 
alike  in  this  country  and  abroad,  was  later  repeated  by  European  investiga- 
tors. Since  then  the  development  of  local  methods  has  been  marked  by  im- 
portant obser^'ations  and  discoveries.  Most  striking  of  these  have  been:  The 
use  of  dilute  solutions  (Reclus  and  Schleich)  and  massive  infiltrations  (Matas)  ; 
the  mjection  of  neTxe  trunks  (Crile,  Cushing,  ^Matas) ;  the  addition  of  adrenalin 
to  solutions  (Elsburg,  Barker) ;  the  use  of  intraspinal  injection  (Bier) ;  and  the 
introduction  of  new  and  less  toxic  drugs. 

For  practical  purposes  it  is  possible  to  produce  local  anaesthesia  by:  (1) 
Pressure,  (2)  cold,  or  (3)  the  application  or  injection  of  drugs. 

(1)  Pressure. — Pressure  on  a  sensorj-  nerve  trunk  will  in  time  render  it 
anaesthetic  so  that  surgical  procedures  may  be  painlesslv  carried  out  in  the 
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region  of  its  distribution.  Constriction  of  a  limb  was  hailed  as  a  boon  in  pre- 
ansesthetic  days  for  the  relief  of  pain  during  amputations,  and  with  this  idea 
jn  view  various  forms  of  tourniquets  with  pressure  pads  were  tried  and  dis- 
carded. The  uncertainty  of  the  anaesthesia  and  the  length  of  time  necessary 
to  produce  it,  the  actual  pain  of  the  pressure  itself  and  the  danger  of  gangrene 
and  motor  paralysis  render  this  method  unsafe  and  impracticable.  It  has 
only  the  narrowest  application  in  slight  operations  on  the  fingers  and  toes. 

(2)  Cold. — The  anaesthetic  properties  of  cold  have  long  been  recognized, 
and  the  crude  method  of  placing  ice  about  the  field  of  operation  has  been  of 
no  small  value.  The  substitution  of  ether,  drop  by  drop  or  in  the  form  of  a 
spray,  was  an  advance;  and  at  the  present  time  the  ethyl-chloride  spray  repre- 
sents the  perfected  process.  It  acts  as  a  terminal  anaesthetic.  Its  apphcation 
is  very  simple.  The  tube  is  held  at  some  distance  from  the  skin  and  the  small 
stream  of  ethyl  chloride  allowed  to  play  on  the  point  of  proposed  incision.  In 
a  few  seconds  the  part  appears  frozen  and  is  thoroughly  anaesthetic.  The 
process  of  freezing  is  painful  and  later  there  is  also  considerable  pain  as  the 
circulation  is  restored.  Gangrene  of  the  skin  may  result  from  extensive  or 
prolonged  freezing.  Ethyl  chloride  applied  for  a  sufficiently  long  time  to  nerve 
trunks  causes  a  complete  blocking  of  conduction  of  sensation;  but  it  is  ques- 
tionable whether  many  patients  would  stand  the  pain  which  must  be  endured 
before  this  point  is  reached.  The  anaesthesia  is  superficial  and  it  is  impossible 
to  differentiate  frozen  tissues;  hence  its  practical  application  is  confined  to 
small  operations  such  as  punctures,  or  the  incision  of  furuncles  and  small  ab- 
scesses. Even  here  the  use  of  cocain  is  more  comfortable  and  more  effectual. 
Cold  and  pressure,  as  such,  have  then  a  very  narrow  field  of  usefulness,  but  as 
aids  to  the  production  of  anaesthesia  by  means  of  drugs  they  are  valuable. 

(3)  Application  or  Injection  of  Drugs. — There  are  now  known  a  great  num- 
ber of  substances  which,  applied  to  mucous  surfaces  or  injected  into  tissues, 
render  them  anaesthetic.  The  first  of  these  to  be  used  was  cocain,  and,  speak- 
ing generally,  it  is  still  the  best.  The  action  of  these  substances,  the  methods 
of  apphcation,  the  aids  to  their  local  action,  and  the  prevention  of  their  toxic 
effects,  with  the  study  of  the  surgical  procedures  for  which  they  can  be  util- 
ized, will  be  considered  in  the  following  pages.* 

Anaesthetizing  Substances. 


(1)  Cocain. — Cocain,  like  all  substances  used  to  produce  local  anaesthesia, 
is  a  protoplasmic  poison.  In  the  early  days  of  its  use  many  cases  of  severe 
and  even  fatal  poisoning  were  reported,  occasioned  by  the  concentrated  solu- 

*  The  most  comprehensive  and  thorough  work  on  the  subject  of  local  ancpsthesia  is  by  H. 
Braun,  of  Leipsic  (1905).  In  this  work  will  be  found  a  complete  r^sum^  of  the  literature,  with 
instructive  diagrams  and  illustrations  and  minute  details  ot  the  operative  procedures.  The 
writer  has  drawn  freely  upon  it  in  the  preparation  of  this  article. 
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tions  then  in  vogue.  Cocain  forms  with  protoplasm  an  unstable  combination, 
which  disintegrates  slowly,  when  the  tissues  are  able  to  return  to  their  previ- 
ous condition  and  function.  The  various  tissues  differ  in  the  readiness  with 
which  they  enter  into  this  combination,  the  brain  and  central  nervous  system 
being  most  susceptible,— hence  in  cocain  poisoning  the  chief  s>Tnptoms  are  ref- 
erable to  the  central  nervous  system.  Sensory  nerves  are  acted  upon  more 
readily  than  are  motor.  The  mildest  sj-mptom  of  poisoning  is  sUght  dizziness; 
and  from  this  there  are  all  grades  leading  to  collapse,  convulsions,  and  death. 
As  poisoning  is  due  to  absorption  from  the  local  site  of  appUcation  we  should 
take  every  precaution  to  prevent  this.  Cocain  which  has  exerted  its  anaesthetic 
action  is  held  in  combination,  and  cannot  be  absorbed  into  the  circulation, 
nor  can  it  be  recovered  from  the  tissues  as  cocain.  It  is  the  excess  over  the 
amount  which  the  tissues  can  thus  take  up  to  which  poisoning  is  due.  The 
toxic  dose  varies  with  the  method  of  administration.  Intravenously,  it  is 
stated  to  be 2  mgm.  (ttf  grain).  Subcutaneously,  the  maximal  dose  is  given 
as  50  mgm.  (f  grain).  If,  however,  dilute  solutions  are  used,  or  absorption 
is  prevented  or  delayed,  by  interruption  of  the  blood  stream  by  means  of  a 
tourniquet  or  by  adrenalin,  much  larger  amounts  can  be  safely  administered. 
Poisoning  is  rare  when  the  precautions  mentioned  are  observed.  Solutions  of 
cocain  are  more  or  less  imstable  chemically,  and  are  weakened  or  destroyed  by 
prolonged  or  repeated  boihng.  The  methods  of  preparation  of  solutions  will 
be  given  later. 

Numerous  substances  have  been  reconmiended  as  substitutes  for  cocain. 
Most  important  among  these  are  tropococain,  eucain,  akoin,  nirvanin,  and 
stovain. 

(2)  Tropococain. — Tropococain  fomis  more  stable  solutions  than  cocain, 
and  these  solutions  stand  boihng  without  decomposition.  It  is  also  less  toxic 
than  cocain,  but  the  anaesthesia  produced  by  it  is  less  lasting.  A  dose  of  200 
mgm.  in  weak  solutions  (one-half  to  one  per  cent)  is  harmless. 

(3)  Eucain  B. — Eucain  B  in  solution  also  stands  boiling.  Very  weak 
solutions  are  effective.  The  duration  of  its  anaesthesia  is  less  than  is  that  pro- 
duced by  cocain.  It  is  one-third  or  one-fourth  as  toxic  as  cocain,  and  this 
fact,  together  with  its  cheapness,  makes  it  one  of  the  best  of  substitutes;  it  is 
by  many  preferred  to  cocain.     It  is  used  in  solutions  of  the  same  strength. 

(4)  Akoin. — Akoin  produces  anaesthesia  more  slowly  than  does  cocain  in 
solutions  of  the  same  strength,  but  the  anaesthesia  lasts  longer.  Its  toxicity 
is  less  than  that  of  cocain ;  but  on  account  of  its  cumulative  action,  it  is  actu- 
ally more  dangerous.  Its  maximal  dose  is  given  as  25  mgm.  In  strong  so- 
lutions (above  one-half  to  one  per  cent)  it  causes  grave  tissue  injuries.  The 
difficulty  in  preparing  solutions,  and  their  instability,  make  the  drug  of  little 
use  in  practice. 

(5)  Stovain. — Stovain  is  chiefly  useful  for  spinal  anaesthesia.     It  can  be 
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sterilized  by  boiling.  It  is  less  powerful  as  a  local  anaesthetic  and  less  lasting 
in  its  action  than  cocain.  Its  maximal  dose  is  200  mgm.  The  ordinary 
strength  of  solution  used  is  one-half  to  one  per  cent. 

(6)  Magnesium  Sulphate. — Magnesium  sulphate  has  been  recently  sug- 
gested by  Meltzer  for  the  production  of  local  and  general  anaesthesia  by  intra- 
spinal injection.  It  has  been  shown  that  60  mgm.  per  kilogram  body  weight 
will  produce  a  complete  motor  and  sensory  paralysis.  After-effects  are  con- 
stant and  troublesome.  A  very  small  dose  proves  fatal  intravenously  and 
large  intraspinal  doses  produce  death  by  paralysis  of  respiration.  It  should, 
therefore,  be  used  with  the  greatest  caution  and  does  not  seem  to  possess  any 
advantages  over  cocain. 

Aids  to  Anesthesia. 

The  three  great  aids  to  the  production  of  local  anaesthesia  and  the  preven- 
tion of  toxic  effects  are:  (1)  Constriction  with  a  bandage  to  obstruct  the  cir- 
culation; (2)  the  appUcation  of  cold;  and  (3)  the  addition  of  the  adrenal  prepa- 
rations to  anaesthetizing  solutions. 

(1)  Constriction. — An  anaesthetizing  substance  acts  much  more  powerfully 
if  the  blood  stream  is  interrupted,  because  it  is  then  retained  at  the  point  of 
injection.  More  of  the  substance  enters  into  local  protoplasmic  combination, 
and  there  is  less  to  be  absorbed  when  circulation  is  restored.  The  parts  re- 
main anaesthetic  as  long  as  constriction  is  maintained,  and  thus  the  duration 
of  the  anaesthesia  can  be  greatly  prolonged. 

(2)  Cooling  the  injected  area  by  means  of  the  ethyl-chloride  spray  acts  in 
a  similar  manner,  by  constricting  the  blood-vessels,  decreasing  absorption,  in- 
creasing local  action  of  the  drug,  and  increasing  the  duration  of  anaesthesia. 

(3)  Adrenalin  (epinephrin  or  suprarenaUn)  was  first  prepared  in  1901  in 
pure  form.  It  is  a  peripheral  vaso-constrictor.  Solutions  of  the  strength  of 
1 : 1,000,000  will  produce  a  local  ischaemia.  Added  to  anaesthetizing  solutions 
it  thus  has  the  same  effect  as  constriction  or  cold.  It  is  the  most  valuable  aid 
to  local  anaesthesia  and  the  best  prophylactic  against  poisoning,  and  is  also  of 
great  assistance  in  providing  a  more  or  less  bloodless  field  of  operation.  It, 
like  cocain,  is  destroyed  in  the  tissues  after  its  action  is  exerted.  The  maxi- 
mal dose  is  fifteen  drops  of  the  1 : 1,000  solution,  which  is  the  ordinary  commer- 
cial strength. 

Preparation  of  Solutions. 

It  was  ndted  by  Halsted  and  his  followers  that  water  forcibly  injected  into 
the  skin  would  render  it  anaesthetic  for  a  short  time.  This  anaesthesia  is  due 
to  distention  alone,  and  has  been  designated  "anaesthesia  dolorosa,"  because 
it  is  anaesthesia  obtained  at  the  expense  of  pain.  The  pain,  in  this  instance,  is 
due  to  the  difference  in  osmotic  pressure  between  water  and  the  fluid  of  the 
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body  tissues.  Fluids  which  are  isotonic  with  blood  cause  no  pain  when  injected 
into  the  skin,  while  the  injection  of  fluids  of  greater  or  less  osmotic  pressure 
than  the  blood  is  painful.  Hence  it  is  important  to  have  the  solution  used 
for  obtaining  local  anaesthesia  isotonic  with  the  blood.  Isotonic  aqueous  solu- 
tions of  cocain  or  its  substitutes  alone  would  contain  a  prohibitively  high  per- 
centage of  the  ana?sthetizing  substance.  The  deficiency  in  the  anaesthetic  in 
solutions  of  appropriate  drug  content  is,  therefore,  made  up  by  the  addition  of 
sodium  chloride.  For  practical  purposes,  spinal  anaesthesia  bemg  left  out  of 
consideration  for  the  moment,  the  two  following  solutions,  as  reconmiended  by 
Braun,  are  sufficient : 

A.  Cocain  hydrochlorate  0.1  gm.  (1.5  grain) 

Physiological  salt  solution  (^%) 100  c.c. 

Adrenalin  (1 :  1,000) 5  drops 

B.  Cocain  hydrochlorate 0.05  gm.  (0.75  grain) 

Physiological  salt  solution 5  c.c. 

Adrenalin  (1 :  1,000) 10  drops 

Formula  A  thus  represents  a  1: 1,000  cocain  solution,  and  may  be  further 
diluted  with  normal  salt  solution  where  large  amounts  are  to  be  injected,  as  in 
the  massive  infiltrations  of  ^latas,  or  in  extensive  or  prolonged  operations 
according  to  the  method  of  Schleich.  The  solutions  recommended  by  Schleich, 
containing  morphia  in  addition  to  cocain  and  salt,  are  not  isotonic  with  the 
tissue  fluids  and  are,  therefore,  not  to  be  recommended.  Solution  A,  as  such,  or 
diluted,  is  much  to  be  preferred.  Morphia  is  much  better  given  before  the 
operation,  or  afterward  in  case  of  restlessness. 

Formula  B  is  a  one-per-cent  solution  of  cocain,  and  this  hkewise  may  be 
diluted  as  desired  with  normal  salt.  The  total  amount  of  cocain  in  the  for- 
mula^  given  above  may  all  be  used  with  safety  in  a  single  operation. 

Eucain  B  may  be  prepared  in  the  same  dilutions,  and  larger  amounts  of 
these  can  be  used  at  one  time.  Eucain  solutions  can  be  boiled  and  will  remain 
fairly  unchanged.  Cocain  solutions,  on  the  other  hand,  should  be  freshly 
prepared.  The  ideal  method  is  that  used  by  Braun,  who  has  prepared  tablets 
containing  the  above  proportions  of  cocain  and  suprarenalin.  The  tablets 
are  sterilized  by  dry  heat  at  80°  C.  for  an  hoiu-  on  three  successive  days,  and 
are  to  be  dissolved  in  sterile  normal  salt  solution  immediately  before  the  opera- 
tion. I  have  in  the  last  year,  through  Parke,  Davis  &  Co.,  been  able  to  have 
these  tablets  dupUcated,  and  have  found  them  most  satisfactory.  There  are 
also  on  the  market  many  tablets  containing  cocain  alone  or  in  combination 
with  adrenalin,  and  I  can  recommend  the  following  method  of  sterilization  as 
having  proven  most  satisfactory.  The  cocain  tablets  (or,  in  their  absence,  a 
measured  amount  of  cocain  powder)  are  placed  in  small  \'ials,  each  containing 
a  single  tablet.  The  \'ials  are  plumed  with  cotton,  the  mouth  of  each  via 
protected  with  a  hood  of  gauze.    These  are  steriUzed  by  dry  heat,  as  above, 
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and  may  be  kept  ready  for  use.  Immediately  before  operation  a  tablet  is  dis- 
solved in  the  proper  amount  of  sterile  normal  salt^  solution,  and  the  adrenaUn 
added  drop  by  drop  to  the  required  amount. 

For  small  operations,  where  the  amount  to  be  used  is  not  large,  it.  may 
be  more  convenient  to  have  the  solution  ready  prepared,  and  for  such  cases  it 
is  best  sterilized  in  an  autoclave  for  twenty  minutes  at  115°  to  120°  C.  Co- 
cain  solutions  stand  this  sterilization  very  well.  I  have  found  it  very  con- 
venient to  have  small  bottles  prepared.  Each  bottle  is  loosely  corked,  and 
over  the  cork  is  a  large  hood  of  cotton  and  gauze  secured  by  a  string  about  the 
neck  of  the  bottle.  The  bottles  are  sterilized  in  the  autoclave  and,  after  re- 
moving, the  cork  can  be  pushed  in  tight  by  seizing  it  through  the  hood,  thus 
having  the  bottle  tightly  closed  with  a  sterile  cork.  Solutions  prepared  in  this 
way  may  be  kept  for  some  time,  but  cannot  be  relied  upon  for  extensive  opera- 
tions. A  small  amount  of  cocain  solution  may  be  boiled  once,  just  before  use, 
without  deterioration,  in  case  of  emergency. 

Methods  of  Application. 

(1)  Surface  Application. — Anaesthesia  can  be  produced  by  applying  cocain 
in  strong  solutions  to  mucous  membranes  by  means  of  the  spray  or  the  mop. 
Its  use  in  this  way  is  confined  to  special  branches  of  surgery:  Laryngology, 
ophthalmology,  etc.     Solutions  of  ten-per-cent  concentration  are  used. 

(2)  Infiltration. — This  method,  popularized  by  Reclus  and  Schleich,  has 
been  modified  by  Matas  and  Braun.  According  to  Schleich,  the  skin  is  to  be 
anaesthetized  by  producing  a  distention  wheal,  being  a  physical  as  well  as  a 
chemical  method.  After  this  the  tissues  are  injected  as  encountered,  the  ob- 
ject of  the  procedure  being  to  bring  the  solution  in  contact  with  all  parts  of 
the  field  of  operation,  special  attention  being  paid  to  nerves,  blood-vessels,  and 
connective-tissue  bundles.  Matas  accomplishes  the  same  purpose  by  forcing 
into  the  parts  large  amounts  of  a  very  dilute  solution,  by  means  of  air  pressure, 
with  a  specially  devised  instrument.  Braun  aims  so  to-  distribute  a  weak  so- 
lution in  the  subcutaneous  tissue  as  to  anaesthetize  the  nerves  before  they  reach 
the  skin,  thus  bringing  about  a  more  extensive  anaesthesia  and  making  unneces- 
sary the  production  of  a  wheal  along  the  line  of  incision.  In  the  deeper  parts 
his  object  is,  by  using  several  points  of  injection,  to  distribute  the  solution  about 
the  nerves  supplying  the  field  of  operation.  The  advantages  of  this  method 
are  that  a  wider  area  is  anaesthetized,  permitting  better  retraction  and  expos- 
ure, and  that  the  anaesthesia  is  of  greater  duration.  Braun 's  idea  is  that,  by 
waiting  a  few  minute?  from  the  time  of  injection,  we  may  have  the  whole  field 
of  operation  anaesthetic  before  the  operation  is  started. 

(3)  Nerve  Blocking. — Nerve  blocking  may  be  accomplished  by  endoneural, 
perineural,  or  spinal  injection. 

Perineural  Injection. — Perineural  injection  was  first  performed  by  Halsted 
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on  the  inferior  dental  nerve  for  the  painless  extraction  of  teeth.  If  an  anaes- 
thetizing solution  is  introduced  about  a  nerve  trunk,  the  nerve  in  a  certain 
length  of  time  is  acted  upon  by  the  ansesthetizing  substance,  so  that  it  no  longer 
transmits  sensations.  Naturally,  the  time  required  and  the  completeness  of 
the  block  depend  upon  the  size  of  the  nerve  trunk,  the  thickness  of  its  sheath, 
and  the  strength  of  the  anaesthetizing  solution  used.  Sheathless  nerves  within 
the  spinal  canal  are  most  readily  affected;  and  in  the  subcutaneous  tissue,  just 
before  the  nerv^es  undergo  their  final  di^^sion,  they  offer  a  good  field  for  the 
application  of  the  method.  For  large  nerve  trunks,  such  as  the  ulnar,  a  solu- 
tion of  cocain  one-half  to  one  per  cent  in  salt  solution,  with  the  addition  of 
adrenahn,  is  most  satisfactory,  while  in  the  subcutaneous  tissue  a  one-tenth  or 
two-tenths-per-cent  solution  suffices. 

Endoneural  Injection. — Endonem^al  injection  owes  its  introduction  and  de- 
velopment to  Crile,  Cushing,  and  Matas,  and  by  its  intelhgent  application  the 
possibihties  of  local  anaesthesia  are  enormously  increased.  Superficial  nerves, 
such  as  the  ulnar  at  the  elbow,  may  be  reached  without  incision;  but  ordinarily 
the  nerve  must  be  first  exposed.  The  needle  is  then  thrust  directly  into  its 
substance,  and  the  solution  (one-half  to  one-per-cent  cocain  or  eucain)  injected 
until  the  nerve  appears  swollen  and  cedematous.  Almost  instantly  the  whole 
area  of  its  distribution  is  rendered  anaesthetic  and  ready  for  the  painless  exe- 
cution of  any  surgical  procedm"e.  The  nerve  conduction  is  perfectly  blocked, 
and  undoubtedly  there  is  less  shock  in  di\4ding  a  nerve  which  has  been  so 
injected,  even  though  the  operation  is  performed  under  general  narcosis. 
(Cushing.) 

IXDICATIONS   AND   COXTRA-INDICATIOXS. 

The  large  number  of  new  methods  of  producing  general  narcosis  speaks  for 
the  want  of  a  perfectly  safe  one,  and  it  cannot  be  denied  that  even  when  their 
use  is  in  the  most  experienced  hands  there  stiU  remains  a  certain  justified  dread 
of  them  all.  That  local  anaesthesia  is  not  more  generally  employed  can  be  as- 
cribed partly  to  lack  of  time  and  patience  on  the  part  of  operators  and  partly  to 
their  inexperience  in  its  use.  The  old  danger  from  strong  solutions  in  the  early 
days  of  cocain  has  not  been  forgotten,  and  this  memory  is  partly  responsible 
for  neglect  of  the  local  method.  With  the  modem  use  of  weak  solutions  and  the 
aids  to  local  anaesthesia,  this  objection  can  no  longer  be  urged.  Local  anaes- 
thesia offers  little  or  no  danger  to  life.  Wliile  no  absolute  rule  can  be  laid 
dovra,  it  may  well  be  said  that  where  the  field  of  operation  can  be  made  pain- 
less and  the  operation  itself  can  be  as  weU  performed  under  local  as  under 
general  anaesthesia,  the  former  should  be  the  method  of  choice.  Many  minor 
procedures,  such  as  exploratory  punctures,  the  opening  of  furuncles,  etc.,  ordi- 
narily done  without  anaesthesia,  can  be  carried  out  more  thoroughly  and  with 
vastly  more  comfort  to  the  patient  with  the  aid  of  local  anaesthesia.     In  con- 
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ditions  where  skilled  assistance  is  not  at  hand,  operations  otherwise  impossi- 
ble can  be  thus  accomplished.  With  patients  in  a  state  of  greatly  lowered 
vitality,  general  anaesthesia  in  itself  may  be  enough  to  turn  the  scale  down- 
ward. Experience  shows  that  local  anaesthesia  does  not  have  the  same  de- 
pressing effect  as  a  general  narcotic,  and  therefore  haste  in  the  operation  is 
not  so  essential.  Where  general  anaesthesia  is  absolutely  contra-indicated, 
operations  may  be  performed  under  local  anaesthesia  with  no  apparent  change 
in  the  patient's  general  condition.  If  it  is  impossible  to  obtain  perfect  local 
anaesthesia,  great  benefit  can  be  derived  from  Cushing's  "  morphia-cocain- 
chloroform"  combination,  by  tiding  over  with  a  few  whiffs  of  chloroform  the 
painful  stages,  without  reaching  the  point  of  general  narcosis.  We  have  almost 
without  exception  observed  that  general  narcosis  thus  added  to  local  anaesthesia 
is  not  only  well  borne,  but  that  the  patient  yields  more  readily  to  the  general 
anaesthetic;  and  where  complete  narcosis  is  reached,  it  is  obtained  with  a 
smaller  amount  of  the  anaesthetic.  An  advantage  often  of  importance  is  the 
avoidance  of  the  after-effects  of  general  narcosis,  and  the  strain  on  sutures  con- 
sequent to  vomiting.  Earlier  administration  of  nourishment  is  possible  and 
undoubtedly  the  danger  of  post-operative  pneumonia  and  renal  insufficiency  is 
lessened.  In  children  and  in  very  neurotic  individuals  local  anaesthesia  is,  as  a 
rule,  impracticable;  and  in  operations  for  extensive  malignant  growths  or  where 
complete  muscular  relaxation  is  essential,  it  is  absolutely  contra-indicated. 

General  Preparations  and  Technique. 

The  general  preparation  of  the  patient  in  extensive  operations  should  be 
practically  the  same  as  for  narco^s,  except  that  a  glass  of  milk  or  a  cup  of 
coffee  (when  not  contra-indicated  by  the  nature  of  the  operation)  may  be 
taken  a  few  hours  beforehand.  The  patient  should  be  in  a  quiet  frame  of 
mind,  and  an  excellent  procedure  is  to  give  a  small  dose  of  morphia  (^  to 
i  gr.  hypodermically)  an  hour  before  the  operation.  The  table  should  be 
arranged  with  a  comfortable  pad,  and  the  utmost  quiet  and  order  should  be 
maintained  in  the  room.  All  instruments  and  preparations  should  be  as  much 
as  possible  hidden  from  the  patient's  sight.  It  is  of  the  utmost  importance 
that  the  operator  have  the  confidence  of  his  patient.  Of  great  assistance  is 
the  so-called  "moral-ansesthetist,"  whose  duty  is  to  record  the  pulse  and  to 
entertain  the  patient,  and  thus  to  distract  his  attention  from  the  operation 
itself.  An  operator  unaccustomed  to  an  accomplished  assistant  of  this  type 
cannot  realize  his  true  value.  An  occasional  sip  of  water,  a  whiff  of  aromatic 
ammonia,  or  a  reassuring  remark  may  tide  over  an  important  moment  in  the 
accomplishment  of  some  operative  procedure.  The  importance  of  psychical 
pain  should  not  be  underestimated.  There  can  be  no  exact  criterion  for  the 
estimation  of  pain.  It  undoubtedly  differs  in  individuals  and  varies  with  race, 
culture,  intelligence,  and  mental  condition.     The  success  of  local  anaesthesia 
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in  Germany  may  be  in  part  ascribed  to  the  phlegmatic  nature  of  the  subjects. 
Intelligent  persons  give  less  expression  to  pain  than  do  the  weak  and  ignor- 
ant; old  persons  less  than  the  young;  country  people  less  than  dwellers  in  the 
cities.  Fear  of  pain  or  its  expectation  undoubtedly  increases  its  intensity. 
Sensibility  to  pain  differs  in  different  organs,  and  in  the  skin  itself  some  parts 
are  much  more  sensitive  than  others.  Subcutaneous  tissue  has  no  intrinsic 
sensation,  but  carries  the  nerves  to  the  skin.  Muscles  and  tendons  likewise 
are  sensitive  only  in  their  sheaths  and  connective-tissue  lamellae.  Periosteum 
is  exquisitely  sensitive,  but  bone  has  Httle  sensation.  Joint  capsules  and  sysio- 
\'ial  membranes  are  very  sensitive,  while  cartilage,  like  bone,  has  Ut  tie  sensation. 
In  general,  all  organs  innervated  by  spinal  nerves  are  sensitive,  while  those 
suppUed  by  the  sympathetic  system  are  not.  Success  in  operating  depends  in 
great  measure  on  knowledge  of  the  location  and  distribution  of  sensory  nerve 
trunks.  Each  tissue  must  be  cautiously  approached,  and  special  attention 
should  be  paid  to  connective-tissue  bundles,  blood-vessels,  and  other  probable 
courses  of  nerve  fibres.  The  accidental  clamping,  traction,  or  division  of  an 
unanaesthetized  nerve  tnmk  in  the  early  stages  of  an  operation  may  render 
its  completion  under  local  anaesthesia  impossible.  Haste  is,  therefore,  to  be 
avoided.  Great  care  should  be  given  to  the  placing  of  retractors  and  to  the 
force  exerted  upon  them,  traction  on  unanaesthetized  tissues  being  avoided. 
Sponging  of  the  wound  should  be  accompUshed  with  the  same  end  in  view. 
An  awkward  or  rough  assistant  may  interfere  gteatly  with  the  comfort  of  the 
operation.  Success  increases  with  experience.  In  my  first  two  typhoid  per- 
forations I  felt  obliged  to  resort  to  general  anaesthesia  for  the  completion  of  the 
operation.  In  later  cases  I  have  been  able  to  carry  out  every  detail  under  local 
anaesthesia — an  ability  due  entirely  to  experience  and  consequent  acquaintance 
with  the  painful  procedures  which  may  be  avoided.  Much  depends  upon  the 
character  of  the  ojjerator  himself.  Not  every  good  surgeon  can  work  successfully 
with  local  anaesthesia.  Often  his  whole  style  of  operating  must  be  changed.  As 
Matas  puts  it,  "where  impatient  spectators  are  looking  for  brilliant  and  rapid 
work,  local  anaesthesia  can  never  take  a  strong  hold."  Operations  necessarily 
consume  more  time,  and  great  patience  and  self-control  are  required.  Good 
syringes  and  needles  are  a  necessity.  I  have  found  two  sizes  of  sjTuiges  suf- 
ficient, and  have  no  fault  to  find  with  the  ordinary  steel  needles.  The  syringe 
most  frequently  used  is  the  ordinary  hypodermic  syringe,  with  glass  barrel  and 
asbestos  packing,  holding  about  3  c.c.  The  other  is  Hke  that  ordinarily  used 
for  the  administration  of  antitoxin,  hkewise  with  asbestos  packing,  and  hold- 
ing 10  c.c.  With  the  larger  pressure  apparatus  used  by  Matas  I  have  had  no 
experience,  but  where  a  large  amount  of  solution  is  to  be  injected  it  will  un- 
doubtedly save  time.  The  s\Tinges  mentioned  may  be  boiled  in  plain  water 
"VNTthout  soda.  A  valuable  point  in  the  care  of  s}Tinges  is  to  see  that  they  are 
thoroughly  dried  after  use,  and  then  a  few  drops  of  castor  oil  drawn  into  the 
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barrel  will  keep  the  packing  tight  and  the  syringe  in  good  working  condition. 
Needles  of  several  sizes  should  be  at  hand,  and  it  is  wise  to  be  sure  that  their 
lumens  are  patent  and  the  syringe  in  good  working  order  before  beginning  the 
operation. 

The  general  principles  of  the  different  methods  have  been  given.  The  se- 
lection of  a  method  for  a  particular  case  depends  upon  the  individual  opera- 
tion and  the  preference  of  the  operator.  The  best  results  are  often  obtained 
by  a  combination  of  methods.  Infiltration  according  to  Schleich,  diffusion  or 
perineural  injection  of  Braun,  may  in  one  operation  be  combined  with  the 
injection  of  nerve  trunks  according  to  Crile,  Cushing,  and  Matas,  or  all  of  these 
may  be  supplemented  by  the  administration  of  small  amounts  of  a  general 
anaesthetic. 

Special  Application. 

Skin. — The  line  of  incision  should  be  exactly  determined  upon  before  be- 
ginning the  injection.  Upon  a  careful  and  complete  anaesthesia  of  the  skin 
may  depend  the  success  of  the  operation.  According  to  the  method  of  Schleich, 
the  skin  is  independently  (Figs.  88  and  89)  anaesthetized.     A  point  on  the  Une 


Fig. 


?. — ^Anaesthetization  of  the  Line  of  Skin  Incision  by  the  Production  of  a  Wheal. 

Reclus.) 


(After 


of  incision,  preferably  at  one  end,  is  selected,  and  the  skin  pinched  up  between 
the  thumb  and  finger.  Into  this  the  needle  is  quickly  thrust  just  deep  enough 
to  bury  its  bevelled  point.  The  solution  is  then  slowly  injected  till  a  wheal 
is  formed,  when  the  needle  is  pushed  along,  keeping  its  point  behind  the  for- 
ward edge  of  the  wheal.  The  subsequent  introductions  of  the  needle  are  made 
in  the  anaesthetic  wheal,  so  that  the  first  needle  prick  may  be  the  only  painful 
procedure.    Braun  holds  the  independent  anaesthetizing  of  the  skin  to  be  un- 
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necessary.    According  to  his  method  the  line  of  incision  is  marked  by  the  for- 
mation of  a  small  wheal  at  either  end,  or  at  several  points  in  a  circular  incision. 


Fig.  89. — Showing  Subsequent  Injections  Made  within  the  Border  of  the  Wheal  Produced  in 

Fig.  88.     (After  Reclus.) 


(Fig.  90.)  Through  this  wheal  the  needle  is  thrust  directly  into  the  subcutane- 
ous tissue,  and  by  introducing  the  needle  in  different  directions  the  fluid  is  dis- 
tributed through  a-wide  subcutane- 
ous area,  thus  blocking  the  nerves  be- 
fore they  reach  the  skin.  Through 
the  same  points  the  deeper  tissues 
can  be  injected  in  a  similar  man- 
ner. (Fig.  91.)  This  deep  injection 
should  be  made  slowl}-  in  order  to 
allow  the  solution  gradually  to  dif- 
fuse itself,  as  rapid  cUstention  causes 
paui  by  pressure  on  miansesthetized 
nerves.  The  pressm-e  apparatus  of 
Matas  does  away  \\'ith  the  necessity 
of  removing  the  needle  in  order  to 
refill  the  s\Tinge. 

Head.—}>luch.  of  the  difficulty 
pre^^ously  encountered  in  the  appli- 
cation of  local  anaesthesia   to   the 

surgery  of  the  head  and  neck,  because  of  inabiUty   to   confine  the  ansesthe- 
tizmg  fluid,  has  been  overcome  by  the  introduction  of   adrenaUn.    With  an 
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Fig.  90. — Anaesthetization  of  Skin  by  Subcutaneous 
Injection,  Showing  the  Wide  Area  of  Distribution 
through  Two  Injection  Points.     (After  Braun.) 
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intimate  knowledge  of  the  nerve  supply  and  special  attention  to  the  regions 
of  nerve  trunks,  many  operations  previously  requiring  general  narcosis  may 


Fig.  91. — Injection  of  the  Deeper  Structures  through  the  Same  Points  as  in  Fig.  90.  The  arrows 
represent  the  needle  passing  in  various  directions  through  skin,  subcutaneous  tissue,  and  muscle,  to 
the  periosteum.     (After  Braun.) 

be  done  with  eocain,  as  is  w^ell  illustrated  by  a  reported  case  of  Matas,  in 
which  he   partially  excised  both  upper  maxilla)  and  the  entire  hard  palate 

under  regional  anaesthesia.  The 
nerve  supply  of  the  scalp  (Fig. 
92),  with  that  of  the  underlying 
fascia  and  periosteum,  comes  from 
below,  so  that  large  areas  may 
be  made  anaesthetic  by  injecting 
subcutaneous,  cross  strips  below 
the  proposed  seat  of  operation, 
thus  blocking  the  nerve  supply. 
A  cross  strip  of  subcutaneous  in- 
jection with  1:1,000  eocain  with 
adrenalin  above  the  supraorbital 
ridge  (Fig.  93)  renders  anaesthetic 
the  whole  central  portion  of  the 
forehead.  Sebaceous  cysts  and 
other  tumors  can  be  removed  in 
this  way,  or  with  ease  by  simple 
or  massive  infiltration,  or  by  cir- 
cular injection  blocking  the  nerve 
supply  on  all  sides.  In  the  same 
way  scalp  wounds  can  be  repaired 


Fig.  92. — Nerve  Supply  of  Face  and  Scalp  from  the 
Cervical  Plexus  and  Trigeminal  Nerve.  1,  N.  fron- 
talis; 2,  n.  supraorbitalis;  3.  n.  zygomatico-temporalis 
(trigeminus  II) ;  4,  n.  auriculo-temporalis  (trigeminus 
III);  5,  n.  auricularis  magnus;  6,  n.  occipitalis  minor: 
7,  n.  occipitalis  major;  8,  n.  supra-  and  intra-trochlea- 
ris;  9,  n.  inf raorbitalis ;  10,  ramus  nasalis  ext.  nervi 
etbmoidalis;   11,  n.  mentalis.     (After  Braun.) 


and  even  the  cranial  vault  and 
the  brain  itself  can  be  reached;  for  the  bone,  dura,  and  brain  cortex  have 
no  intrinsic  innervation. 

Plastic  operations  about  the  ear,  mouth,  and  face  offer  a  satisfactory  field 
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Fig.  93. — Showing  the  Area  of  Anaesthesia  Pro- 
duced by  a  Cross  Strip  of  Subcutaneous  Injection 
above  the  Supraorbital  Ridge,  Blocking  the  Xerve 
Supply  from  Below.     (After  Braun.) 


for  the  various  local  methods.  Minute  details  of  these  operations  are  given 
by  Braun.  Carcinomata  of  the  Ups  can  be  readily  removed  by  simple  infil- 
tration, and  I  have  repeatedly  excised  their  respective  glandular  areas  in  the 
same  way;  but,  where  an  indefinite 
or  extensive  dissection  is  to  be  made, 
narcosis  is  indicated. 

Fractures  of  the  lower  jaw  can  be 
painlessly  wired  by  carrjnng  the  in- 
jection down  to  the  periosteum  on 
each  side  of  the  fracture.  The  infe- 
rior dental  nerve  may  be  injected  in 
its  canal.  DrilUng  the  bone  causes 
no  pain. 

Mastoid  operations  are  best  left 
to  general  narcosis,  although  they 
have  been  done  by  the  infiltration 
method. 

The  use  of  local  anaesthetics  in 
work  upon  the  eye,   ear,   nose   and 

throat  is  well  known,  but  it  does  not  concern  the  general  surgeon,  and  the 
extensive  application  of  the  method  in  dentistry  will  not  be  considered  here. 

Xeck. — The  exit  of  the  branches  of  the  cersncal  plexiLS  at  the  posterior 
border  of  the  stenio-mastoid  muscle  offers  an  excellent  opportunity  for  block- 
ing superficial  sensation  m  the  anterior 
triangle.  (^Fig.  94.)  Individual  or  small 
groups  of  IjTiiph  nodes,  cysts,  andlipomata 
can  be  removed,  and  most  of  the  ligations 
of  vessels  in  the  neck  can  be  easily  accom- 
pUshetl  by  infiltration  or  by  deep  circum- 
scribing injections.  Deeper  cysts  or  nodes 
offer  greater  difficulties,  but  I  have  been 
able  to  do  a  complete  excision  of  all  13'mph 
nodes  with  division  of  the  stemo-mastoid 
and  omo-hyoid  muscles.  This  was  accom- 
phshed  by  infiltrating  the  skin  along  the 
posterior  border  of  the  stemo-mastoid  and 
exposing  the  cervical  plexus.  This  was 
blocked  with  one-per-cent  cocain,  the 
skin  incision  completed  and  the  cUssec- 
tion  proceeded  with.  When  the  decider  parts  were  reached  the  tissues  likely 
to  carrj'  sensory  nerves  were  injected  before  di\ision,  and  when  ner\'e  trunks 
were  exposed  they  were  likewise  blocked.     The  operation   was   done  upon 


Fig.  94. — Area  of  Antpsthesia  Produced  by 
Blocking  the  Cer\-ipal  Plexus  at  the  Posterior 
Border  of  the  Stemo-mastoid  Muscle.  (After 
Braun.) 
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a  young  colored  girl  (a  poor  subject),  but  was  completed  with  practically  no 
complaint  of  pain. 

The  larynx  as  a  special  field  for  local  "anaesthesia  has  been  exploited  by  Crile, 
who  has  shown  that  the  dangerous  reflex-carrying  power  of  the  superior  laryn- 
geal nerve  can  be  entirely  abolished  by  the  application  of  cocain  to  the  nerve 
or  to  its  endings  in  the  laryngeal  mucosa.  The  superior  laryngeal  nerve,  carry- 
ing sensation  and  reflexes,  lends  itself  readily  to  perineural  blocking  at  the  tip 
of  the  posterior  cornu  of  the  hyoid  bone.  Operations  upon  the  larynx  or  its 
complete  excision  can  be  satisfactorily  carried  out  under  local  infiltration  when 
this  nerve  is  blocked. 

Tracheotomy  in  adults  is  by  choice  an  operation  for  local  methods.  It  is 
easily  and  satisfactorily  done  by  infiltration. 

Goitre. — It  has  been  a  matter  of  considerable  dispute  as  to  whether  the 
removal  of  hypertrophied  or  diseased  thyroid  glands  be  included  rather  in  the 
domain  of  narcosis  or  in  that  of  local  ana3sthesia.  The  objection  advanced 
against  the  local  method  has  been  that  there  was  no  procedure  by  which  the 
whole  field  could  be  rendered  anesthetic.  Granting  the  objection,  I  believe  that 
it  ought  not  to  exclude  the  local  method;  for  those  surgeons  who  have  had  the 
greatest  experience,  as  Kocher,  Roux  and  others  situated  in  the  goitre  zone,  pre- 
fer local  anaesthesia.  Although  my  own  experience  has  been  limited  to  a  few  cases 
I  have  never  found  it  necessary  or  desirable  to  resort  to  general  anaesthesia.  Cer- 
tainly it  would  seem  that  the  operation  is  fraught  with  greater  dangers  when 
narcosis  is  induced.  I  have  had  occasion  to  witness  two  such  operations  in 
which  the  patient  died  on  the  table,  while  in  a  large  number  of  cases  in  which 
the  local  method  was  used  I  have  never  seen  a  mishap.  More  especially  do 
these  considerations  apply  in  the  case  of  exophthalmic  goitre. 

The  operative  procedure  required  is  one  in  which  experience  counts  for  a 
great  deal,  and  where  special  care  and  patience  are  necessary.  The  transverse 
incision  can  be  painlessly  carried  through  skin  and  subcutaneous  tissue  by  ender- 
mal  or  subcutaneous  injection  of  the  weakest  solutions,  but  nowhere  is  careful 
work  in  the  early  stages  of  the  operation  more  essential.  The  large  blood- 
vessels upon  the  coverings  of  the  gland  should  be  carefully  handled  and  their  peri- 
vascular tissue  infiltrated  before  clamping  and  dividing  the  vessels.  The  opera- 
tion can  then  be  carried  out  by  Schleich's  method,  infiltrating  layer  by  layer 
and  paying  especial  attention  to  nerves,  connective-tissue  bundles,  and  blood- 
vessels. Retraction  is  to  be  restricted  to  the  least  possible  amount,  and  the 
use  of  too  small  an  incision  is  to  be  avoided.  The  deUvery  of  deep-lying  lobes 
may  be  difficult,  but  by  careful  dissection  and  a  sufficiently  large  incision  it 
can  be  accomplished  without  causing  great  pain.  The  most  trying  part  of  the 
operation  is  the  ligation  of  the  superior  and  inferior  thyroid  vessels.  The  di- 
vision of  the  isthnms  I  have  never  found  troublesome  or  painful.  Thyroid 
tissue  is  without  sensation.     It  has  been  demonstrated  by  Kocher  that  the 
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danger  of  injuring  the  recurrent  nerve  is  decreased  by  the  local  method:  for 
by  requiring  the  patient  to  speak  occasionally  the  operator  can  readily  detect 
compression  of  this  nerve  by  the  change  in  phonation.  In  Kocher's  second 
thousand  cases  reported  in  1900  there  were  only  four  deaths.  The  greatest 
single  factor  contributing  to  this  low  mortahty  rate  was  undoubtedly  the  sub- 
stitution of  local  for  general  anspsthesia. 

Thorax  and  Breast. — The  applications  of  local  ansesthesia  are  limited  in  this 
region. 

Wiring  of  the  cla\'icle  can  be  readily  done  under  the  principles  which  apply 
to  fracture  of  the  lower  jaw. 

Puncture  of  the  pleura  (or  pericardium)  should  always  be  done  with  the  aid 
of  a  local  anaesthetic.  The  operation  can  be  rendered  absolutely  painless  by 
injecting  the  skin  at  the  point  of  the  puncture,  and  then  infiltrating  the  whole 
line  of  puncture  before  introducing  the  aspirating  needle.  As  onh"  a  small 
amount  of  the  anaesthetic  is  required,  a  strong  solution  (one-per-cent  cocain) 
is  reconmiended  as  acting  more  thoroughly  and  quickly. 

Resection  of  a  rib  in  thoracotomy  offers  an  easy  task  for  the  local  method. 
The  skin  is  endermically  injected  and  incised,  and  then  the  subcutaneous  tissue 
and  muscle  are  infiltrated  with  a  weak  solution.  The  periosteum  is  anaesthe- 
tized with  a  stronger  solution  (one-half -per-cent  cocain)  and  is  then  incised  and 
reflected.  The  cutting  of  the  rib  is  painless.  The  parietal  layer  of  pleura  is 
sensitive  and  requires  a  separate  injection.  The  visceral  pleura  is  devoid  of 
sensation.  The  operation  may  be  painlessly  carried  out  by  subcutaneous  in- 
jection through  a  point  at  either  end  of  the  proposed  incision,  the  needle  at  the 
same  time  being  carried  down  to  the  periosteum.  After  waiting  a  few  minutes 
the  whole  field  of  operation  is  thus  rendered  anaesthetic.  The  advantage  of 
the  local  method  is  evident  in  these  cases,  where  there  is  often  such  grave  dan- 
ger in  narcosis. 

The  breast  lends  itself  badly  to  local  methods.  Small,  superficial  and  freely 
movable  benign  tumors  can  be  removed  by  infiltration,  and  entire  removal  of 
the  breast  has  been  reported.  The  presence  of  a  malignant  timior  is  an  abso- 
lute contra-indication  to  local  anaesthesia. 

Upper  Extremity. — The  extensive  appUcation  of  local  methods  to  the  upper 
extremity  has  been  well  demonstrated  by  Crile  and  ^latas.  Crile  completed  a 
shoulder-girdle  amputation  by  injecting  the  brachial  plexus  as  it  leaves  the 
scaleni  in  the  supraclaA^icular  fossa.  Blocking  of  the  plexus  in  this  way  ren- 
ders possible  operations  on  any  portion  of  the  ami  and  amputation  at  any 
level.  The  large  nerve  trimks  in  the  arm  offer  a  most  attractive  field  for  the 
endoneural  and  perineural  methods.  (Fig.  95.)  By  exposing  and  blocking  by 
endoneural  injection  the  musculo-spiral,  median,  or  ulnar  ners'e,  any  desired 
area  can  be  anaesthetized.     (Fig.  96.) 

The  mecUan  nerve  is  easily  accessible  at  the  wrist  for  perineural  injection. 


2m 


AMERICAN  PRACTICE  OF  SURGERY. 


The  needle  is  introduced  at  the  ulnar  side  of  the  tendon  of  the  palniaris  longus 
(Fig.  95)  and  passed  beneath  the  tendon  diagonally  toward  the  radius  a  distance 
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Fig.  95. — Cross-section  of   Forearm  (5  om.  above  the  wrist).     The   arrows  indicate  the  direction  of 
the  needle  in  reaching  the  median  and  uhiar  nerves  for  perineural  injection.     (After  Braun.) 


Fig.  96. — Distribution  of  the  Nerves  of  the  Upper  Extremity  to  the  Skin  Anteriorly  and  Posteriorly. 
1,  Supraclaviculares ;  2,  cutaneus  brachii  medialis;  3,  cutaneus  brachii  anterior;  4,  cutaneus  antebr. 
med.;  5,  cutaneus  antebr.  lateralis;  6,  cutaneus  antebr.  dorsalis;  7,  raJialis  superficialis;  8,  ramus 
palmaris  n.  mediani;  9,  ramus  palmaris  n.  ulnaris;  10,  ramus  dorsalis  n.  ulnaris;  11,  n.  ulnaris;  12,  n. 
medianus;   13,  cutaneus  brachii  lateralis.     (After  Braun.) 

of  from  one  to  two  centimetres.     The  solution  is  thus  injected  about  the  nerve 
beneath  the  tendon  of  the  flexor  carpi  radialis.     A  strong  solution  (cocain  one- 
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half  to  one  per  cent)  is  used,  and  the  anaesthesia  should  appear  in  from  ten  to 
twenty  minutes.  Above  this  point  the  median  ners'e  is  not  accessible 
except  by  exposure. 

The  radial  nerve  can  be  reached  just  above  the  styloid  process  of  the  radius 
by  a  cross  strip  of  subcutaneous  injection.  This,  in  addition  to  the  perineural 
injection  of  the  median  nerve,  anaesthetizes  the  whole  radial  surface  of  the  hand. 

The  ulnar  nerve  can  be  reached  for  perineural  injection  about  5  cm.  (2  inches) 
above  the  wTist.  The  needle  is  inserted  between  the  ulna  and  the  tendon  of  the 
flexor  carpi  ulnaris  (Fig.  95),  and  the  solution  (one-half  to  one  per  cent  cocain) 
injected  at  a  depth  of  li  to  2  cm.  (i  inch).  A  cross  strip  of  subcutaneous  injec- 
tion may  also  be  necessary  to  anaesthetize 
the  dorsal  branch  of  the  ulnar.     By  extend-        -  I 

ing  this  cross  strip  above  the  head  of  the 
radius,  the  rachal  nerve  is  also  blocked  and 
the  whole  of  the  dorsum  of  the  hand  anaes- 
thetized. 

Indi\'idual  fingers  are  perhaps  the  most 
frequent  site  for  the  application  of  local 
anaesthesia.  Each  finger  is  supphed  by  two 
anterior  and  two  posterior  nerves.  (Fig. 
97.)  These  can  be  reached  through  two 
points  of  injection  at  the  base  of  the  finger 
toward  the  dorsal  border.  A  rubber  tube 
is  first  tied  about  the  base  of  the  finger  and 
then  a  small  amoimt  of  a  strong  solution  (one- 
half  to  one  per  cent  cocain)  is  injected  about  the  anterior  and  jwsterior  nerves. 
In  five  minutes  the  whole  finger  is  anaesthetized  for  amputation  or  for  the 
treatment  of  felons  or  infections.  By  paying  attention  to  the  course  of  the 
nerves  between  the  metacarpal  bones,  the  bases  of  the  fingers  and  the  meta- 
carpals can  be  made  anaesthetic.  By  the  combination  of  local  injection  with 
nerve-blocking,  amputation  at  any  level  of  the  arm  is  possible. 

Inflammation  and  infection  of  the  olecranon  bursa  may  be  approached  by 
infiltrating  around  the  bursa,  carrying  the  injection  to  the  periosteum.  In 
the  same  way  fractures  of  the  olecranon  offer  an  easy  field  for  the  local  method. 
The  same  principles  apply  here  as  for  wiring  a  fractured  cla^^cle  or  lower  jaw. 

Axilla. — The  axilla,  except  for  the  removal  of  small  benign  tumors  or  in- 
di\'idual  lymph  nodes,  or  for  the  opening  of  abscesses,  cannot  be  included  in  the 
realm  of  local  anaesthesia.  Extensive  dissections  for  mahgnant  conditions  neces- 
sitate the  administration  of  a  general  anaesthetic. 

Lower  Extremity. — On  account  of  the  complex  nerve  supply  of  the  buttocks 
and  the  highest  part  of  the  thigh,  local  methods  in  these  regions  are  unsatis- 
factory.    (Fig.  98.)     In  the  lower  part  of  the  thigh  and  in  the  leg  and  foot 


Fig.  97. — Cross-section  through  Base 
of  Finger.  Showing  the  direction  of  the 
needle  in  anaesthetizing  the  whole  finger. 
a.  Flexor  tendons;  6,  bone;  c,  extensor 
tendons.  The  nerves  are  indicated  by 
black  dots  according  to  the  size  of  the 
indi\-idual  trunks.     (.Aiter  Braun.) 


248 


AMERICAN   PRACTICE  OF  SURGERY. 


all  operations,  no  matter  what  their  extent,  can  be  painlessly  performed  by  the 
open  endoneural  cocainization  of  the  sciatic  and  the  long  saphenous,  or  of  the 
anterior  crural  and  external  cutaneous  nerves.  The  posterior  tibial  nerve  can 
be  reached  for  perineural  injection  at  the  internal  malleolus  by  inserting  the 
needle  1  cm.  (j  inch)  from  the  median  border  of  the  ten  do  Achillis,  passing  it 
directly  forward  to  the  posterior  surface  of  the  tibia,  and  then  withdrawing 
slightly  and  hijecting  the  solution.     (Fig.  99.) 

Individual  toes  are  ansesthetized  just  as  are  fingers,  by  two  lateral  injections 
at  the  basal  phalanx.     Ingrowing  toenails  can  thus  be  painlessly  treated.     By 


Fig.  98. — Superficial  Distribution  of  Nerves  of  Leg  Anteriorly  and  Posteriorly.  1,  Ilio-hypo- 
gastricus;  2,  cutaneus  fem.  lateralis;  3,  lumbo-inguinalis ;  4,  cutaneus  fem.  anterior;  5,  obturatorius ; 
6,  cutaneus  surse  lateralis;  7,  saphena;  8,  peronaBUs  superficialis ;  9,  suralis;  10,  peronseus  pro- 
fundus; 11,  clunium  superiores;  12,  clunium  inferiores;  13,  cutaneus  fem.  posterior;  14,  cutaneus 
suraj  medialis;   15,  r.  calcanei  n.  tibialis;   16,  tibialis.     (After  Braun.) 

carrying  the  injection  between  the  metacarpals,  deeper  anaesthesia  may  be  ob- 
tained for  the  amputation  of  toes,  or  the  excision  of  metacarpals,  as  in  the  opera- 
tion for  hallux  valgus.  Amputation  of  the  lower  extremity  at  any  level  is  a 
satisfactory  procedure  under  the  local  methods. 

Fractures  of  the  patella  can  be  painlessly  wired  or  the  prepatellar  bursa 
excised  by  simple  infiltration,  carrying  the  injection  to  the  periosteum. 
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The  knee  jgint  can  be  explored  by  a  simple  procedure.  A  wheal  is  raised  by 
endermal  injection,  and  through  this  point  the  Une  of  puncture  is  cocainized  to 
the  synovial  membrane.  A  large  needle  is  introduced,  and  what  fluid  the 
joint  contains  is  evacuated.  The  joint  is  then  filled  with  1 : 1,000  cocain  with 
adrenalin.  This  is  withdrawn  in  ten  minutes,  and  the  joint  is  found  to  be  in- 
sensitive and  may  be  explored  ^Nith  instruments,  irrigated,  foreign  bodies  re- 
moved, etc.  Small  joints  l}dng  in  a  field  which  can  be  rendered  anaesthetic 
need  no  separate  treatment. 

Genito-Urinary  Systeryi. — The  bladder  and  urethra  are  esj^ecially  adapted 
to  the  surface  appUcation  of  local  anaesthetics,  cocain,  eucain,  or  akoin  being 
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Fig.  119  (nach  Bra  une). 

Fig.  99. — Cross-section  through  L^  just  Above  Ankle.  Showing  Direction  of  Xeedle  for  Perineural 
Injection  of  Posterior  Tibial  Xer\-e.     (After  Braim.) 


equally  ser^^ceable.  The  many  cases  of  cocain  poisoning  which  have  been 
reported  in  this  field  are  due  to  the  use  of  unnecessarily  strong  solutions  injected 
into  the  bladder.  The  addition  of  adrenahn  is  valuable.  For  the  urethra  one- 
per-cent  solutions  of  cocain  are  sufficient.  The  bladder,  after  being  thoroughly 
washed,  may  be  rendered  insensitive  by  fiUing  it  ^\'ith  0.1-per-cent  cocain  (plus 
adrenalin)  and  allowing  this  to  remain  for  fifteen  to  twenty  minutes  before  \^•ith- 
dra^ing  it.  The  solution  should  be  cold.  The  bladder  can  then  be  painlessly 
explored  ^ith  the  cystoscope  or  sound,  and  stones  may  be  crushed.  For  supra- 
pubic cystotomy  the  bladder  should  be  first  treated  in  this  way,  and  the  incision 
may  then  readily  be  made  under  infiltration  anaesthesia. 

Circumcision  in  older  children  or  adults  can  be  done  by  direct  infiltration  of 
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Fig.  100. — Anaesthetization  of  Prepuce  in  Circumcision. 
(After   Reclus.) 


the  line  of  incision,  especial  attention  being  paid  to  the  fr^cnum.  (Figs.  100,  101, 
and  102.)  The  mucous  membrane  may  be  first  anaesthetized  by  filling  the 
prepuce  with  one-per-cent  cocain  and  waiting  a  few  minutes.     Krogius  applies 

the  blocking  method  by 
injecting  subcutaneously  a 
ring  about  the  base  of  the 
penis.  Braun  injects  0.5- 
per-cent  cocain  about  the 
coronary  sulcus.  In  adults 
general  narcosis  is  never 
indicated  in  this  operation. 
External  urethrotomy 
is  readily  done  by  infiltra- 
tion, the  mucosa  having 
been  previously  anaesthe- 
tized by  surface  applica- 
tion. 

Internal  urethrotomy 
cannot  be  rendered  painless  by  local  methods,  but  gradual  dilatation  can  be 
successfully  accomplished. 

Prostatectomy  has  been  performed  by  Tinker  by  means  of  infiltration. 
Narcosis  is  practically  never  necessary  for  operations  upon  the  scrotum 
and  its  contents.  A  combination  of  infiltration  for  the  skin  and  subcutaneous 
tissue,  with  injection  of  the  cord  just  outside  the  external  ring,  enables  one  to 
carry  out  painlessly  the  pro- 
cedure of  hgation  or  castration, 
or  the  radical  cure  of  hydrocele. 
The  high  varicocele  operation 
can  be  performed  by  a  modifi- 
cation of  Cushing's  technique 
for  hernia,  to  be  described  later. 
Rectal  Surgery. — In  surgery 
of  the  rectum  and  perineum, 
spinal  anaesthesia  finds  its  most 
satisfactory  and  safest  applica- 
tion, yet  by  the  local  methods 
practically  any  of  the  ordinary 
procedures  can  be  accomplished. 
The  sphincter  ani  may  be  anaes- 
thetized by  injecting  it  thoroughly  with  one-per-cent  cocain  plus  adrenalin. 
It  can  then  be  painlessly  stretched  for  examination  or  treatment  of  the 
mucous  membrane.     By  a  circumscribing  injection  carried  well  up  along  the 


Fig.  101, — Anspsthetization  of  Base  of  Prepuce   'n 
Circumcision.    (After  Reclus.) 
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rectum,  guided  by  a  finger  within,  the  whole  lower  rectum  becomes  available 


for  oiDcration.  (Figs.  103  and  104.) 
use  of  simple  injection.  Hemor- 
rhoids, if  small,  may  be  removed 
in  the  same  way,  and  complete 
excision,  or  the  hgature  or  cautery 
operation,  can  be  accomplished  by 
means  of  the  deep  circumscribing 
injection.  For  extensive  hemor- 
rhoidal operations,  large  fistulae, 
or  ischio-rectal  abscesses,  spinal 
anaesthesia  would  seem  to  be  the 
method  of  choice. 

Abdomen. — The  possibihties 
and  scope  of  local  ana?sthesia  in 
abdominal  work  depend  to  a  gi-eat 
extent  upon  the  indi^ddual  opera- 
tor, his  experience  and  knowledge 
of  the  sensitive  regions,  and  the 
manner  in  which  they  are  to  be 
avoided.     In  the  clinic  of  the  late 


Fistulae,  if  small,  may  be  excised  by  the 


Fig.   102. — Showing  Separate  Injection  of  Fraenum 
in  Circumcision.     (After  Reclns.) 


Professor  Mikulicz  fully  one-third  of  the  opera- 
tions were  done  under  local  ansesthesia.  For 
operations  involving  only  the  abdominal 
parietes,  general  principles  apply  as  in  other 
parts  of  the  body.  Incisions  in  the  middle 
line  can  be  made  by  layer  infiltration  or  by 
subcutaneous  injection.  Incisions  through 
the  rectus  muscle  can  be  painlessly  made 
by  infiltrating  layer  by  layer  wdth  very  weak 
solutions.  The  transverse  bands  of  the  rectus 
muscle  carry  nerves  and  blood-vessels  and 
need  special  attention.  The  McBumey  or 
2;ridiron  incision  is  easily  completed  by  in- 
filtrating layer  by  layer  and  retracting  care- 
fully. The  ilio-hypogastric  and  iho-inguinal 
nerves  are  usually  exposed  in  the  inter- 
nal oblique  muscle,  or  between  it  and  the 
transversalis.  They  can  be  injected  when 
seen,  or,  if  not,  these  muscles  should  be 
broadly  infiltrated  in  order  to  secure  good  retraction.  The  region  of  the 
kidney  can  be  reached  in  the  same  way.      In  any  abdominal  incision  when 


Fig.  10.3. — Anspsthetization  of  Anal 
and  Rectal  Regions.  The  four  dots 
represent  the  injection  points.  (After 
Braun.) 
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the  preperitoneal  tissue  is  reached,  it  should  be  injected  with  a  strong  solu- 
tion (one-per-cent  cocain)  before  incising. 

The  peritoneum  has  been  shown  by  the  work  of  Lcnnander  to  vary  greatly 
in  its  sensibility  in  different  regions.  The  parietal  peritoneum  is  exquisitely 
sensitive,  while  the  visceral  layer  is  devoid  of  sensation.  All  organs  innervated 
by  the  sympathetic  system  are  insensitive.  Therefore,  pain  attributed  to  the 
abdominal  viscera  during  manipulations  can  be  explained  as  being  due  in  all 
cases  to  some  disturbance  of  the  parietal  layer  either  by  direct  contact  or  by 
indirect  traction  or  pressure.  Incision  or  crushing  of  any  part  of  the  gastro- 
intestinal tract  is  not  accompanied  by  pain  so  long  as  there  is  no  dragging  on 
the  parietal  peritoneum  directly  or  through  the  mesentery.  The  liver  or  gall 
bladder  can  be  painlessly  incised  with  the  cautery  or  with  cutting  instruments, 


Fig.  104. — Sagittal  Section  of  Rectum,  Showing  the  Direction  of  the  Needle  in  Anaesthetizing  the 
Rectum.  A,  Cross-section,  in  a  vertical  plane,  of  the  anus  and  rectum;  in  the  diagram  B  are  shown 
the  four  points  (1,  2,  3,  4)  where  the  needle  should  be  inserted.      (After  Braun.) 


provided  this  traction  is  avoided.  Large  portions  of  the  omentum  can  be 
painlessly  removed.  It  can  readily  be  seen,  then,  that  an  especially  careful 
technique  is  necessary  in  all  abdominal  procedures,  and  that  the  parietal  peri- 
toneum is  to  be  avoided.  The  placing  of  retractors  and  the  force  of  retraction 
should  be  carefully  regulated.  In  introducing  or  removing  gauze  pads,  care 
should  be  taken  not  to  rub  them  over  the  parietal  peritoneum,  and,  in  handling 
the  abdominal  viscera,  dragging  on  their  parietal  attachment  should  be  avoided. 
In  inflammatory  conditions  the  parietal  peritoneum  becomes  more  sensitive, 
but  the  visceral  layer  remains  free  from  sensation.  It  is  evident  that  in  opera- 
tions involving  organs  lying  in  apposition  to  the  anterior  abdominal  wall,  local 
ana3sthesia  is  especially  indicated. 

Gastrostomy  for  oesophageal  stricture  or  foreign  bodies  can  practically 
always  be  done  by  the  aid  of  local  anaesthesia.  In  the  absence  of  adhesions 
gastroenterostomy  is  also  practicable. 
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The  gall  bladder  can  be  drained,  as  in  acute  typhoidal  cholecystitis;  but, 
where  the  ducts  also  are  to  be  examined,  narcosis  is  indicated. 

The  intestines  are  available  for  suture  or  for  the  estabUshment  or  closure  of 
an  artificial  anus  or  fistula. 

A  most  important  procedure  for  which  local  anaesthesia  is  especially  indi- 
cated is  abdominal  exploration  for  intestinal  perforation  in  typhoid  fever. 
"Hesitation  over  the  propriety  of  subjecting  a  patient  already  suffering  from  the 
effects  of  a  serious  disease,  to  the  additional  risks  of  general  anaesthesia,  has  per- 
haps more  than  any  other  factor  been  the  occasion  heretofore  of  delayed  sur- 
gical intervention,  when  acute  abdominal  sjTnptoms  have  supervened  during 
the  course  of  typhoid  fever.  It  is  not  to  be  doubted  that  the  calamities  of 
anaesthesia  are  especially  prone  to  follow  upon  its  prolonged  administration 
to  patients  during  such  febrile  states."  (dishing.)  This  danger  is  practically 
obliterated  by  the  use  of  a  local  anaesthetic,  and  at  the  same  time  the  necessity 
for  a  hurried  exploration  is  done  away  with.  The  knowledge  that  a  cocain 
exploration  is  without  danger,  must  lead  one  to  explore,  without  hesitation, 
many  cases  where  a  positive  diagnosis  would  be  demanded  before  subjecting 
these  patients  to  general  narcosis.  Tj^hoid  patients,  as  a  rule,  are  ideal  subjects 
for  local  anaesthesia.  The  detailed  technique  is  that  of  any  abdominal  opera- 
tion, and  the  same  care  and  experience  are  necessary. 

Hernia,  in  all  its  external  forms,  offers  a  fruitful  field  for  local  anaesthesia; 
but  with  strangulation  I  feel  that  the  indication  for  local  methods  is  absolute, 
as  also  ^nth  indi\-iduals  of  advanced  years,  who  would  otherwise  be  refused 
operation.  After  some  experience,  ether  and  chloroform  no  longer  remain  the 
anaesthetics  of  choice,  even  where  there  are  no  contra-indications  to  their  ad- 
ministration. In  my  own  work,  with  a  considerable  number  of  hernia  cases, 
during  the  past  four  years,  fully  nine-tenths  have  been  done  under  local  anaes- 
thesia, and  it  is  only  in  the  rarest  cases  that  a  general  anaesthetic  has  been 
administered.  I  formerly  beUeved  general  anaesthesia  to  be  a  necessity  for 
recurrent  cases,  but  recent  experience  has  conAdnced  me  that  these  offer  little 
more  difficulty  than  the  primary  hernia  operations.  Post-operative  hemiae 
with  wide  separation  of  muscles,  on  the  other  hand,  usually  necessitate  general 
anaesthesia. 

Umbilical  hemiae,  unless  very  large,  are  easily  repaired.  The  layer  method 
of  Schleich,  or  the  circumscribing  blocking  injection  of  Braun,  aided  by  a  separate 
injection  of  the  neck  of  the  sac  and  preperitoneal  tissue,  wiU  suffice.  (Fig.  105.) 
I  have  found  the  layer  method  most  satisfactory,  and  have  had  little  difficulty 
in  completing  the  operation,  even  in  very  fat  indi\'iduals,  where  the  excision  of 
large  portions  of  omentum  was  necessary.  It  is  in  these  cases  especially  that 
local  anaesthesia  is  most  to  be  desired. 

Femoral  hemiae  offer  greater  difficulty  for  the  local  method,  but  injection  by 
layers  with  weak  solutions  is  usually  satisfactory. 
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Fig.  105. — Scheme  of  Injection  in  Large  Umbilical  Hernia.  The  figures  indicate  the  injection 
points ;  the  arrows  and  dotted  lines  show  the  directions  of  the  needle,  and  the  solid  lines  the  incision. 
This  represents  a  characteristic  example  of  the  circumscribing  blocking  method  of  Braun.  (After 
Braun.) 
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Fig.  106. — Sketch  Showing  Usual  Situation  of  Nerves  as  Exposed  after  Division  and  Reflection  of  the 
Aponeurosis  of  External  Oblique  Muscle.     (After  Gushing.) 
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Inguinal  Hernia.— Cushing's  method  is  without  doubt  the  most  satisfactory 
for  all  inguinal  hernias,  whether  simple  or  strangulated,  and  is  one  of  the  most 
strikmg  appUcations  of.  regional  or  blocking  anaesthesia.  Braun's  objection, 
that  it  does  not  apply  for  strangulated  hernias,  because  it  necessitates  the  open- 
ing of  the  sac  before  inspecting  the  peritoneal  cavity,  does  not  hold.  It  has 
always  been  my  habit  where  gangrene  or  perforation  within  the  sac  was  sus- 
pected, to  open  the  peritoneal  cavity  above  the  neck,  and  in  this  I  have  ex- 
perienced no  great  difficulty.  The  method  renders  insensitive  the  field  of  opera- 
m,  and  the  operator  is  then  without  restriction  as  to  the  type  of  radical  cure 
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Fig.  107. — Relations  of  the  Inguino-Scrotal  Nerves  to  the  Hernia  Incision.  (From  Annals  of 
Surgery,  vol.  xxxi.,  1900:  "Observations  upon  the  Neural  Anatomy  of  the  Inguinal  Region  Relative 
to  the  Performance  of  Herniotomy  under  Local  Anaesthesia,"  by  Har^-ey  Gushing,  M.D.)  I,  Ilio- 
h\-pogastric ;  //,  ilio-inguinal ;  ///,  genito-crural;  /F,  genital  branch;  F,  crural  branch. 


to  be  performed.  The  method  will  be  given  in  detail  as  described  by  Cushing: 
■'  The  skin  in  the  line  of  proposed  incision  is  infiltrated  ^vith  Schleich's  cocain 
solution  (1  -.1,000),  and  the  incision  may  be  immecUately  made  through  the  linear 
wheal  thus  produced.  ...  If,  however,  throughout  its  whole  length,  this  inci- 
sion is  carried  down  to  the  aponeurosis,  imana^sthetized  fibres  of  the  ilio-hypo- 
gastric  ^-ill  be  encountered  in  the  superficial  fat  at  the  lower  angle,  together 
■with  one  or  two  large  I'eins,  di\'ision  of  which  is  painful,  so  that  anaesthetization 
<  )f  the  panniculus  layer  would  here  be  necessary.  A  much  better  method  is  to 
carry  the  incision  only  at  the  upper  angle  down  to  the  aponeurosis,  which  is  then 
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opened  in  line  of  fibres  from  the  external  ring  and  the  ilio-hypogastric  and  in- 
guinal nerves  immediately  cocainized  with  a  one-per-cent  solution  as  they  are 
thus  exposed.  After  this  procedure  the  lower  angle  of  the  incision  may  be  pain- 
lessly carried  down  to  the  external  ring,  and  the  remaining  intercolumnar  fibers 
of  the  aponeurotic  insertion  divided.  Reflection  of  the  pillars  of  the  ring  then 
gives  the  view  shown  in  the  accompanying  sketch.  (Fig.  106.)  There  is,  under 
ordinary  circumstances,  no  further  need  of  the  anaesthetic,  as  we  are  working 
in  an  area  freed  from  all  sensation.  .  .  .  The  remainder  of  the  operation,  the 
exposure  of  the  sac  at  its  neck,  and  the  closure  of  the  peritoneal  opening,  the 
excision  of  the  fundus  of  the  sac,  division  of  the  cord,  and  castration — if  deemed 
advisable  in  senile  cases — may  now  be  done  practically  without  pain.  Occa- 
sionally, however,  some  stray  fibres  of  the  genito-crural  may  be  encountered 
about  the  neck  of  the  sac.  .  .  .  The  closure  of  the  parietes  by  any  of  the  more 
commonly  employed  methods  may  now  be  painlessly  accomplished.  .  .  .  Tight- 
ening the  deep  sutures  in  closing  the  wound  may  elicit  a  dull  sensation  of  pain 
which  the  patient  usually  describes  as  an  uncomfortable  sensation  of '  pressure.' 
.  .  .  The  subcuticular  silver  suture,  used  in  closing  the  skin,  .  .  .  may  be 
placed  without  pain."  Cushing's  sketch  (Fig.  107)  shows  the  usual  distribution 
of  the  inguino-scrotal  nerves,  which  are  subject  to  great  variation — not  enough, 
however,  materially  to  interfere  with  the  operation  as  described  above.  I  have 
found  that  the  addition  of  adrenahn  to  the  anaesthetizing  solution  is  of  the 
greatest  assistance.  Another  useful  addition  to  Cushing's  technique  is  the 
thorough  cocainization  of  the  neck  of  the  sac  at  an  early  stage,  by  injecting 
about  it  and  the  cord  a  few  drops  of  one-per-cent  cocain  with  adrenalin. 

Spinal  Anaesthesia. 

The  idea  of  injecting  substances  within  the  spinal  canal  for  the  production 
of  anaesthesia  was  first  suggested  by  Leonard  Corning,  of  New  York,  in  1885. 
There  followed  some  experimental  work  of  Europeans,  but  Coming's  observa- 
tions remained  unnoticed.  The  perfection  of  the  technique  of  lumbar  puncture 
by  Quincke  aroused  new  interest,  and  in  1899  appeared  the  first  work  of  Bier, 
to  whom  we  owe  the  introduction  and  development  of  the  method  for  surgical 
purposes.  The  great  number  of  failures,  serious  after-effects,  and  deaths  re- 
ported caused  the  method  to  fall  into  bad  repute.  The  improvements  in  tech- 
nique have  considerably  changed  this  state  of  affairs;  but  in  this  country  it 
has  never  become  generally  popular,  although  it  is  used  extensively  by  certain 
surgeons.  Dangerous  after-effects  have  been  lessened  by  the  addition  of 
adrenahn  to  the  anaesthetizing  fluid  and  by  the  substitution  of  less  toxic  drugs 
for  cocain.  The  anaesthetic  acts  directly  on  the  sheathlcss  nerves  of  the  cauda 
equina  and  on  the  nerve  roots,  not  upon  the  conduction  tracts  of  the  cord  itself. 
Both  sensory  and  motor  roots  are  affected,  bul)  the  former  to  a  much  greater 
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^Kfrom  half  an  hour  to  two  hours,  but  with  the  addition  of  acbenalin  its  duration  is 
Bhncreased.  It  commences  about  the  genitalia  and  extends  to  the  legs,  abdomen, 
^'and  sometimes  to  the  arms  and  head.  Below  the  navel  it  is  reasonably  certain 
and  of  long  enough  duration  for  ordinary  operations.  Its  progressive  action  is 
due  ix)  the  gradual  upward  diffusion  of  the  anaesthetic,  becoming  less  as  the  drug 
is  more  and  more  diluted  by  the  cerebro-spinal  fluid.  Naturally,  the  most  in- 
tense anaesthesia  is  obtained  at  the  point  where  the  anaesthetic  is  most  concen- 
trated; hence,  by  injecting  at  different  levels  or  by  elevating  the  peh-is,  the  anaes- 
thesia can  be  more  or  less  regulated.  On  account  of  danger  of  injury  to  the  cord, 
he  point  of  injection  is  Umited  to  the  lumbar  spaces.  The  height  to  which  the 
anaesthesia  ascends  depends  upon:  (a)  the  dose  of  the.  drug  used,  (b)  the  amount 
of  fluid  injected  and  the  rapidity  of  injection,  and  (c)  the  position  of  the  patient, 
i.e.,  the  relative  level  of  the  peh-is.  The  serious  after-effects  depend  upon  the 
amount  of  the  drug  which  reaches  the  medulla;  therefore,  the  danger  is  greater 
when  high  anaesthesia  is  sought  by  elevation  of  the  pelvis  or  by  large  doses  or 
forced  injection  of  the  drug. 

Uyipleasant  and  dangerous  symptoms  may  appear  immediately  or  during  or 
after  anaesthesia.  ^lilder  symptoms  have  been  noted  by  some  operators  in  fifty 
^ftper  cent  of  cases  when  cocain  was  used.  These  are  the  sjinptoms  of  poisoning 
— nausea,  vomiting,  sweating,  tremor,  etc.  In  most  cases  they  soon  pass 
off,  but  may  go  on  to  collapse  and  death.  After-effects  were  just  as  often 
noted — headache,  vomiting,  weakness,  and  loss  of  appetite,  lasting  for  days.  In 
many  cases  there  have  been  chills  and  rise  of  temperature.  The  frequency  of 
after-effects  has  been  lessened  by  the  introduction  of  adrenahn.  According  to 
Braun  the  action  of  adrenahn  is  to  cause  the  blood-vessels  about  the  cauda 
•  equina  to  contract  and  thus  create  a  negative  pressure,  bringing  about  a  down- 
ward current  of  cerebro-spinal  fluid.  Many  of  the  symptoms  after  spinal  anaes- 
thesia are  due  to  irritation  of  the  meninges,  causing  a  reactive  inflammation 
with  great  increase  in  the  cerebro-spinal  fluid,  thus  explaining  the  headache, 
etc.  It  is  a  meningitis.  Braun  ascribes  this  to  the  difference  in  osmotic  press- 
ure between  cerebro-spinal  fluid  and  the  solution  injected,  and  gives  in  sup- 
port of  this  view  the  observation  that  such  sjinptoms  are  rarely  seen  when 
the  anaesthetic  is  dissolved  in  cerebro-spinal  fluid  before  injection.  It  does 
not  seem  Ukely  that  a  technique  will  ever  be  devised  which  ynM  entirely  banish 
unpleasant  symptoms,  for  these  are  sometimes  observed  after  simple  lumbar 
punctvu-e. 

A  certain  number  of  failures  to  obtain  anaesthesia  have  been  reported. 
These  cannot  be  attributed  to  an  icUos\Ticrasy  against  cocain  or  other  drugs, 
for  in  many  instances  a  second  attempt  has  succeeded  after  the  first  abso- 
lutely failed.  The  proper  explanation  of  probably  all  failures  is  that  either 
there  is  some  abnormality  of  the  spinal  canal,  or  more  frequently  that  the  tech- 
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nique  is  faulty  or  the  ansesthetic   impure  or  inactive.     All  of  the  ordinary 
local  anaesthetics  have  been  used  for  the  production  of  spinal  anaesthesia. 

Cocain  has  been  most  extensively  applied.    The  dose,  as  generally  agreed 
upon,  for  obtaining  anjpsthesia  (-1)  of  the  lower  extremities  is  15  mgm.,  (2)  up  to 


#=9 


Fig.  108. — Pravaz  Syringe  with  Fibre  Packing.  This  type  allows  easy  introduction  of  tablets 
or  powder  into  the  syringe  to  be  dissolved  in  cerebro-spinal  fluid.  Note  the  short  bevel  of  the  needle' 
point.     (After  Matas.) 

the  sternum  20  mgm.,  and  (3)  of  the  upper  extremities  50  mgm.  Cocain  alone 
is  no  longer  used,  but  it  is  always  accompanied  by  adrenalin.  For  this  purpose 
tablets  have  been  devised.  Braun's  tablets  contain  cocain  10  mgm.,  supra- 
renalin  ttf  mgm.,  and  salt  90  mgm.  They  can  be  sterilized  by  the  fractional 
method  and  kept  ready  for  use.*  It  is  claimed  by  others  that  the  salt  is  un- 
necessary, but  such  tablets  afford  the  most  convenient  form  in  which  to  handle 
the  cocain  and  adrenalin. 

Tropococain  may  be  substituted  for  cocain.  Its  maximal  dose  is  30  to  40 
mgm.     The  duration  of  the  anaesthesia  is  less  than  with  cocain. 


Fig.  109. — Tuffier  Needle.  Actual  size,  9  cm.  long,  with  short,  sharp  bevel.  The  syringe  is  the 
ordinary  metal  and  glass  syringe  holding  2  cubic  cm.  This  is  the  most  convenient  syringe  for  ordi- 
nary local  methods.     (After  Matas.) 


Eucain  B  is  highly  recommended  on  account  of  its  slight  toxicity.  The 
dose  is  15  to  20  mgm.  for  anaesthesia  of  the  rectum,  perineum,  and  legs;  25 to 35 
mgm.  for  anaesthesia  of  higher  regions. 

Magnesium  sulphate  has  been  recently  used,  and  has  already  been  referred 

*  These  tablets  are  now  prepared  by  Parke,  Davis  &  Co. 
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to.— Stovain  has  apparently  given  the  best  recent  results  \N-ith  a  uiininiuin  of 
bad  effects.  Bier  and  Donitz  state  that  in  102  cases  in  which  it  was  employed 
by  them,  80  per  cent  were  free  from  any  dangerous  or  impleasant  sjniptoms. 
In  the  remaining  20  per  cent  there  was  shght  collapse  once,  and  vomiting  seven 
times,  and  in  none  were  serious  after-effects  obsers'ed.  It  is  stated  by  Bier  that 
no  deaths  can  be  directly  attributed  to  the  stovain.  Medical  hteratme  of  the 
past  year  or  so  contains  numerous  expressions  of  the  safety  and  efficiency  of 
stovain  for  spinal  anaesthesia,  and  at  present  the  general  consensus  of  opinion 
seems  to  be  that  it  is  the  best.  Its  dosage  is  40  mgm.  for 
low  and  70  mgm.  for  high  anaesthesia.  It  can  be  sterilized 
in  solution.  Donitz  recommends  tablets  containing  stovain 
20  mgm.,  suprarenahn  iV  mgm.,  made  up  with  gum  arable. 
These  can  be  steriUzed  and  kept  readj^  for  use. 

Technique. — Proper  needles  and  syringes  are  a  necessity. 
(Figs.  109  and  110.)  Steel  needles  are  best  and  should  be 
about  7  to  8  to  10  cm.  long  and  of  a  diameter  of  0.8  to  1  nun. 
The  point  should  not  be  too  long,  but  with  a  short  bevel. 
The  syringe  should  be  of  glass  with  a  capacity  of  5  to  10  c.c. 
and  so  constructed  that  it  can  be  easily  opened  for  the  in- 
troduction of  the  anaesthetizing  substance.     (Fig.  110.) 

Preparation  of  Patimt. — Practically  no  special  prepara- 
tion is  necessary.  It  is  generally  ad^^sed  that  there  be  given 
a  glass  of  wine  or  milk  or  a  cup  of  coffee  shortly  before  the 
operation,  as  it  seems  that  the  procedure  is  accompanied  by 
less  discomfort  if  there  is  something  in  the  stomach. 

Injection  of  Anaesthetic. — The  method  of  Bier  and  most 
operators  is  to  have  the  patient  King  on  the  side,  the  back 
strongly  bowed  and  the  knees  drawn  up,  i.e.,  in  a  position 
of  marked  kyphosis,  \\'ith  lateral  curving  away  from  the 
side  on  which  the  injection  is  to  be  made.  (Fig.  111.)  Some 
prefer  having  the  patient  in  a  sittmg  posture  at  the  time  of 
the  injection.  The  spaces  between  the  lumbar  vertebrae  are  available  for 
puncture,  and  these  become  \Nider  in  the  above  position.  The  cord  reaches  in 
adults  to  the  lower  border  of  the  second  lumbar  vertebra;  hence  the  i3oint  of 
puncture  is  usually  between  the  third  and  fourth  limibar  vertebrae  or  the 
next  lower  interspace.  (Fig.  112.)  Donitz  ad\'ises  puncture  between  the  first 
and  second  for  high  anaesthesia,  and  objects  to  the  lateral  curving  as  hkely 
to  lead  to  the  production  of  one-sided  anaesthesia.  A  Une  connecting  the 
iliac  crests  passes  through  the  fourth  lumbar  vertebra,  and  from  this  the  next 
interspace  is  reacUly  located.  (Fig.  113.)  The  skin  is  cleaned  and  anaesthetized 
by  freezing  or  by  infiltration.  The  needle  is  now  inserted  about  1^  cm. 
(I  inch)  from  the  middle  line  and  jjushed  obliquely  upward  and  forward  so 


Fig.  110. —  Glass 
Syringe  with  Metal 
Piston  Recommend- 
ed by  Braun. 
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as  to  strike  the  dura  in  the  midline.  (Fig.  114.)  If  the  needle  point  en- 
counters bone,  it  is  slightly  withdrawn  and  its  direction  changed;  some- 
times it  may  be  necessary  to  withdraw  entirely  and  try  another  puncture. 
There  is  slight  pain  when  the  dura  is  penetrated,  and  immediately  cerebro-spinal 
fluid  flows  from  the  needle.  When  the  fluid  flows  freely,  the  syringe  containing 
the  ansesthetizing  tablet  or  solution  is  attached  to  the  needle  and  the  anaesthetic 
dissolved  in  the  cerebro-spinal  fluid.  Special  care  should  be  taken  to  secure  a 
free  flow  of  cerebro-spinal  fluid  before  injecting  the  anaesthetic,  as  this  is  an  indi- 
cation that  the  needle  has  entered  freely  the  subdural  space.  One  should  also 
be  careful  not  to  change  the  position  of  the  needle  while  dissolving  the  ana^s- 


FiG.  111. — Patient  Lying  on  Right  Side  in  Position  of  Kj'phosis  and  Scoliosis,  showing  Point  of  Punct- 
ure (a)  in  Relation  to  the  Iliac  Crests,  which  are  Connected  by  the  Dotted  Line.      (After  Braun.) 


thetic  or  attaching  the  syringe.  The  anaesthetic  is  slowly  injected,  and  in  a  little 
while  the  needle  is  withdrawn  and  the  point  of  puncture  sealed.  The  patient 
is  now  placed  in  the  desired  position  for  operation,  and  the  preparation  of  the 
field  of  operation  is  completed  while  waiting  for  the  appearance  of  the  anaesthe- 
sia. Anaesthesia  appears,  as  a  rule,  in  about  ten  minutes,  and  its  commencement 
and  extent  can  be  tested  by  pricking  the  skin  with  the  point  of  a  needle.  Its 
duration  varies  from  half  an  hour  to  several  hours. 

Indications  and  Scope. — Undoubtedly  spinal  anaesthesia  has  a  useful  place 
in  surgery.  In  Europe  its  popularity  has  increased  much  more  rapidly  than  in 
this  country.  In  looking  over  the  reports  of  cases,  one  cannot  fail  to  note, 
however,  that  in  a  great  number  of  instances  it  might  be  replaced  by  the  simpler 
local  methods.  For  the  performance  of  circumcision,  the  ligation  of  veins  and 
the  various  operations  for  hydrocele,  and  for  such  simple  procedures  as  the 
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splitting  of  sman  fistul?e  or  the  removal  of  small  tumors,  it  certainly  is  better  to 
employ  local  anaesthesia  as  obtained  by  the  various  methods.     In  inguinal  hernia 


Fig.  112. — Direction  of  Xeedle  Entering 
the  Spinal  Subarachnoid  Space  Below  the 
Spine  of  the  Fourth  Lumbar  Vertebra. 
(After  Tuffier.) 


Fig.  113. — The  Dotted  Line  Connecting  the  Iliac  Crests 
Passes  through  the  Fourth  Lumbar  Spine.  (After 
Tuffier.) 


Cushing's  regional  procedure  is  too  satisfactory  to  need  to  be  replaced  by  spinal 
injection.  Most  of  the  amputations  possible  under  spinal  anaesthesia  can  be 
readily  done  by  local  means.  In  a  certain  class  of  cases  it  has  a  special  appli- 
cation.   In  old   and  debilitated  persons,  diabetics  and  drinkers,  where  local 


Fig.  114. — The  Arrow  Indicates  the  Direction  of  the  Needle  Introduced  1-li  cm.  from  the  Middle  Line 
and  so  Slanted  as  to  Reach  the  Dura  in  the  Middle  Line.     (After  Tuffier.) 


means  are  not  satisfactory  and  a  general  anaesthetic  is  perilous,  lumbar  anaes- 
thesia is  the  method  of  choice.     For  hemorrhoids  and  rectal  operations  it  has  a 
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special  advantage,  and  in  prostatectomy  in  the  aged  or  debilitated  it  seems 
to  have  its  best  application,  and  may  be  the  turning-point  between  success  and 
failure.  Also  in  certain  instances  where  it  may  be  desired  to  obtain  the  patient's 
consent  to  amputation  after  exploration,  spinal  anaesthesia  offers  a  good  solu- 
tion of  the  difficulty.  In  military  surgery  it  may  have  a  useful  field.  The 
general  impression  of  spinal  anaesthesia — placing  it  in  a  dangerous  light — has 
been  obtained  from  the  reports  of  cases  in  which  cocain  was  used.  With  the 
introduction  of  adrenalin,  this  danger  was  decreased;  and  with  theuseof  sto- 
vain  and  other  compounds  less  toxic  than  cocain,  spinal  anaesthesia  can  no 
longer  be  held  to  be  an  especially  dangerous  procedure. 


AMPUTATIONS  AND  DISARTICULATIONS. 

By  WILLIAM  L.  RODMAX,  M.D.,  LL.D., 
and  JOHX  STEWART  RODMAX,  M.D.,  Philadelphia.  Pa. 


HISTORICAL  NOTE. 

Amputations,  perhaps  the  oldest,  certainly  the  most  impressive  of  operations, 
were  practised  in  the  time  of  Hippocrates.  "The  Father  of  Medicine"  did  not 
WTite  much  of  this  class  of  operations,  though  it  is  kno'^ATi  that  he  employed  no 
particular  method  nor  followed  any  special  plan  except  that  of  cutting  through 
dead  tissue.  Celsus,  that  great  founder  of  the  Alexandrian  school,  was  in 
advance  of  his  time  in  this  as  in  other  surgical  procedures,  and  suggested  that 
a  circular  incision  be  made  between  the  dead  and  healthy  areas,  and  it  is  be- 
heved  that  he  practised  this  method.  This  Roman  surgeon  also  knew  of  and 
used  Ugatures  in  tjing  bleeding  vessels,  but  evidently  did  not  apply  them  to 
vessels  cut  in  amputating,  depending  upon  hot  irons  and  lint  to  check  the 
hemorrhage.  Galen,  who  followed  Celsus,  Uving  a.d.  131-200,  returned  to  the 
teachings  of  Hippocrates,  and  so  unfortunately  the  method  of  Celsus  was  aban- 
doned for  the  time.  Archigenes,  who  lived  in  Rome  before  Galen,  tied  vessels 
before  amputating  and  also  is  thought  to  have  used  some  form  of  tourniquet,  but 
he  too  failed  to  tie  vessels  severed  by  the  amputating  knife,  still  depending 
upon  hot  irons  for  haemostasis.  Practically  no  progress  was  made  from  this 
time,  the  second  century,  until  Ambroise  Pare,  in  the  sixteenth  centur}%  apphed 
ligatures  to  the  severed  vessels.  This  of  course  was  an  enormous  stride  in  ad- 
vance, and  from  this  period  amputations  were  more  successful  in  accompUshing 
their  purpose.  The  Spanish  windlass,  for  which  Morel  of  France  and  Young  of 
England  are  both  given  credit,  was  invented  and  put  into  use  during  the  seven- 
teenth century;  and  at  about  the  same  time  the  circular  method  of  amputating, 
originally  taught  by  Celsus,  was  reAnved  and  became  one  of  the  accepted  methods 
of  operating  from  that  period  onward.  Cheselden  and  Petit,  the  former  of 
England  and  the  latter  of  France,  .seemed  to  have  suggested  at  the  same  time, 
and  independently  of  each  other,  that  the  skin  with  the  suj^erficial  fascia  be 
di\'ided  at  a  different  level  from  the  underh-ing  soft  parts,  but  they  still  sawed 
through  the  bone  at  the  same  level  at  which  the  muscles  were  di\'ided.  To  Bell 
and  Key  belongs  the  credit  of  the  modern  circular  method,  they  ha\'ing  pro- 
posed it  during  the  latter  part  of  the  eighteenth  century.  In  1679  Lowdham 
of  Exeter,  England,  suggested,  and  Young  of  Ph'mouth  described,  the  first  flap 
operation.     To  Ravaton  of  France  belongs  the  credit  of  introducing  the  double- 
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flap  operation.  This  he  did  in  1739,  but,  some  years  before  this,  the  popular 
transfixion  method  of  cutting  musculo-cutaneous  flaps  had  been  used.  Liston 
and  Guthrie  of  England;  Dupuytren,  Roux,  and  Larrey  of  France;  and  Klein 
and  Langenbeck  of  Germany,  popularized  the  flap  operation.  Thus  we  have 
briefly  followed  the  evolution  of  the  circular  and  flap  operations,  which,  with 
their  various  modifications,  are  still  in  practice  to-day.  The  advent  of  asepsis 
has  materially  changed  the  indications  for  such  a  drastic  procedure  as  ampu- 
tation, just  as  the  discovery  of  anaesthetics  has  materially  lessened  the  element 
of  speed  which  was  so  necessary  in  the  past.  At  the  present  time  flaps  may  be 
dehberately  fashioned  to  suit  the  operator,  and  vessels  may  be  secured  and  ligated 
as  they  are  cut. 

GENERAL  CONSIDERATIONS. 

Indications. — It  is  very  difficult  to  dictate  hard  and  fast  rules  for  this  class 
of  operations,  especially  to  the  modern  surgeon.  It  must  be  largely  left  to  the 
judgment  of  the  operator,  and  he,  remembering  that  amputations  are  and 
should  be  the  "dernier  ressort,"  must  do  them  as  infrequently  as  possible, 
and  then,  with  rare  exceptions,  only  to  save  human  fife.  Even  in  modern  times 
many  a  person  has  needlessly  lost  what  might  have  made  a  useful  hmb,  through 
ignorance  or  unnecessary  haste  on  the  part  of  the  surgeon.  Generally  speaking, 
the  indications  for  amputation  can  be  divided  into:  (A)  those  dependent  upon 
traumatism,  and  (B)  those  independent  of  traumatism. 

(A)  Indications  Dependent  upon  Trauma. — Fortunately,  compound 
fractures  and  dislocations  rarely  call  for  amputation  at  the  present  day. 
For  this  we  are  indeed  thankful  when  we  remember  that  amputation  was 
the  rule  until  the  advent  of  Listerian  principles.  The  usual  injuries  requiring 
this  procedure  to-day  are  the  severe  railway  accidents  in  which  the  limb  has 
been  mangled,  the  bone  or  bones  comminuted,  and  the  soft  parts  lacerated.  It 
is  frequently  said  that  if  more  than  two  inches  of  bone  is  comminuted,  especially 
when  accompanied  by  laceration  and  tearing  of  the  soft  structures,  amputation 
should  be  the  rule.  If  the  main  artery  is  torn  so  as  to  make  its  repair  impos- 
sible, then  amputation  should  be  performed.  When  all  the  soft  parts  within  a 
certain  area  are  completely  devitahzed,  in  fact  reduced  to  a  pulp,  although 
the  bone  remains  intact,  amputation  will  be  necessary,  as  sloughing  of  the 
injured  parts  is  certain,  despite  rigid  asepsis.  Should  this  event  be  allowed 
to  occur,  the  danger  of  general  sepsis  will  be  great,  because  of  the  favorable  soil 
offered  to  infectious  micro-organisms. 

(B)  Indications  Independent  of  Trauma. — Under  this  heading  we  shall 
consider:  (a)  gangrene  in  its  various  forms;  (6)  malignant  growths;  (c)  per- 
forating ulceration,  which  spreads  sepsis;  (d)  cellulitis;  (e)  chronic  joint  dis- 
ease; and  (/)  malformations,  either  congenital  or  acquired. 
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(a)  Gangrene.— It  is  not  within  the  scope  of  this  chapter  to  describe  gangrene 
as  a  surgical  disease,  gi^'ing  its  causes,  symptoms,  and  cUnical  course,  but  rather 
to  refer  to  its  manifestations  as  an  indication  for  amputation.  (See  article  on 
Gangrene  m  Vol.  II.)  To  do  this  best  it  is  perhaps  well  to  state  that  gangrene 
may  be  di^^ded  into  the  following  four  varieties: 

1.  Symptomatic  gangrene,  or  that  in  which  traumatism  plays  but  a  minor 
part;  this  variety  being  again  subdi\idcd  into:  gangrene  from  embolus;  senile 
gangrene;  diabetic  gangrene :  Ra\Tiaud's  disease,  etc. 

2.  Traumatic  gangrene,  which  may  be  subdiAided  into:  direct,  depending 
upon  direct  \iolence  to  the  parts;  and  indirect,  depending  upon  indirect  ^iolence, 
or  where  the  lesion  involves  the  vessels  some  distance  above  the  spot  where 
gangrene  occurs. 

3.  Infective  gangrene,  depending  upon  the  invasion  of  infectious  micro- 
organisms, this  class  being  subdi^ided  into :  acute,  actively  spreading  gangrene ; 
hospital  gangrene,  practically  obsolete  at  the  present  day;  necrosis  of  bone ;  noma 
pudendi;   cancrum  oris;  carbuncles  and  perhaps  boils. 

4.  Thermic  gangrene — frost-bites:  bums.  (Vide  ^'ol.  II.)  (In  the  above 
we  have  followed  largely  the  classification  of  Rose  and  Carless.) . 

In  embolic  gangrene  it  is  well  to  maintain  rigid  asepsis  until  a  line  of  de- 
marcation between  dead  and  healthy  tissue  has  appeared,  and  then  to  amputate 
just  above  this  line.  If  sepsis  sets  in,  it  may  be  necessary  here,  as  in  other 
forms,  to  amputate  much  earlier  and  higher  than  if  asepsis  had  been  maintained. 

"WTien  the  surgeon  has  to  deal  with  senile  and  diabetic  gangrene  it  is  now  an 
accepted  principle  that  he  should  amputate  early  and  well  above  the  gangrenous 
process,  as  these  varieties  of  the  disease  are  prone  to  recur  in  amputation  flaps. 
In  gangrene  of  the  foot,  for  instance,  amputation  at  the  knee,  or  preferably  at 
the  lower  third  of  the  thigh,  should  be  practised  so  as  to  secure  well-nourished 
flaps.  Amputation  below  the  knee  generally  means  recurrence  of  the  gangrene 
in  the  flaps,  regardless  of  the  care  and  method  used  in  treating  these  parts,  and 
especially  is  this  true  if  the  wound  becomes  infected. 

If  the  case  be  one  of  indirect  traumatic  gangrene,  it  is  well  to  wait  for  the 
formation  of  a  hue  of  demarcation,  and  to  amput-ate  above  this  line  unless 
sepsis  has  already  set  in.  when  early  and  high  amputation  should  be  resorted 
to.  In  direct  traumatic  gangrene  an  effort  should  be  made  to  save  the  hmb ; 
but  if  this  is  clearly  impossible,  because  of  the  extent  of  the  injury  or  the  pres- 
ence of  infection,  immediate  amputation  should  be  done. 

Delay  is  most  dangerous  when  deahng  with  acute,  rapidly  spreading 
gangrene  of  the  infectious  type,  and  high  amputation  only  should  be  con- 
sidered. 

(6)  Malignant  growths  may  necessitate  amputation  when  they  involve  the 
bone,  soft  parts,  or  both,  of  a  hmb,  and  this  event  is  especially  Ukely  to  take 
place  when  the  tumor  has  an  unusual  tendency  to  rapid  growth  and  to  the 
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early  formation  of  metastases.  Of  the  tumors  belonging  to  this  category  epi- 
thelioma, carcinoma,  and  sarcoma  may  be  mentioned. 

(c)  Perforating  ulcer  occasionally  may  require  the  sacrifice  of  a  portion  of  a 
limb  owing  to  its  incurability  or  a  tendency  to  spreading  infection. 

{d)  Cellulitis,  on  account  of  the  danger  of  its  causing  general  septicsemia, 
should  be  mentioned  as  a  possible  indication  for  amputation ;  as  a  rule,  how- 
ever, it  should  respond  to  local  measures. 

(e)  Chronic  joint  disease,  rebelUous  to  other  less  drastic  measures,  may  call 
for  amputation. 

(/)  Malformation  and  deformities,  congenital  or  acquired,  may  be  relieved 
by  amputation,  although  this  course  should  be  left  to  the  patient's  desire. 


METHODS  OF  CONTROLLING  HEMORRHAGE. 


The  Tourniquet  and  Esmarch's  Bandage.— As  far  back  as  the  second  cen- 
tury Archigenes,  a  Roman,  was  known  to  have  used  a  variety  of  tourniquet, 
probably  a  simple  band  which  he  applied  around  the  leg  above  the  site  of  pro- 
posed amputation. 

In  the  seventeenth  century  Morel  introduced  the  Spanish  windlass,  and  in 
1702  Petit  gave  to  the  profession  the  screw  tourniquet,  which  has  been  used  either 
in  its  original  or  in  a  modified  form  ever  since.  (Fig.  1 15.) 
By  means  of  this  device  the  main  artery  of  a  limb  may 
be  compressed  while  the  superficial  circulation  is,  at  the 
same  time,  occluded.  At  a  somewhat  later  date  there 
was  instituted  a  mechanical  device  without  a  band,  and 
by  this  means  the  main  artery  was  compressed  without 
interfering  with  the  remainder  of  the  circulation.  In 
recent  years  hemorrhage  has  been  controlled  either  by 
Esmarch's  or  Lister's  method,  or  by  digital  compression. 
Esmarch's  rubber  bandage,  applied  by  direct  spirals 
without  reverses,  and  supplemented  by  his  elastic  tour- 
niquet, has  for  many  years  enjoyed  wide  popularity  as  a 
prophylactic  measure  to  prevent  hemorrhage.  (Fig.  116.) 
While  there  are  distinct  advantages  possessed  by  this 
method,  undoubtedly  there  are  certain  disadvantages. 
The  advantages  are  that  it  effectually  prevents  hemor- 
rhage during  the  operation,  saving  to  the  patient  even  the  amount  of  blood  that 
was  in  the  Hmb  prior  to  the  appUcation  of  the  rubber  bandage,  and  that  it  lends 
to  a  nervous  operator  a  certain  sense  of  security  while  operating.  Its  disad- 
vantages are  perhaps  as  weighty  and  are  certainly  more  immerous.  In  the  first 
place,  there  can  be  no  doubt  that  Esmarch's  bandage,  when  applied  to  septic 


FiQ.  115.— Petit's  Tour- 
niquet. S,  Screw  for  ad- 
justing degree  of  pressure; 
k,  bone  in  centre  of  limb; 
o,  artery ;  p,  unyielding  pad, 
by  means  of  which  pressure 
is  exerted  upon  the  artery. 
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limbs,  may  dislodge  blood-olots,  disseminate  infection,  and  thus  cause  both 
embolism  and  septicaemia.  In  the  second  place,  if  the  limb  to  be  amputated 
is  the  seat  of  maUgnant  disease,  there  is  the  danger  that  the  pressure  may  force 
malignant  particles  into  the  blood  stream,  causing  metastases  to  result. 
Other  disadvantages,  some  of  them  minor,  may 
be  urged  against  the  tourniquet  used  in  this 
method.  There  is  a  great  increase  in  the  capil- 
lary oozing  after  the  removal  of  the  apparatus, 
due  to  vasomotor  paralysis  caused  by  pressure. 
This  oozing  requires  that  considerable  time  be 
spent  in  checking  it  and  that  many  more  liga- 
tures be  used  than  would  otherwise  have  been 
necessary.  It  might  also  be  possible  that  the 
tourniquet  would  set  up  a  superficial  sloughing, 
which  of  course  would  retard  the  progress  of 
repair.  Further,  if  the  instrument  is  carelessly 
applied,  pressure  upon  nerves  as  well  as  blood- 
vessels may  cause  a  temporary  paralysis  of  the 
stump.  Moreover,  tourniquets  sometimes  sHp,  thus 
greatly  embarrassing  the  operator  and  endanger- 
ing the  life  of  the  patient.  Despite  the  objec- 
tions mentioned,  Esmarch's  bandage  and  tourni- 
quet are  still  popular  in  this  country  and  have  yielded  good  results 
apparatus  should  never  be  employed  in  septic  or  mahgnant  cases. 

Lister's  Method. — Lister's  method  has  proved  to  be  very  satisfactory  and 
has  to  a  degree  supplanted  Esmarch's  rubber  bandage.  According  to  this 
method  the  limb  should  be  elevated  and  stroked  from  extremity  to  base  (hip 
or  shoulder),  the  elevated  position  being  maintained  until  the  limb  becomes 
ansemic.  After  this  has  been  accomphshed,  a  rubber  tourniquet  is  appUed  to 
the  base  of  the  hmb.  Surely,  this  is  foUowmg  Esmarch's  principle,  but  it  will 
prove  less  dangerous  and  quite  as  efficient. 

Digital  Compression. — By  some  writers,  notably  Treves,  digital  compression 
is  warmly  advocated.  Its  advantages  are  that  direct  and  well-locahzed 
compression  is  appUed  to  the  principal  arter}'  alone,  the  venous  channels  be- 
ing left  to  drain  the  part  of  venous  blood ;  that  this  compression  need  not  be 
appUed  until  it  is  actually  required,  being  relaxed  instantlj'  when  desired;  and 
that  the  nerves  escape  compression,  thus  ob\'iating  all  danger  of  paralysis.  In 
carrjang  out  this  method,  however,  the  oj)erator  should  have  the  ser\'ices  of  an  as- 
sistant who  possesses  anatomical  knowledge  and  is  willing  to  devote  his  entire 
attention  to  this  part  of  the  procedure.  In  the  case  of  an  amputation  which 
requires  that  this  compression  be  kept  up  for  a  considerable  period,  two  or  more 
assistants   should   be    at  hand    to   relieve  each  other   in  this   duty.    Special 


Fig.  116.  — Esmarch's  Elastic 
Tourniquet.  (The  bandaging  of 
the  lower  part  of  the  limb  is  not 
shown.) 
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methods  of  preventing  hemorrhage,  such  as  are  used  in  individual  amputa- 
tions, like  those  of  Wyeth  and  Senn,  will  be  described  when  we  come  to  con- 
sider those  operations. 


THE  AMPUTATION  STUMP. 

To  secure  for  the  patient  a  serviceable  stump  is  a  duty  of  the  operator,  sec- 
ond only  to  that  of  saving  life.  To  be  serviceable  the  stump  must,  first,  be 
painless;  second,  it  must  be  able  to  stand  pressure,  especially  in  the  case  of  the 
lower  extremities — in  other  words,  the  cicatrix  should  he  to  one  side  of  the  sur- 
face pressed  upon;  third,  it  must  be  well  nourished,  and  the  skin  covering  it 
should  be  freely  movable;  and,  last,  it  should  be  of  good  shape. 

(a)  Freedom  from  Pain. — Painful  stumps  may  be  due  to  a  variety  of  causes, 
but  perhaps  the  most  common  is  pressure  upon  the  nerves  which  are  left 
long.  Dissection  of  these  stumps  often  shows  that  a  bulbous  enlargement 
has  taken  place  at  the  exposed  ends  of  these  nerves,  the  enlargement  being  due 
to  an  overgrowth  of  the  neurilemma  or  nerve  sheath.  To  these  growths  the 
name  of  false  neuromata,  or  "  amputation  neuromas,"  has  been  given.  Pain  due 
to  this  cause  should  be  obviated  by  cutting  nerves  high  up.  Overstretching  of 
the  skin,  which  can  easily  be  prevented  by  making  generous  cutaneous  flaps  and 
thus  allowing  for  retraction,  is  another  cause  of  painful  stumps.  When  the 
bone  or  bones  are  carelessly  sawTi,  spicula  are  often  left  behind  to  irritate 
the  surrounding  tissue,  thus  becoming  a  fertile  cause  of  pain  and  incapacity. 
Exostoses  growing  from  the  divided  ends  of  the  bones,  and  unequal  retrac- 
tion of  muscles  causing  traction  on  the  cicatrix,  are  other  causes  to  be  consid- 
ered. Finally,  if  no  tangible  cause  of  pain  be  present,  as  is  often  the  case,  the 
blame  may  be  laid  on  hysteria,  neuralgia,  or  rheumatism. 

(&)  Ability  to  Withstand  Pressm-e  and  Pressure-Stretching.— A  stump  inca- 
pable of  bearing  pressure  or  pressure-stretching,  without  pain  to  the  patient  or 
decided  interference  with  its  blood  supply,  would  be  worse  than  useless  and  a 
constant  source  of  annoyance.  To  possess  this  pressure-bearing  quahty  the 
stump  must  be  firm,  free  from  all  the  conditions  mentioned  above  as  causing 
painful  stumps,  with  abundant  blood  supply  and  with  the  cicatrix  so  placed 
that  it  escapes  all  or  the  greater  part  of  the  pressure.  Treves  divides  cica- 
trices into:  "(1)  Terminal,  when  the  scar  occupies  the  actual  extremity  of  the 
stump.  (2)  Lateral,  when  it  occupies  one  or  more  of  the  sides  of  the  stump  or 
parts  of  its  circumference — as,  for  example,  when  the  wound  is  placed  upon  the 
anterior,  posterior,  or  internal  surface  of  the  limb.  (3)  Termino-lateral,  when 
a  terminal  cicatrix  is  prolonged  on  to  one  or  more  sides  of  a  stump." 

A  terminal  cicatrix  in  a  stump  of  the  lower  extremity  would  necessarily  be 
called  upon  to  withstand  much  more  pressure  than  the  same  variety  of  cicatrix 
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situated  in  a  stump  of  the  upper  extremity.  It  will  therefore  be  necessary 
for  the  operator — if  the  lower  extremity  be  the  part  that  needs  to  be  am- 
putated— to  select  a  method  of  operating  that  will  not  yield  a  terminal  cicatrix. 
This  does  not  hold  true  of  the  upper  extremity,  however,  as  here  no  pressure 
to  speak  of  is  brought  upon  a  terminal  cicatrix.  In  fact,  in  the  movements  of 
an  artificial  arm  a  lateral  cicatrix  would  be  pinched  and  pressed  far  more  than 
a  terminal  one  under  the  same  conditions.  Therefore  a  cicatrix  in  the  latter 
position  is  to  be  preferred. 

(c)  A  Serviceable  Stump. — We  stated  that  for  a  stump  to  be  serviceable, 
it  should  be  well  nourished  and  the  skin  covering  it  freely  movable.  In 
order  to  satisfy  this  prerequisite  the  operator  should  be  careful  to  preser\'e  the 
larger  arteries  that  supply  the  stump,  in  so  far  as  this  is  possible.  Cutaneous 
flaps  should  be  cut  long,  the  operator  remembering  that  normal  skin  retracts 
one-third  of  its  length  and  also  that  a^dematous  skin  is  incapable  of  retrac- 
tion. A  periosteal  covering  of  the  sawn  ends  of  bones,  especially  when  con- 
nected with  nomial  overlying  tissue,  is  the  best  kind  of  flap. 

(d)  A  Well-shaped  Stump. — A  good  stump  should  be  of  proper  shape.  By 
this  we  mean  that  it  should  be  rounded  and  well-cushioned.  Therefore  the 
operator,  while  remembering  that  a  skin  flap  normally  retracts  one-third  or 
more  of  its  length,  should  also  bear  in  mind  that  muscles  retract  unequally  ac- 
cording to  their  variety  and  attachment.  For  instance,  muscles  that  are 
free  from  their  origin  to  their  insertion  and  are  narrow,  like  the  sartorius,  con- 
tract to  a  much  greater  extent  than  do  broad,  widely  attached  ones  like  the  bra- 
chialis  anticus.  Bones  should  be  sawn  correspondingly  high  to  prevent  subse- 
quent protrusion  due  to  future  growth,  an  increase  quite  usual  in  young  subjects. 
Therefore,  a  good  stump  should  be:  1st,  without  pain;  2d,  capable  of  with- 
standing pressure;  3d,  well  nourished  and  covered  with  freely  movable  skin; 
and  4th,  of  good  form. 

There  is  a  form  of  bad  stump  that  occurs  so  frequently  as  to  merit  de- 
scription— namely,  the  conical  stump — a  stump  having  the  shape  of  a  cone, 
due  to  the  projection  of  the  end  of  the  bone,  or  to  the  retraction  of  the 
skin  and  muscles,  or  to  both.  Tlie  end  of  the  bone  is  the  apex  of  the  cone, 
and  often  becomes  necrosed.  A  stump  ma}'  be  conical  from  the  beginning  or 
may  become  so  afterward.  \Mien  it  is  conical  at  first,  it  may  be  assumed  that 
the  bone  has  been  dixided  too  low  down  or  that  the  soft  parts  have  been  cut  too 
short.  These  concUtions  can  be  avoided,  and  should  be  in  every  case;  but,  no 
matter  how  skilled  the  operator  may  be,  it  vdU  not  always  be  possible  to  pre- 
vent a  stump  from  l^ecoming  conical.  Conicity  may  result  because  of:  (a) 
Unusual  secondary  contraction  of  the  muscles;  (b)  Loss  of  tissue  by  sloughing 
or  suppuration;  (c)  Subsequent  growth  of  the  bone. 

This  latter  cause  of  conicity  applies  especially  to  young  subjects,  although, 
as  a  rule,  the  epiphysis  of  the  stump,  after  functional  stimulus  has  been  removed, 
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fails  to  develop  like  its  fellow  of  the  opposite  side.  There  are,  however,  ex- 
ceptions in  which  the  epiphysis  continues  to  develop,  and  in  these  cases  there 
is  eventually  painful  projection  of  the  end  of  the  bone.  This  is  likely  to  take 
place  in  amputation  through  the  humerus  and  the  femur. 


METHODS  OF  AMPUTATING. 

There  are  various  methods,  as,  for  example; 

1.  Circular. 

2.  Modified  Circular. 

3.  Elliptical. 

4.  Racquet  or  Oval. 

5.  The  Method  in  which  Several  Flaps  are  Employed. 

1.  Circular  Method.  (Figs.  125  and  12G.) — The  circular  method  is  the  oldest 
as  well  as  the  simplest,  and  is,  perhaps,  the  one  most  frequently  employed.  A 
circular  incision  dividing  skin  and  superficial  fascia  is  made,  according  to  the 
degree  of  retraction,  at  a  point  not  less  than  one-fourth  of  the  circumference  of 
the  limb  below  where  the  bone  is  to  be  sawn.  The  operator  should  stand  to 
the  right-hand  side  of  the  limb  to  be  amputated,  the  assistant  to  the  left.  The 
latter  should  put  the  skin  on  the  stretch,  in  which  manipulation  the  operator 
may  help  with  his  left  hand.  The  surgeon,  holding  the  amjjutating  knife  firmly 
with  the  right  hand,  commences  his  incision  from  within  outward,  using,  on  the 
dorsal  aspect  of  the  limb,  the  heel  of  the  blade  first  and  carrying  the  incision 
round  the  limb  firmly  and  evenly,  with  only  sufficient  pressure  to  divide  the 
skin  and  superficial  fascia.  These  tissues  should  now  be  allowed  to  retract,  it 
not  being  necessary  in  all  instances  to  separate  them  from  the  underlying  parts. 
In  a  like  manner  the  superficial  muscles  should  be  divided,  and  they  in  turn 
allowed  to  retract.  At  a  still  higher  level  the  deep  muscles  are  divided  and  re- 
tracted. Now  the  periosteum  may  be  separated  from  the  bone,  dissected  up  to 
the  highest  level  of  muscle  division,  and  there  the  bone  should  be  sawn 
through.  Cutting  the  nerves,  ligating  the  vessels,  etc.,  complete  the  procedure 
of  severing  the  limb. 

It  should  be  remembered  that  the  cicatrix  will  be  terminal.  This  method 
is  especially  applicable  where  there  is  one  bone  well  surrountled  on  all  sitles 
by  muscles,  as  in  the  thigh  or  arm.  Where  the  subcutaneous  tissue  is  scanty 
and  therefore  the  skin  is  close  to  the  bone,  as  at  the  wrist,  it  will  be  found 
advisable  to  make  a  skin  cuff  which  can  be  turned  back  and  the  underlying  tissue 
severed  with  one  circular  sweep.  This  is  not  as  desirable  as  the  circular 
method  just  described,  as  more  damage  is  done  to  the  tissues  and  undoubtedly 
there  is  the  possibility  of  interfering  with  the  blood  supply.  These  two  varieties 
of  the  circular  method  may  be  combined  to  obviate  the  results  of  contraction  of 
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the  skin  in  certain  parts  of  a  limb.  The  cuff  method  is  limited  by  many 
to  amputations  through  the  lower  third  of  the  forearm  and  leg  and  at  the 
\sTist. 

2.  The  Modified  Circular  Method. — The  usual  manner  of  modifjdng  the  cir- 
cular method  is  to  join  to  the  circular  incision  a  vertical  one,  either  on  the 
anterior  dorsal  or  lateral  a^jDect  of  the  Umb.  The  only  advantage  in  so  doing 
is  to  loosen  the  skin  so  that  it  may  be  dissected  up  in  flaps.  It  will  be  well  here 
to  mention  Syme's  amputation,  or  rather  Liston's.  Liston  made  two  semi- 
lunar incisions  and  dissected  up  the  skin  to  the  point  where  these  two  mcisions 
joined.  Syme  sUghtly  modified  this  method  by  prolonging  the  dissection  of  the 
skin  past  the  point  where  the  two  incisions  met.  He  used  this  method  ex- 
tensively and  it  consequently  became  kno\Mi  as  Syme's  amputation  instead  of 
Liston's. 

3.  The  Elliptical  Method. — Although  considered  a  distinct  method,  the  eUip- 
tical  is  really  a  modification  of  the  circular  method.  An  elliptical  skin  incision  (to 
allow  for  unequal  retraction)  is  made,  and  a  cuff  turned  up.  The  muscles  are 
divided  as  in  the  circular  method.  It  is  claimed  by  the  EngUsh  that  Sharpe,  of 
Guy's  Hospital,  wa^  the  originator  of  this  method,  but  the  French  attribute  it 
to  Souppart.  It  is  well  illustrated  by  the  elhptical  disarticulation  at  the  elbow 
and  by  Guyon's  supramalleolar  amputation. 

4.  The  Oval  or  Racquet  Method.  (Fig.  120.)— This  method  is  particularly 
appUcable  to  disarticulations  at  small  joints,  such  as  the  metatarso-phalangeal. 
Credit  for  it  is  due  to  Scoutetten,  who  introduced  the  oval  method  in  1827. 
The  incision  is  oval  with  one  end  somewhat  pointed,  so  that  the  wound  is  closed 
in  its  vertical  axis. 

Malgaigne,  in  1837,  in  order  better  to  expose  the  joint,  prolonged  or  rather 
added  to  the  apex  of  the  oval  a  dorsal  incision.  Hence  the  term  "racquet "  in- 
cision, the  oval  being  the  racquet. itself,  while  the  dorsal  incision  is  the  handle. 
WTiile  this  incision  is  especially  well  adapted  to  amputations  through  the  smaller 
joints,  there  are  certain  disarticulations,  namely,  at  the  shoulder  and  hip,  where 
it  is  also  employed. 

5.  The  Various  Flap  Methods.— Flaps  may  be  di\-ided  into: 

(A)  Cutaneous,  including  sujjerficial  fascia  and  skin. 

(B)  Musculo-cutaneous. 

(C)  Periosteal. 

As  to  which  is  the  superior — the  musculo-cutaneous  or  the  cutaneous — 
it  is  difficult  to  judge,  since  they  have  j-ielded  equally  good  results  and  since 
each  has  its  own  indications. 

Flaps  may  be  fashioned  either  by: 

(a)  Transfixion  and  cutting  outward. 

(6)  By  cutting  from  without  inward. 

(c)  By  dissection. 
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Transfixion.  (Fig.  129.) — It  is  in  this  method  of  cutting  flaps  that  the 
older  surgeons  excelled.  The  surgeon  stands  at  the  right-hand  side  of  the 
Umb  to  be  amputated,  introduces  the  point  of  his  knife  in  the  lateral  aspect  of 
the  hmb  opposite  the  point  where  the  bone  is  to  be  sawn,  and  pushes  the  blade 
through  the  tissues  anterior  to  the  bone,  raising  the  handle  slightly  to  allow  the  tip 
of  the  blade  to  emerge  at  a  point  directly  opposite  that  of  entrance.  With  a 
gentle  sawing  motion  in  an  oblique  direction  the  blade  is  carried  through  the 
soft  parts  until  the  first  flap  is  cut.  This  being  retracted,  the  point  of  the  blade 
is  again  introduced  at  the  same  place  as  before  and  pushed  behind  the  bone, 
the  handle  being  depressed  so  as  to  make  the  incision  connect  with  the  internal 
incision.  In  like  manner  the  posterior  flap  is  cut  a  little  longer  than  the  an- 
terior. This  too  is  retracted  by  an  assistant,  the  remaining  soft  parts  are  di- 
vided, and  the  bone  is  sawn.  After  the  blood-vessels  have  been  tied,  and 
nerves,  tendons,  etc.,  suitably  cut,  the  procedure  is  finished. 

Making  Flaps  by  Cutting  from  Without  Inward  and  by  Dissection. — 
In  these  methods  the  skin  incision  is  outhned  with  a  small  knife  and  then 
the  soft  parts  are  divided.  The  manner  in  which  the  scalpel  is  held,  while  this 
manipulation  is  being  carried  out,  is  important.  Its  edge  should  be  directed  tow- 
ard, instead  of  away  from,  the  bones,  so  as  to  avoid  unnecessary  interference 
with  the  blood  supply  of  the  integuments.  When  the  flaps  are  to  be  cut  from 
within  outward  and  dissected  up,  as  in  the  method  "  par  desossement,"  the  skin 
is  allowed  to  retract.  Flaps  may  be  single  or  double.  If  the  flap  is  to  be 
single,  after  the  original  idea  of  Lowdham,  the  entire  flap  tissue  is  taken 
from  one  surface  of  the  limb.  This  kind  of  flap  is  used  where  the  tissue 
of  one  aspect  is  either  destroyed  or  diseased,  while  that  of  the  opposing 
aspect  is  healthy.  More  commonly  used  than  the  single  flap  are  the  double 
flaps,  originally  suggested  by  Ravaton,  but  since  modified  indefinitely  and  need- 
lessly by  many  operators.  The  most  important  of  these  modifications  will  be 
treated  in  detail  when  the  operations  with  which  they  are  concerned  are  de- 
scribed. In  general,  it  may  be  said  that  flaps  which  are  rounded  at  the  ends, 
or  V-shaped,  fit  better  and  result  in  more  satisfactory  stumps  than  those  which 
are  square. 

The  Choice  of  a  Method. — In  choosing  the  best  method  for  any  given 
case  the  surgeon  must  use  his  judgment,  based  upon  a  sound  knowledge  of  the 
principles  underlying  amputation.  He  should  remember  that  the  day  for 
dramatic  surgery  has  passed,  and  with  it  the  ''brilhant"  amputation.  It 
is  of  primary  importance  to  save  all  tissue  practicable,  to  provide  as  small 
a  wound  area  as  is  consistent  with  propriety,  to  provide  healthy  and  well- 
nourished  flaps,  to  expose  the  bone  only  at  the  proposed  saw-Une  and 
and  to  cover  it  efficiently  with  the  soft  parts.  The  main  vessels  should  be  cut 
transversely.  Simplicity  of  method  is  desirable  inasmuch  as  it  insures  the 
speedy  completion  of  the  operation,  which   is   oftentimes  a  necessity.    The 
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cicatrix,  as  stated  before,  should  be  well  adjusted  and  made  as  free  from  press- 
ure as  possible,  and  good  drainage  should  be  provided  for  the  wound.  Other 
things  being  equal,  the  circular  method  \N'ill  yield  a  smaUer  wound  area  than 
any  of  its  modifications  or  any  of  the  various  flap  methods.  It  is  also  simple 
in  technique  and  hence  readily  performed,  but  there  is  more  chance  of  a  conical 
stump  from  this  circular  method,  if  used  injudiciously,  than  from  any  other, 
because  the  skin  and  muscles,  for  reasons  already  mentioned,  may  retract  too 
greatly  and  unequally.  The  elliptical  and  oval  methods  are  well  adapted  to 
the  special  amputations  in  which  they  are  used.  The  flap  methods  and  their 
indications  have  already  been  given.     (Page  271.) 


INSTROIENTS  AND  OTHER  AGENTS  NEEDED  FOR  AMPLTATION. 

It  will  be  necessary  to  have  at  hand : 

1.  Agents  for  controlling  hemorrhage. 

2.  Instruments  for  the  cutting  and  subsequent  trimming  of  the  soft  parts. 

3.  Agents  for  the  proper  coaptation  of  the  flaps. 

4.  Agents  for  the  support  of  the  stump. 

1.  Agents  for  Controlling  Hemorrhage.— The  prophylactic  control  of  hemor- 
rhage has  already  been  discussed.  For  the  control  of  the  bleeding  during  the 
operation  hsemostatic  artery  forceps  and  ligatures,  either  of  catgut,  of  Pagen- 
stecher's  celluloid  thread,  or  of  fine  silk,  ^^^ll  be  required.  After  the  soft  parts 
are  di^'ided,  the  bone  sawn  through,  and  the  main  vessels  hgated,  an  assistant 
should  carefully  loosen  the  tourniquet.  As  this  is  done  the  smaller  vessels  will 
bleed  and  it  vaW  he  an  easy  matter  for  the  surgeon  or  his  assistant  to  clamp  these 
vessels  and  ligate  them.  Torsion  may  be  appUed  to  vessels  which  are  not  suffi- 
ciently large  to  warrant  hgation.  If  oozing  continues,  the  appUcation  of  very 
hot  water  will  be  foimd  sufficient  to  check  it.  If  there  be  oozing  from  the 
di\-ided  end  of  the  bone,  hot  wet  gauze  pressed  upon  it  should  check  the  oozing. 
Ice  may  be  used  for  this  purpose  instead  of  the  gauze.  Some  authors  state 
that,  should  pressiu-e  fail  to  check  this  oozing,  "the  sharpened  edge  of  a  wooden 
match''  may  be  used  as  a  plug.  "This  plug,"  ^\Tites  Treves,  "wliich  so  many 
authors  allude  to,  is  probably  intended  to  be  no  more  than  a  picturesque  example 
of  fertihty  of  resource."  A  much  better  plan  and  more  in  keeping  with  aseptic 
surgery  is  to  plug  the  opening  with  Horsley's  antiseptic  wax,  so  often  made  use 
of  in  trephining,  or  perhaps  with  catgut. 

2.  Instruments  for  the  Actual  Cutting  and  Subsequent  Trimming  of  the  Soft 
Parts. — The  following  instruments  should  be  at  hand  for  the  proper  perform- 
ance of  an  amputation :  amputating  knives  and  scalpels,  saws,  periosteal  ele- 
vator, retractors,  rongeur  forceps,  hon-jaw  forceps,  scissors,  dissecting  forceps, 
and  tenacula. 
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Amputating  Knives  and  Scalpels. — The  old  amputating  knife,  one  with 
a  very  long,  pointed  blade  and  a  short  handle,  is  now  thought  by  many  to  be  a 
very  objectionable  instrument,  and  has  been  practically  discarded.  In  its  place 
one  with  a  much  shorter  and  less  tapering  blade  and  a  stout  handle  is  used 
(Fig,  117).  The  catlin  knife,  double-edged,  was  formerly  thought 
to  be  necessary  when  dividing  interosseous  soft  parts,  but  its 
use  has  largely  been  dispensed  with.  The  amputating  knife, 
according  to  Bryant,  should  be  equal  in  length  to  one  and 
one-half  times  the  diameter  of  the  limb  to  be  amputated. 
Scalpels  will  be  necessary  for  dissecting  up  flaps  and  for  di- 
viding nerves,  tendons,  and  soft  parts;  and  in  fact,  with  two  or 
three  large-sized  scalpels,  the  entire  division  of  the  soft  parts 
may  be  accomplished.  Therefore  no  operator  should  feel 
that  it  will  be  impossible  for  him  to  amputate  without  an 
amputating  knife,  for  a  scalpel  is  often  adequate  for  the 
purpose. 

Saws. — Several  different  varieties  may  be  used ;  namely, 
the  ordinary  broad-bladed  saw,  a  bow-backed  saw.  Butcher's 
bone  saw,  a  GigH  saw,  and  a  lifting-back  saw.  The  first  two 
are  the  ones  generally  used  and  in  most  cases  they  will  be 
sufficient.  They  should  have  fine  short  teeth.  Butcher's 
saw  will  be  of  service  in  excisions,  the  Gigli  and  hf ting-back 
saws  in  severing  small  bones  and  spicula  of  bone. 

Rongeur  forceps  and  Liston's  bone-cutting  forceps  may 
be  employed  in  smoothing  the  ends  of  the  bones,  but 
should  not  be  used  in  severing  them,  as  necrosis  is  often 
caused  thereby. 

Lion-jaw  forceps  may  be  required  to  steady  the  bone  while  sawing  it  or  to 
remove  large  fragments. 

The  use  of  the  other  instruments  mentioned  calls  for  no  special  comment. 
3.  Agents  for  the  Coaptation  of  Flaps  and  for  Drainage. — Needles,  vari- 
ously curved,  threaded  with  catgut — if  any  subcutaneous  stitching  is  to  be  done 
— should  be  at  hand.  For  cutaneous  suturing,  straight  needles,  threaded  with 
silkworm  gut  or  horsehair,  may  be  employed.  A  good  way  is,  first  to  use  a 
ceitain  number  of  silkworm-gut  relaxation  sutures,  and  then  to  bring  neatly 
together  the  edges  of  the  skin  with  a  ^'buttonhole  stitch"  of  horsehair. 

Drainage. — "  When  in  doubt,  drain,"  has  become  a  surgical  tenet.  With  bet- 
ter and  more  frequent  drainage,  results  have  improved.  It  is  safe  to  make  use 
of  drainage,  as  a  routine  procedure,  in  all  of  the  larger  amputations,  as  those  of 
the  arm,  forearm,  thigh,  and  leg,  because  the  wound  area  is  large  and  there  will 
be  a  certain  amount  of  oozing.  WTien  amputating  for  local  disease  it  is  well 
to  drain,  since  sinuses  may  be  opened,  and  a  risk  is  taken  if  the  wound  be  too 


Fig.  117. —  Long 
Amputating  Knives 
of  Two  Sizes. 
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tightly  closed,  ^'arious  forms  of  drainage  are  used — as,  for  example,  rubber 
tubing,  cigarette  drainage,  and  gauze  drainage.  If  there  be  no  discharge  but 
serum,  then  cigarette  or  gauze  dramage  at  a  suitable  part  of  the  wound  should 
prove  sufficient.  However,  if  actual  suppuration  is  in  progress  or  is  feared, 
rubber  tubing  should  be  employed.  WTiere  a  large  dead  space  remains,  into 
which  hemorrhage  must  occur,  tube  drainage  for  from  twenty-four  to  forty-eight 
hours  is  usuaU}'  the  best. 

Dressing  the  Stump — A  boun'tifid  supply  of  sterile  gauze,  either  wet  or 
dry,  usually  the  latter,  should  be  apphed.  Over  this  may  be  placed  absorb- 
ent cotton,  and  both  gauze  and  cotton  covered  by  a  layer  of  non-absorbent 
material.  The  stump  should,  be  supported  on  a  well-padded  splint,  to  wliich  it 
should  be  secured  by  a  carefully  apphed  bandage.  TMiile  the  patient  is  in  bed 
the  stump  should  be  kept  in  as  comfortable  a  position  as  possible  and  at  a 
somewhat  higher  level  than  the  rest  of  the  body,  pillows  being  used  for  the  pur- 
pose. This  position  is  not  only  more  comfortable  for  the  patient,  but  also 
facihtates  the  return  of  the  venous  blood  from  the  extremity  of  the  stump.  Mus- 
cle contraction  is  also  much  lessened  by  the  splint,  thus  contributing  to  freedom 
from  pain.  Without  a  weU-padded  splint,  spasm  of  the  muscles  is  sometimes 
severe,  necessitating  the  use  of  morphine. 

Maimer  of  Using  the  Amputating  Knife.— As  has  been  said  before,  this  in- 
strument may  be  dangerous,  so  that  care  in  its  use  is  necessary.  If  the  circular 
method  is  to  be  adopted,  the  operator,  if  standing  to  the  left*  of  the  patient, 
should  grasp  the  handle  of  the  knife  between  the  thumb  and  forefinger  of  the 
right  hand.  (Fig.  128.)  He  should  place  the  left  hand  just  below  the  site  of  the 
incision,  and  now  stooping  shghtly  he  should  begin  his  incision  on  the  upper  and 
inner  surface  of  the  limb,  carrymg  the  blade  toward  himself  with  a  gentle  sawing 
motion.  The  incision  can  be  carried  in  this  manner  entirely  around  the  limb, 
the  operator  rising  to  an  erect  position  as  it  advances  over  the  upper  surface,  to 
meet  the  point  of  commencement.  The  procedure  may  be  reversed,  a  start 
being  made  from  the  upper  and  outer  surface  and  the  incision  continuing  aroimd 
the  hmb;  but  this  is  not  so  desirable,  as  thus  the  blood  to  a  certain  extent 
-will  obscure  the  hne  of  amputation.  If  a  skin  cuff  is  to  be  dissected  up,  the 
middle  portion  of  the  blade  should  be  used,  and  not  the  point,  on  account  of 
the  danger  of  buttonholing.  Several  scalpels  should  be  at  hand  for  use  in 
dissecting  up  flaps,  etc.  Tendons  and  nerves  should  be  put  on  the  stretch  and 
di^dded  high  up.  It  is  well  to  sew  ojDen  tendon  sheaths,  thus  closing  them  and 
preventmg  the  possibihty  of  infection  spreading  through  these  channels.  For- 
merly a  double-edged  knife  was  used  for  dividing  the  interosseous  soft  parts,  as 
in  amputations  of  the  forearm  or  leg,  but  at  the  present  day  it  is  not  consid- 
ered necessary,  as  a  single-bladed  knife  may  accomplish  the  same  piu-pose.  It 
should  be  remembered,  however,  when  these  interosseous  structures  are  l)eing 
divided  with  a  smgle-bladed  knife,  that,  if  it  be  desu-ed  to  change  the  direction 
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of  the  cutting  edge,  the  blade  should  be  withdraAvn  and  reintroduced  rather 
than  turned,  for  in  turning  it  there  is  an  unnecessary  bruising  of  the  tissues. 
Before  making  the  incision  the  operator  should  at  least  mentally  rehearse  the 
method  he  is  about  to  practise,  even  marking  the  flaps  with  crayon  if  neces- 
sary, for,  although  it  is  no  disgrace  to  trim  flaps  after  they  are  cut,  it  is  more 
satisfactory  to  have  the  first  incision  final. 

The  Use  of  the  Saw. — Here,  too,  the  operator  should  be  careful,  since  from 
improper  sawing  of  the  bone  necrosis  has  occurred.  The  bone  should  not  be 
exposed  above  the  saw-hne.  The  saw  should  have  fine  teeth,  which  should  be 
sharp.  Beginning  at  the  heel  of  the  saw,  long,  even  strokes  should  be  used  in 
dividing  the  bone.  An  assistant  should  hold  the  limb  at  right  angles  to  the  saw 
and  should  keep  it  as  steady  as  possible.  When  the  bone  is  almost  sawn 
through,  care  should  be  taken  lest  the  saw  be  clamped.  If  the  direction  of  the 
stroke  is  somewhat  changed  and  if  its  length  and  vigor  are  lessened,  the  danger 
of  tliis  happening  will  be  reduced  to  a  minimum.  WTien  two  bones  are  to  be 
sawn  through,  the  larger  and  more  fixed  one  should  be  attacked  first,  and 
then  the  smaller  and  more  movable  one  should  be  included  in  the  sweep  of 
the  saw,  care  being  exercised  to  sever  them  simultaneously  or  the  smaller  bone 
first.     If  this  is  not  done,  splintering  may  occur. 

Site  of  Amputation.— " \^Tiere  shall  I  amputate  this  limb?"  will  always  be 
a  serious  question  for  the  surgeon  to  answer  satisfactorily  to  himself.  No  hard 
and  fast  rules  can  be  given  to  aid  one  in  reaching  the  decision.  Different  con- 
ditions will  demand  different  procedures.  "While  it  should  be  one  of  the  chief 
objects  of  the  operator  to  save  as  much  tissue  as  practicable,  his  first  duty  is  to 
save  the  patient's  life  and  at  the  same  time  achieve  the  best  practical  results. 
In  railway  crushes,  machinery  accidents,  etc.,  the  tissues  are  generally  bruised 
higher  than  is  apparent,  and  this  fact  should  be  borne  in  mind  in  amputating 
for  these  conditions.  Unless  one  amputates,  in  injuries  of  this  nature,  at  a 
higher  level  than  seems  to  be  necessary,  sloughing  of  the  flaps  will  finally  occur, 
making  reamputation  necessary.  Amputation  for  gangrene  has  already  been 
referred  to  in  the  section  relating  to  indications  for  amputations.     (Page  265.) 


AMPUTATION  IN  SHOCK. 

Amputations  are  commonly  divided  into  immediate,  primary,  and  secondary. 
An  immediate  amputation  is  one  performed  within  six  hours  of  the  acci- 
dent; a  primary,  when  the  operation  is  done  within  the  first  forty-eight  hours; 
and  a  secondary,  when  it  is  done  after  the  lapse  of  forty-eight  hours. 

Immediate  amputation  will  necessarily  often  be  done  in  shock.  Only  gen- 
eral rules  can  be  laid  down  for  the  guidance  of  the  surgeon's  action;  and  he 
who  expects  to  treat  every  case  according  to  hard  and  fast  rules  of  action, 
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must  be  frequently  disappointed.  Shock,  perhaps  more  than  any  condition 
encountered  by  the  surgeon,  wiU  vary  with  the  age,  temperament,  and  gen- 
eral health  of  the  patient,  the  nature  of  the  \'iolence  inflicted,  the  presence 
or  absence  of  pain,  hemorrhage,  etc.  The  rule  generally  followed  by  mod- 
em surgeons  is  to  wait  for  reaction  before  amputating,  for  it  is  argued  that 
the  shock  of  the  operation  is  an  additional  burden  put  upon  the  patient  at 
a  time  when  he  is  least  able  to  bear  it.  ^liile  surgical  sentiment  is  so  nearly 
unanimous  on  this  point,  it  is  equaU}-  decided  in  regard  to  another,  viz.,  that 
in  a  condition  of  profound  shock,  where  it  is  beheved  that  a  mangled  limb  is 
keeping  up  and  deepening  this  condition  because  of  pain  or  loss  of  blood  which 
cannot  be  well  controlled,  amputation  should  at  once  be  done  regardless  of 
shock,  whether  it  be  mild  or  severe,  provided,  of  course,  that  the  patient's 
condition  justifies  the  behef  that  he  will  survive  the  operation.  Nothing  is 
better  established  than  the  fact  that  shock  may  not  only  be  perpetuated,  but 
increased,  by  the  presence  of  a  mangled  hmb — one  in  which  there  is  not  only 
fracture  of  the  bone,  but  extensive  laceration  of  the  soft  parts.  The  special 
gravity  of  shock  from  railway  accidents  is  often  as  much  due  to  the  mental 
terror  which  they  cause  as  to  the  physical  injurj^  inflicted.  Tlie  mental  and 
physical  shock  combined  render  these  injuries  the  severest  of  all.  In  railway 
surger}-,  he  who  ignores  reaction  and  amputates  in  shock  \Nill  often  give  his 
patient  the  best  chance  for  life. 

Ether  is  to  be  preferred  to  chloroform  for  operation  in  shock.  It  is  a 
cardiac  stimulant,  while  chloroform  is  a  depressant.  If  the  puke  improves  in 
quaUty — coming  up  in  volume  and  strength  and  diminishing  in  frequenc}'  in 
commencing  ana?sthesia — it  is  a  most  favorable  omen,  and  should  justify  the 
surgeon  in  his  determination  to  operate.  If,  on  the  contrary,  the  pulse  does 
not  improve  or  perhaps  becomes  weaker,  one  can  beheve  that  the  shock 
may  be  dependent  more  upon  some  \Tsceral  injury  than  upon  the  condition  of 
the  limb.  The  propriety  of  amputating  in  the  case  of  a  patient  sufTering  from 
severe  internal  injuries  is  questionable.  The  state  of  the  body  temperature 
should  be  given,  in  practice,  the  attention  to  which  its  importance  enti- 
tles it.  Wagstaff,  who  more  than  any  one  else  has  made  a  study  of  tem- 
perature in  shock,  has  deduced  the  rule  that  no  capital  operation  should 
be  performed  when  the  axillary  temperatiu-e  is  less  than  96°  F.  However, 
patients  with  a  temperatm-e  below  96°  F.  have  occasionaUy  recovered  after 
operation,  though  such  instances  are  rare.  One  of  the  chief  arguments  favor- 
able to  amputation  in  shock  is  the  large  mortahty  attending  intermediary 
amputation.  T\Tiile  many  deny  that  there  is  such  a  condition  as  delayed  shock, 
it  does  sometimes  occur;  usually,  however,  delayed  shock  is  due  to  concealed 
hemorrhage.  In  military  surgery  it  is  better  to  operate  as  quickly  as  possible, 
owing  to  the  fact  that  the  patient  is  more  or  less  sustained  by  excitement.  Wise- 
man, Sergeant  Surgeon  to  Charles  II.,  said,  "If  you  operate,  do  so  while  the  sol- 
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dier  is  in  heat  and  mettle";  and  Ambroise  Pare  said,  ''Operate  in  sight  of  the 
battle-field."  The  additional  depression  inflicted  by  operating  on  one  already 
in  shock  has  probably  been  greatly  exaggerated.-  The  nervous  system,  under 
these  conditions,  is  in  such  a  state  as  not  to  be  readily  impressionable  to  further 
shock,  and  we  believe  that  an  amputation  may  add  but  little,  if  any,  to  it.  Cer- 
tainly this  is  so  if  the  sensory  influences  are  blocked,  as  Crile  suggests,  by  cocain 
injected  into  the  nerve,  or,  as  Wainwright  has  demonstrated,  by  spinal  anaes- 
thesia. Stephen  Smith  has  collected  statistics  of  four  hundred  and  thirty-nine 
recovered  amputations.  Thirty-six  per  cent  Were  done  within  six  hours  of  the 
injury,  which  means  they  were  done  during  or  near  to  shock;  and  in  these  he 
estimated  that  recovery  was  six  per  cent  better  than  iri  those  done  in  periods 
of  reaction. 

THE  AFTER-TREATMENT. 

The  after-treatment  depends  upon  the  severity  of  the  operation,  the  amount 
of  blood  lost,  and  the  degree  of  shock  which  may  be  present.  The  patient's 
bed  should  be  raised  at  the  foot  if  there  has  been  great  loss  of  blood,  and 
the  patient  himself  surrounded  with  hot-water  bags.  Hot  normal  salt  solu- 
tion (temperature  about  110°  F.)  should  be  given,  as  a  routine  measure, 
either  by  rectum  or  by  hypodermoclysis.  Should  the  pulse  be  extremely  weak 
it  will  be  necessary  to  employ  venoclysis  instead  of  hypodermoclysis  or  entero- 
clysis.  If  there  be  shock,  which  is  usually  present  if  an  arm  or  leg  has  been 
removed,  morphia,  digitalis,  and  atropine  should  be  discreetly  given.  It  is 
also  of  advantage  to  bandage  the  remaining  limbs,  as  this  maintains  their 
warmth  and  keeps  the  blood  within  the  trunk  itself.  Unless  they  are  obviously 
soiled,  the  primary  dressings  may  be  allowed  to  remain  undisturbed  for  six  or 
seven  days,  provided  drainage  has  not  been  employed. 

After  the  patient  rallies  from  shock,  his  recovery  should  be  uninterrupted. 


SPECIAL  AMPUTATIONS. 

Amputation  of  the  Fingers  and  Thumb.  (Figs.  118-122.) — General  Re- 
marks.— As  no  mechanical  device  has  as  yet  been,  and  probably  never  will  be 
invented  to  take  the  place  and  fulfil  the  functions  of  the  human  finger,  every 
possible  portion  should  be  saved.  For  example,  the  proximal  phalanges  of  the 
middle  and  fourth  fingers  may  be  saved  and  be  useful,  owing  to  the  power  of  the 
lumbrical  muscles  and  the  vincula  accessoria  tendinum.  We  have  frequently  seen 
this  demonstrated.  These  phalanges  will,  however,  most  hkely  be  serviceable  if 
the  tendons  and  metacarpo-phalangeal  joints  are  not  invaded.  The  phalanges  of 
these  fingers  should  be  left  if  it  be  found  necessary  to  remove  the  index  and  fit- 
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tie  fingers.  Since  the  skin  on  the  palmar  surface  is  better  adapted  to  pressure 
and  more  sensitive  to  tactile  impressions  than  that  of  the  dorsal  as|3ect,  the  most 
satisfactory  finger  stump  is  one  the  end  of  which  is  cushioned  by  palmar  skin,  the 
cicatrix  being  located  upon  the  dorsal  sur- 
face. This  result  is  accompUshed  by  long 
pahnar  flaps. 

-An-atomy.  (Figs.  118-120.)  — As  men- 
tioned above,  the  skin  of  the  palmar  surface 
of  the  finger  is  thick,  well  accustomed  to 
pressure,  and  possessed  of  tactile  sensation. 
It  is  rather  finiily  associated  \\'ith  the  under- 
l\-ing  structures.  The  skin  on  the  dorsal 
surface  of  the  fingers  and  thumb  is  very 
tliin,  unaccustomed  to  pressure,  and  has  less 
sense  of  touch.  Beneath  it  there  is  a  distinct 
layer  of  subcutaneous  tissue.  The  knuckles 
are  formed  by  the  distal  ends  of  the  proximal 
bones.  For  example,  the  middle  knuckle  of 
the  index  finger  is  formed  by  the  distal  end 
of  the  first  (anatomical)  phalanx.  The  free 
edge  of  the  web  of  the  fingers,  on  the 
palmar  surface,  is  about  three-fourths  of 
an  inch  beyond  the  metacarpo-phalangeal 
joints;  that  of  the  articulations  between  the 
second  and  first  (anatomical)  phalanges  is 
one-sixth  of  an  inch  below  the  second 
knuckle;  the  line  of  articulations  between 
the  distal  and  the  second  phalanges  is  one- 
twelfth  of  an  inch  below  the  distal  knuckle; 
and  that  of  the  articulations  between  the 
first  (anatomical)  phalanges  and  the  metacarpal  bones  is  one-third  of  an 
inch  below  the  first  knuckle.  Tlie  phalanges  of  the  fingers  and  thumbs 
are  held  together  principally  by  an  interior  and  two  lateral  Ugaments  and 
one  capsular  hgament.  The  lateral  Ugaments  are  inserted  nearer  the  palmar 
than  the  dorsal  surface.  Tlie  glenoid  (anterior)  Ugaments  are  attached  to 
the  bases  of  the  distal  bones.  The  digital  arteries  run  along  the  lateral 
aspect  of  the  finger  nearer  to  the  palmar  than  the  dorsal  surface.  The 
dorsal  digital  arteries,  except  in  the  thumb,  are  so  small  that  they  can 
hardly  be  traced  beyond  the  first  phalanx.  According  to  Deaver:*  "The 
insertions  of  the  flexor  tendons  are  as  foUows:  Each  tendon  of  the  flexor 
subUniis   digitorum  rests  upon  the  corresponding  tendon  of  the  flexor  pro- 

*  "  Surgical  Anatomy,"  vol.  i.,  p.  168. 


Fig.  118.  —  Amputation  of  Fingers. 
(From  Treves'  "Operative  Surgery.") 
^4,  Disarticulation  by  single  external  Oap; 
B,  amputation  by  lateral  flaps;  C,  disar- 
ticulation by  oval  or  racquet  incision ;  D, 
modified  racquet  incision  for  index  finger; 
E,  circular  method,  with  vertical  dorsal 
cut ;  F,  incision  en  croupiere  ;  G,  intemo- 
palmar-flap  method  for  little  finger;  H, 
disarticulation  by  single  palmar  flap ;  /,  dis- 
articulation by  racquet  incision ;  /v^,  ampu- 
tation of  fingers  with  their  metacarpal 
bones;  L,  circular  disarticulation  at  the 
wrist. 
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fundus  digitorum;  opposite  the  metacarpo-phalangeal  joints,  the  tendons 
of  the  flexor  subhmis  broaden,  and  opposite  the  middle  of  the  proximal  pha- 
langes they  split  into  two  segments,  between  which  pass  the  tendons  of  the 
flexor  profundus;  they  reunite  and  again  divide,  to  be  inserted  into  the  middle 
of  both  sides  of  the  second  phalanges ;  the  tendon  of  the  flexor  profundus  after 
perforating  the  tendons  of  the  flexor  sublimis  passes  on  for  insertion  into  the 
front  of  the  base  of  the  last  phalanx.  The  tendon  of  the  flexor  longus  polHcis 
passes  between  the  two  heads  of  the  flexor  brevis  pollicis  for  insertion  into  the 
front  of  the  base  of  the  last  phalanx  of  the  thumb."  The  fibrous  sheaths 
of  these  tendons  are  lined  by  synovial  membrane  and  they  thus  form  canals 
when  they  are  opened.  There  are  synovial  reflections  connecting  the  sheaths 
on  the  under  surface  to  the  bone.  These  reflections  are  broader  near  the  inser- 
tions of  the  tendons  and  are  called  "ligamenta  brevia,"  while  the  longer  re- 


FiG.  119. — Methods  of  Disarticulating  the  Index  and  Little  Fingers  at  the  "places  of  election"; 
combined  palmar  and  external  flap  for  the  index  finger,  combined  palmar  and  internal  flap  for  the  little 
finger. — a,  Dorsal;  b,  palmar  aspects  of  the  hand.     (After  Farabeuf.) 

flections,  further  away  from  the  insertions,  are  called  ''ligamenta  longa." 
Collectively  these  reflections  are  known  as  "vincula  accessoria."  The  sheaths 
of  the  tendons  of  the  index,  middle,  and  fourth  fingers  do  not  pass  beyond  the 
annular  ligament,  but  are  bound  down  at  the  heads  of  the  metacarpal  bones; 
those  of  the  tendons  of  the  little  finger  and  thumb  pass  beyond  the  annular 
ligament  and  communicate  with  the  carpal  bursa.  The  sheath  for  the  little 
finger  extends  an  inch  and  a  half,  while  that  for  the  thumb  extends  an  inch 
and  a  quarter,  above  this  ligament.  By  reason  of  this  anatomical  fact,  therefore, 
it  can  readily  be  understood  how  infection  may  travel  into  the  forearm  from 
a  focus  of  suppuration  in  the  thumb  or  little  finger.  For  the  same  reason, 
also,  it  is  necessary  to  close  these  fibrous  sheaths  when  they  are  divided  in  am- 
putating through  the  fingers,  since  to  leave  them  patent  is  to  invite  the  develop- 
ment of  a  possible  infection. 
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Amputatioxs  of  the  Phalanges  of  the  Fingers. — Amputation  of  the 
digital  phalanges  may  be  accomphshed  in  several  ways  as: 

1.  By  a  single  palmar  flap; 

2.  By  a  long  palmar  and  a  short  dorsal  flap ; 

3.  By  two  lateral  flaps — (a)  equal:   (6)  unequal; 

4.  By  a  single  lateral  flap; 

5.  By  two  equal  antero-posterior  flaps. 

Amputation  of  a  Distal  Phalanx  (first  surgical  or  third  anatomi- 
cal).— Disarticulation  of  this  joint  is  best  done  by  a  single  palmar  flap 
{H,  Fig.  118),  which  should  be  equal  in  length  to  one  and  one-half  times 
the  diameter  of  the  finger  at  the  site  of  the  amputation.  A  knife  with  a 
narrow  blade  should  be  employed.     The  surgeon,  sitting  with  the  patient's  hand 


Fig.  120. — Adaptation  of  the  Racquet  Form  of  Incision  to  the  Operation  of  Disarticulating  Individ- 
ual Fingers.  In  the  case  of  the  index  finger  the  dorsal  incision  is  made  well  over  toward  the  middle 
finger,  while  the  circular  part  of  the  incision  descends  to  a  lower  level  on  the  outer  side  of  the  finger; 
in  the  case  of  the  little  finger  an  analogous  course  is  pursued,  but  here  the  dorsal  incision  should  ap- 
proach nearer  to  the  ring  finger  and  the  circular  part  of  the  racquet  should  descend  lower  on  the  inner 
side  of  the  digit.  In  operating  upon  the  middle  or  the  ring  finger,  the  surgeon  may  make  either  a 
T-shaped  or  a  Y-shaped  incision,  as  he  prefers.  In  all  the  operations  two  lateral  flaps  are  obtained. — 
a,  Dorsal;  6,  palmar  aspects  of  the  hand.     (After  Farabeuf.) 


before  him  in  a  position  of  pronation,  first  makes  a  skin  incision  marking  out 
the  future  flap.  The  pomt  of  the  blade  starts  opposite  the  joint  on  the  lat- 
eral aspect,  midway  between  the  dorsal  and  palmar  surfaces,  and  ends  at  a  point 
directly  opposite  to  that  of  starting.  The  reason  for  the  incision  being  midway  be- 
tween the  dorsal  and  palmar  surfaces  is  that  one  may  avoid  cutting  the  digital 
arteries  which  should  be  found  in  the  palmar  flap.  After  the  skin  mcision  has 
been  completed,  the  tissues  are  di\ided  from  without  inward  down  to  the  bone, 
along  the  line  of  incision,  and  the  flaps  are  dissected  free  from  the  bone.  The 
finger  is  now  flexed  and  a  dorsal  incision  is  made  over  the  base  of  the  distal  pha- 
lanx. The  joint  is  opened  and  the  lateral  ligaments  are  divided.     It  now  remains 
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to  divide  the  tendon  of  the  flexor  profundus  digitorum  and  the  glenoid  (anterior) 
ligament.  These  structures  are  best  severed  with  the  finger  extended  and  by  cut- 
ting from  below  upward.  The  phalanx  is  now  removed.  There  will  be  no  vessel  to 
tie  or  sheath  to  close.  The  distal  phalanx  may  be  amputated  by  a  long  palmar 
and  a  short  dorsal  flap.  This  is  done  in  the  same  manner  as  for  a  single  palmar 
flap,  except  that  the  latter  is  made  about  one  and  one-quarter  times  as  long 
as  the  circumference  at  the  site  of  amputation,  while  the  dorsal  flap  is  made 
one-third  the  length  of  the  palmar.  Jacobson  and  Steward  advise  that  the  flaj) 
be  made  by  transfixion,  but  Sir  Frederick  Treves  says  that  "in  no  operation 
upon  the  finger  is  it  well  to  cut  the  flaps  by  transfixion.  In  cutting  a  palmar 
flap  by  this  means  there  is  danger  of  sUtting  up  the  digital  arteries.  The  flap, 
moreover,  is  apt  to  be  pointed  and  scanty  and  to  contain  fragments  of  tendon." 
Especially  at  the  base  is  the  flap  scant. 

Amputation  of  the  Second  Phalanx. — Amputation  through  the  sscond 
phalanx  beyond  its  middle  is  preferable  to  disarticulation  at  the  first  surgical 
phalangeal  joint,  because  by  this  method  the  attachment  of  the  flexor  sublimis 
is  saved.  This  amputation  may  readily  be  done  by  utilizing  equal  lateral  flaps. 
(B,  Fig.  118.)  Dorsal  and  palmar  incisions  should  be  in  the  median  line.  It  will 
be  necessary  to  divide  the  tendon  of  the  flexor  profundus,  the  extensor  ten- 
dons, and  the  expansions  from  the  flexor  sublimis  tendon.  The  bone  should 
be  divided  by  a  fine  saw.  It  will  be  necessary  to  divide  the  digital  arteries; 
they  should  therefore  be  hgated.     The  tendon  sheaths  should  be  closed. 

Disarticulation  at  the  First  (Surgical)  Phalangeal  Joint. — This  op- 
eration may  be  accomplished : 

1.  By  unequal  dorsal  and  palmar  flaps; 

2.  By  a  single  external  flap. 

Unequal  Dorsal  and  Palmar  Flaps. — The  palmar  flap  is  fashioned  in  the  man- 
ner described  for  removing  the  distal  phalanx  and  covering  the  exposed  parts 
with  a  single  palmar  flap,  except  that  this  flap  should  not  be  cut  quite  so  long. 
A  length  about  one  and  one-quarter  times  the  circumference  at  the  site  of  ampu- 
tation (instead  of  one  and  one-half  times)  will  suffice.  The  dorsal  flap  should 
be  equal  to  one-third  the  length  of  the  palmar.  Dissect  up  both  flaps,  expose 
the  joint  from  above,  and  divide  the  lateral  ligament  as  before.  The  digital 
arteries,  according  to  their  size,  may  or  may  not  require  a  ligature.  The  ten- 
dons of  the  flexor  profundus  and  the  flexor  sublimis  may  be  sewn  either  to  the 
extensor  tendons  over  the  end  of  the  first  phalanx  or  to  the  theca  or  the  peri- 
osteum. Securing  the  tendon  in  this  manner  contributes  to  the  usefulness  of 
the  stump.     The  tendon  sheaths  should  be  closed  with  sutures. 

A  Single  External  Lateral  Flap  {second  joint).  {A,  Fig.  118.) — An  external 
flap  extending  to  the  middle  of  the  second  phalanx  should  be  mapped  out  and 
dissected  up;  it  should  contain  all  the  soft  parts  do\Mi  to  the  tendons.  The  joint 
should  be    fully  flexed,    the  extensor  tendons  divided,  and    the  lateral  liga- 
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ments  cut.  Extend  the  fingers  and  divide  from  below  upward  the  flexor  ten- 
dons and  the  glenoid  ligaments.  Fix  the  tendons  as  described  above  and  close 
the  tendon  sheaths.     Ligate  the  digital  arteries  if  necessary. 

Remarks. — The  last  method  is  of  adAantage  when  the  skin  on  one  side  is 
either  destroyed  or  is  the  seat  of  disease.  As  a  rule,  it  is  not  wise  to  amputate 
a  finger  at  the  first  interphalangeal  joint,  as  it  leaves  a  stiff  and  ordinarily  use- 
less stump.    The  exceptions,  according  to  Jacobson  and  Steward,  are : 

1st.  In  the  case  of  the  index  finger  the  proximal  phalanx  will  be  a  useful 
opponent  to  the  thumb,  as  in  holding  a  pen. 

2d.  In  the  case  of  the  little  finger,  lea\'ing  the  proximal  phalanx  vdW  give 
greater  symmetry  to   the  hand  when  it  is 
flexed,  and  it  should  accordingly  be  left  if 
the  patient  desires  it. 

3d.  In  cases  of  amputation  of  all  the 
fingers,  the  proximal  phalanx  of  one  should, 
if  possible,  always  be  left  to  oppose  the  thumb. 

4th.  ^Mien  a  patient  insists  on  ha\'ing  the 
proximal  phalanx  left  after  the  risk  of  stiff- 
ness has  been  explained  to  him. 

Disarticulation'  at  the  Metacarpo- 
phalangeal Joint. — These  amputations  are 
done  more  frequently  than  any  of  the  opera- 
tions before  described.  The  second  and  third 
fingers  are  amputated  either  by 

1.  The  oval  method,  or  by 

2.  Equal  lateral  flaps. 
1.  The  Oval  Method.— This  so-called  oval 

method  is  not,  as  some  think,  the  true  "en 
raquette,"  nor  is  it  the  original  oval  method. 
Therefore  it  should  more  properly  be  called  a 
modified  oval  method.  The  incision  is  begun 
on  the  dorsum  of  the  hand,  about  three- 
quarters  of  an  inch  above  the  head  of  the 
metacarpal  bone.  The  knife  is  thrust  down 
to  the  bone  and  the  incision  carried  forward 
over  the  head  of  the  metacarpal  bone,  on 
to  the  base  of  the  proximal  phalanx.     Here 

the  incision  branches,  and  the  blade  is  carried  obhquely  over  the  root  of 
the  finger,  first  over  one  side  and  then  over  the  other.  These  two  lateral 
cuts  are  joined  by  a  transverse  one  on  the  palm  of  the  hand.  (F,  Fig.  118.) 
The  tissues  may  now  be  divided  down  to  the  bone,  the  extensor  tendons  being  cut. 
In  order  to  faciUtate  the  work  of  the  operator,  an  assistant  should  separate 


Fig.  121. — Amputations  and  Disarticu- 
lations of  the  Thumb  and  Fingers.  (From 
Treves'  "Operative  Surgery.")  .4,  Dis- 
articulation by  special  externo-palmar 
flap;  fi,  disarticulation  by  lateral  flaps; 
C,  amputation  by  unequal  dorso-palmar 
flap;  D,  disarticulation  by  oblique  palmar 
flap;  E,  disarticulation  of  the  ring  finger, 
\\-ith  its  metacarpal  bone,  by  racquet 
Incision;  F,  the  same  operation  upnin 
the  little  finger;  G,  Dubreuil's  disarticu- 
lation at  the  wrist. 
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widely  from  this  the  other  fingers.  The  extensor  tendons  having  been  divided, 
the  wrist  and  the  condemned  finger  should  be  extended  and  the  flexor  tendons 
divided  from  below  by  carrying  the  palmar  incision  down  to  the  bone.  It  will 
now  be  easy  to  turn  the  finger  from  side  to  side,  deepening  each  lateral  inci- 
sion, thus  severing  the  digital  arteries  on  either  side  as  well  as  the  lumbricales 
and  interossei  muscles.  After  the  flaps  have  been  dissected  back,  open  the 
joint  from  below,  severing  the  lateral  ligaments.  After  the  glenoid  (anterior) 
ligament  has  been  cut,  the  finger  is  removed.  The  digital  arteries  should 
be  ligated.  Tendon  sheaths  should  be  closed.  This  method  produces  a  vertical 
cicatrix. 

2.  The  Equal-Lateral-Flaps  Method. — Because  of  the  ease  and  speed  with 
which  these  flaps  may  be  fashioned  under  certain  conditions,  as  when  one  is 
forced  to  operate  without  an  anaesthetic,  etc.,  this  method  may  be  chosen; 
but  it  has  the  disadvantage  of  opening  up  the  palmar  tissues.  As  before,  the 
point  of  the  blade  is  inserted  into  the  skin  about  three-fourths  of  an  inch  above 
the  head  of  the  metacarpal  bone,  and  the  incision  is  carried  across  each  lateral 
aspect  of  the  root  to  a  point  on  the  palmar  surface  which  corresponds  to  the 
centre  of  the  base  of  the  proximal  phalanx.  This  procedure  will  require  only 
two  incisions,  while  the  former  requires  three.  Having  mapped  out  these  inci- 
sions the  surgeon  severs  the  tissues  down  to  the  bone,  opens  the  joint,  and  divides 
the  tendons  in  the  manner  already  described. 

The  digital  arteries  will  require  hgation,  the  tendon  sheaths  should  be  sutured, 
etc.  In  every  case  where  strength  of  the  hand  is  required,  the  head  of  the  met- 
acarpal bone  should  be  left;  but,  if  the  patient  especially  desires  removal  for 
the  cosmetic  effect,  it  may  be  done.  The  removal  should  be  accomplished  by 
a  Gigli-Haertel  saw  or  a  fine  small  Butcher's  saw,  it  not  being  wise,  for  reasons 
already  stated  (page  274),  to  use  the  bone  forceps  for  this  purpose. 

Amputation  of  the  Index  Finger. — It  becomes  necessary,  when  ampu- 
tating this  finger,  to  use  a  method  that  will  yield  a  scar  on  the  inner  side  and 
away  from  the  thumb.  The  reason  is  apparent,  since  a  median  cicatrix  or  one 
placed  toward  the  thumb  would  be  exposed  to  pressure  from  various  causes, 
especially  in  holding  a  pen.  A  satisfactory  scar  here  may  be  produced  (Treves' 
"Operative  Surgery"): 

"(a)  By  the  racquet  incision,  with  the  vertical  cut  placed  upon  the  side  of 
the  index  nearest  to  the  middle  finger,  and  with  the  incision  curved  a  little 
farther  on  the  radial  than  the  ulnar  side  of  the  digit.  In  the  latter  situation  it 
corresponds  to  the  web.     (D,  Fig.  118.) 

"(b)  By  unequal  lateral  flaps,  the  external  flap  being  the  larger. 
(Fig,  120.) 

"(c)  By  the  externo-palmar  flap  of  Farabeuf.  The  incision  commences 
at  the  joint  line,  just  to  the  radial  side  of  the  extensor  tendon.  It  is  carried 
along  the  outer  side  of  the  dorsum  nearly  as  far  as  the  centre  of  the  shaft  of 
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the  phalanx.  It  is  then  made  to  sweep  across  the  palmar  aspect  of  the  finger 
to  the  web.  From  the  web  it  passes  by  the  shortest  route  to  the  point  at  which 
the  incision  commenced."     (A,  Fig.  121.) 

Special  Operation  for  the  Little  Finger. — The  same  object  is  held  in 
\-iew  in  amputating  the  Uttle  finger  as  when  amputating  the  index,  namely, 
that  the  scar  shall  not  be  exposed  to  pressure.  Hence  its  location  should  be 
internal  rather  than  external.  This  result  may  be  accomphshed  by  reversing 
the  method  described  for  the  index  finger,  that  is,  by 
ha^^ng  the  internal  flap  the  larger  instead  of  the  ex- 
ternal; by  making  the  racquet  incision  as  near  as 
possible  like  that  of  the  ring  finger;  and  by  em- 
ploying the  intemo-palmar  flap  of  Farabeuf  instead 
of  an  externo-palmar  flap.     (G,  Fig.  118.) 

Amputations  and  Disarticulations  of  the 
Thumb. — Surgical  Anatomy. — The  thumb  has  only 
two  phalanges,  and  receives  its  blood  supply  through 
four  digital  arteries  instead  of  two,  as  in  the  case  of 
the  fingers.  All  of  these  arteries  may  require  Uga- 
turiiig.  In  disarticulating  the  thumb  at  the  meta- 
carpo-phalangeal  articidation  the  proximity  of  the 
radial  artery  should  be  remembered ;  the  vessel  dips 
into  the  palm  in  the  first  interosseous  interspace. 
There  are  four  muscles  inserted  into  the  base  of  the 
first  phalanx  of  the  thumb. 

Amputations  through  either  phalanx,  or  disartic- 
ulations at  the  interphalangeal  joint,  may  be  done 
by  any  one  of  the  several  oj^erations  described  for  the  same  purpose  in  the 
paragraphs  relating  to  the  fingers.  Disarticulation  at  the  metacarpo-phalangeal 
joint  of  the  thumb  is  best  accomplished  by: 

(a)  The  oval  method; 

(6)  The  racquet  method; 

(c)  The  long  palmar  flap:  and 

(d)  The  unequal  lateral  flaps. 

The  oval  method,  in  the  case  of  the  thumb,  differs  in  no  respect  from  the  one 
already  described  for  disarticulation  at  the  metacarpo-phalangeal  joint  of  a 
finger.  The  racquet  is  practically  the  same  as  the  oval.  (See  Fig.  121.)  Tlie 
long  lateral  flap  is  of  advantage  when  the  tissue  on  the  surface  alone  is  fit  for  use 
in  a  flap.  The  employment  of  a  "U-shaped  flap,"  according  to  the  method  of 
Farabeuf,  with  its  periphery  extending  to  about  the  middle  of  the  first  pha- 
lanx, is  the  best  plan  to  adopt  under  these  circumstances. 

If  unequal  lateral  flaps  are  chosen,  it  ^\ill  be  well  to  make  the  external  tht. 
longer,  as  this  will  throw  the  scar  inward,  doing  away  with  the  hkelihood  of 


Fig.  122.  —  Disarticulation 
of  the  Thumb  with  its  Meta- 
carpal Bone  by  a  Racquet  In- 
cision. (From Treves' "Oper- 
ative Surgerj'.") 
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pressure.  Tendon  sheaths  should  be  closed,  etc.,  as  in  other  disarticulations 
already  described. 

Amputation  through  the  Metacarpal  Bones.— It  will  sometimes  be  necessary, 
though  rarely,  to  amputate  through  one  or  more  of  tl.e  metacarpal  bones. 
Tissues  of  the  palmar  surface  should  be  utilized  for  the  principal  flap  if  two  or 
more  of  these  bones  are  condemned.  If  only  one  metacarpal  is  to  be  sacrificed, 
then  a  racquet  incision,  with  the  dorsal  cut  prolonged  to  the  site  of  the  proposed 
division  of  the  bone,  will  be  useful.  The  head  of  the  bone  should  be  left  if 
possible,  as  it  adds  strength  and  symmetry  to  the  hand.  It  also  should  be  re- 
membered that  the  palmar  tissues  are  exposed  and  that  the  chances  for  infection 
are  thus  increased.  The  bone  should  be  divided  by  a  GigH,  chain,  or  small  bow 
saw.  Care  should  be  taken  not  to  wound  the  deep  palmar  arch.  It  will  be 
well  out  of  the  way  when  the  bone  is  divided  at,  or  beyond,  its  middle.  The 
synovial  sac  of  the  carpus  should  also  be  carefully  avoided. 

Amputation  of  the  Entire  Hand  at  the  Wrist.  (Figs.  123-127.)— While 
objections  to  this  operation  have  been  made,  there  can  be  no  doubt  about  its 
success  or  about  the  hkelihood  that  a  useful  stump  will  be  secured  in  a  fair 
proportion  of  the  cases.  Some  maintain  that  amputations  at  the  wrist  yield  a 
heavier  mortahty  than  do  amputations  through  the  lower  third  of  the  forearm. 
This  statement,  in  our  opinion,  has  not  been  verified.  Another  objection  has 
been  urged,  viz.,  that  it  is  more  difficult  to  provide  a  satisfactory  artificial  limb 
for  the  stump  resulting  from  this  operation  than  for  that  which  results  from  am- 
putation at  the  lower  third  of  the  forearm.  While  this  is  true  to  a  certain  ex- 
tent, it  does  not  hold  good  in  all  cases.  Still  another  objection  has  been  raised, 
viz.,  that  the  stump  is  slow  to  heal,  owing  to  the  numerous  tendons,  articulat- 
ing cartilages,  etc.,  which  it  contains.  If  thorough  asepsis  be  maintained  this 
objection  also  should  not  be  of  much  consequence.  Therefore,  although  we  are 
not  champions  of  this  operation,  we  feel  that  there  is  no  sound  reason  why  it 
should  not  be  performed  in  suitable  cases. 

The  indications  for  operation  are : 

(a)  Injuries  so  severe  as  to  make  it  necessary  that  not  only  the  fingers  be 
sacrificed  but  also  the  rest  of  the  hand. 

(b)  Disease  of  the  carpal  bones  in  cases  not  suitable  for  excision  of  these  bones. 

(c)  Gangrene  or  diffuse  suppuration  of  the  palmar  tissues. 

(d)  Burns. 

(e)  Cases  in  which  excision  has  failed. 

Surgical  Anatomy. — The  line  of  the  wrist  joint  is  one-fourth  of  an  inch 
above  a  line  connecting  the  styloid  process  of  the  radius  with  that  of  the  ulna. 
The  skin  on  the  dorsum  is  thinner  than  that  on  the  palmar  surface  and  con- 
tracts more  readily.  The  point  of  the  styloid  process  of  the  ulna  is  on  a  level 
with  the  joint.  There  are  four  principal  ligaments  belonging  to  this  joint — 
two  lateral,  an  anterior,  and  a  posterior.    The  anterior  annular  ligament,  though 
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smaller  than  the  posterior,  is  much  stronger.  There  are  six  compartments  for 
the  various  extensor  tendons  beneath  the  posterior  annular  hgament.  The 
superficial  pahnar  arch  is  formed  by  the  ulnar  artery  and  its  anastomosis  with 
the  superficialis  volae  branch  of  the  radial.  This  is  usually  the  case,  though  in 
rare  instances  the  radiahs  indicis  or  the  princeps  poUicis  enters  into  this  anastomo- 
The  superficial  palmar  arch  is  larger  than  the  deep.     It  gives  oflF  the  digital 


SIS 


branches  to  the  fingers.  The  line  indicating  this  arch  is  draMTi  from  the  web 
of  the  extended  thumb  across  to  the  ulnar  side.  The  palmar  fascia  lies  over 
the  superficial  arch.    The  deep  palmar  arch  is  formed  by  the  radial  artery  and 


Fig.  123. — Disarticulation  at  the  Wrist.     Lines  of  incision,  anteriorly  and  posteriorly,  for  the  long 

palmar-flap  operation.     (Farabeuf.) 

its  communication  with  the  deep  branch  of  the  ulnar.  This  arch  is  under 
the  flexor  tendons  on  the  metacarpal  bones,  and  is  one  finger's  breadth  nearer 
the  wrist  than  the  superficial  arch. 

Disarticulations  at  the  Wrist. — Methods. — Several  methods  are  used 
for  remo^^ng  the  hand.  Tlie  best,  as  we  beheve,  is  either  the  long  palmar  flap 
or  the  elUptical.    Of  these  methods  the  foUowing  six  deserv^e  to  be  mentioned : 

1.  Long  palmar  flap. 

2.  Elliptical  flap. 

3.  Equal  anterior  and  posterior  flaps. 

4.  Method  of  Dubreuil.     (G,  Fig.  121.) 

5.  Circular  flap. 

6.  Long  dorsal  flap. 

1.  Long  Pahnar  Flap.  (Fig.  12.3.)— The  bracliial  artery  should  be  secured  either 
by  a  tourniquet  or  bj'  the  pressure  oT  an  assistant "s  fingers.  The  condenmed 
hand  should  be  supinated  and  either  supported  by  an  assistant  or,  better,  by  a 
table  on  which  is  spread  a  sterile  sheet.  After  ha\-ing  abducted  the  thumb  so  as 
to  put  the  palmar  tissues  on  the  stretch,  the  operator  starts  his  incision  over  the 
styloid  process  of  the  radius,  carries  it  on  to  the  thenar  eminence,  and  then  sweeps 
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across  the  palm,  on  the  level  with  the  superficial  palmar  arch,  to  the  hypothe- 
nar  eminence,  where  the  incision  turns  to  pursue  a  downward  direction  until 
it  ends  at  the  st3doid  process  of  the  ulna.  The  flap  having  now  been  outlined, 
the  incision  is  next  deepened,  and  the  flap  dissected  up  in  such  a  manner 
that  it  includes  not  only  all  the  tissues  down  to  the  flexor  tendons,  but  also 
portions  of  the  thenar  and  hypothenar  muscles.  If  portions  of  these  muscles 
remain  in  the  flap,  the  nutrition  of  the  parts  will  be  improved.  The  hand  should 
now  be  pronated  and  flexed  and  a  slightly  convex  incision  should  be  made  be- 
tween the  styloid  process  of  the  ulna  and  the  same  process  of  the  radius  (Fig.  120). 
The  skin  thus  divided  should  be  dissected  up  to  the  joint  line.  Flexing  the  hand 
still  further,  the  operator  may  open  the  joint  from  either  side.  The  ligaments 
are  next  divided.  The  tendons  having  been  cut  squarely  by  a  bold  circular 
sweep  of  the  amputating  knife,  the  hand  is  removed.  It  is  well  to  leave  the 
articular  cartilages  unless  they  are  diseased,  since,  to  remove  them  completely, 
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Fig.  124. — Disarticulation  at  the  Wrist.     Lines  of  incision,  anteriorly  and  posteriorly,  for  the 
elliptical-flap  operation.     (Farabeuf.) 

the  bones  would  have  to  be  divided  above  their  level,  thus  interfering  with  sub- 
sequent pronation  and  supination.  The  tips  of  the  styloid  processes  of  both 
bones  should  be  sawn  off.  Care  should  be  used  not  to  open  the  radio-ulnar  joint, 
and  the  operator  may  avoid  this  by  keeping  the  point  of  the  knife  directed 
toward  the  carpus.  Should  this  joint,  however,  be  opened,  pronation  and 
supination  may  be  interfered  with.  The  radial,  ulnar,  superficiahs  vola?,  and 
interossei  arteries  and  one  or  two  of  the  larger  branches  of  these  vessels  will 
have  to  be  ligated.  All  divided  tendons  having  been  trimmed,  the  open 
mouths  of  sheaths  having  been  stitched,  suitable  drainage  having  been  provided, 
etc.,  the  wound  may  be  closed. 

2.  Elliptical  Disarticulation.  (Fig.  124.) — This  method  gives  good  results  and 
provides  a  covering  for  the  bones  in  much  the  same  manner  as  does  a  long  pal- 
mar flap.  The  highest  point  of  the  ellipse  should  be  on  the  dorsal  surface  of  the 
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hand,  to  the  inner  side  of  the  midline  and  about  half  an  inch  below  the  joint  Une. 
The  lowest  point  should  be  on  the  palmar  surface  about  two  inches  below  the  level 
of  the  highest  point  and  in  a  line  with  the  middle  finger.  It  is  best  to  mark  out  the 
palmar  part  first,  the  patient's  hand  being  supinated  and  the  incision  being  com- 
menced on  the  left  side.  Pronate  the  hand  and  mark  out  the  dorsal  part.  (Fig. 
123.)  Deepen  the  incision,  dissect  up  both  flaps  as  far  as  to  the  joint  line,  flex  the 
hand,  and  attack  the  joint  from  the  dorsal  aspect  as  before.  Di^'ide  lateral  liga- 
ments, extensor  tendons,  and  the  posterior  ligament.  Then,  with  the  knife  in  the 
jouit,  cut  the  anterior  Ugament  and  the  flexor  tendons  from  within  outward. 
Remove  the  hand  and  ligate  the  radial  artery  which  has  been  cut  in  the  act  of 
disarticulating,  and  which  will  be  found  m  the  outer  extremity  of  the  wound. 
The  cut  end  of  the  uhiar  will  also  require  hgation,  as  may  one  or  two  of  its  larger 
branches.  The  open  mouths  of  the  tendinous  sheaths  ha\Tng  been  stitched, 
provide  for  drainage  and  close  the  wound. 

In  regard  to  the  other  four  methods  no  special  description  is  required. 
Amputation  of  the  Forearm. — Surgical  Anatomy. — The  lower  third  of  the 
forearm  presents  two  nearly  flattened  surfaces,  its  shape  being  due  to  the 
scarcity  of  muscular  tissue  and  the  abundance  of  tendons.  In  the  upper  two- 
thirds  both  anterior  and  posterior  surfaces  are  somewhat  rounded,  owing  to  the 
mass  of  muscular  tissue  found  in  this  region.  On  the  anterior  surface  the  bundle 
of  muscles  is  considerably  thicker  than  on  the  posterior,  a  circumstance  which  is  of 
hnportance  in  regard  to  securing  flaps.  The  transverse  diameter  at  this  portion 
of  the  Umb  is  greater  than  the  antero-posterior.  Both  radius  and  ulna  he  nearer 
the  posterior  sui-face  than  the  anterior.  The  arterial  supply  of  the  forearm  is 
furnished  by  the  radial,  the  ulnar,  and  the  posterior  and  anterior  interossei. 
There  are  also  muscular  and  collateral  branches  which  require  ligation  after  am- 
putation of  the  limb.  The  radial  artery  extends  dowTiward  from  the  bend  of  the 
elbow  to  the  front  of  the  wTist,  where  it  passes  outward,  crossing  the  WTist  joint, 
to  reach  the  back  of  the  carpus.  Its  relations  in  the  forearm  are  as  follows : — 
Externally,  it  is  bounded  by  the  supinator  longus  and  the  external  vena  comes, 
in  the  middle  third  it  also  has  the  radial  nerv^e  on  its  outside;  in  the  lower  third 
the  nerve  is  Ukewise  external,  although  the  supinator  longus  hes  between  the  artery 
and  the  nerve.  Internally,  it  is  bounded  above  by  the  pronator  radii  teres  and 
below  by  the  flexor  carpi  radiaUs.  The  internal  vena  comes  accompanies  the  ar- 
ter}' throughout  its  course.  In  front,  it  is  overlapped  slightly  by  the  supinator 
longus.  Behind,  it  hes,  from  above  downward,  upon  the  tendon  of  the  biceps,  the 
supinator  brevis,  the  radial  origin  of  the  flexor  sublimis  digitorum,  the  flexor  lon- 
gus poUicis,  and  the  pronator  quadratus.  The  ulnar  artery  hes  beneath  the  super- 
ficial muscles  of  the  forearm.  To  its  inner  side  he  the  flexor  carpi  ulnaris  and 
the  ulnar  nerve,  in  the  lower  two-thirds  of  its  course.  To  the  outer  side,  in  the 
lower  two-thirds  of  its  course,  is  the  flexor  subhmis  digitorum.  The  interosseous 
arteries  run  along  the  anterior  and  posterior  surfaces  of  the  interosseous  mem- 
voL.  n.— 19 
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brane.  If  the  relations  of  the  radial  and  ulnar  arteries  be  borne  in  mind,  the 
ligation  of  these  vessels  in  the  stump  will  be  facilitated.  WTienever  possible 
the  insertion  of  the  pronator  radii  teres  on  the  middle  of  the  outer  surface  of  the 
radius  should  be  preserved.  If  the  arm  be  amputated  above  this  point,  the 
biceps  and  supinator  brevis  will  turn  the  radius  outward,  and  thus  the  movements 
of  rotation  will  be  abolished. 

Since  the  interosseous  space  is  widest  when  the  forearm  is  in  the  position 
of  supination,  it  should  be  held  in  this  position  when  the  interosseous  mem- 
brane is  divided. 

Methods  of  Amputation, — The  following  methods  will  be  described: 

1.  The  circular, 

2.  The  modified  circuiar, 

3.  The  method  by  equal  anterior  and  posterior  flaps. 

The  method  employed  will  vary  according  to  the  part  of  the  limb  through 
which  the  amputation  is  performed.  For  the  lower  third  the  circular  or  modi- 
fied circular  gives  the  best  results,  but  for  the  remaining  two-thirds,  where  there 
is  an  abundant  supply  of  muscle,  either  the  modified  circular  or  the  method  by 
equal  anterior  and  posterior  flaps  should  be  employed.  For  the  lower  third  we 
prefer  the  modified  circular  to  the  circular,  as  it  does  away  with  the  teat-like 
projection  of  skin  at  either  angle  of  the  flap  which  is  formed 
by  suturing.  These  projections,  however,  promptly  disappear 
after  healing. 

The  instruments  required  are  a  scalpel,  an  amputating 
knife,  an  amputating  saw,  scissors,  from  twelve  to  eighteen 
haemostatic  forceps,  dissecting  forceps,  curved  and  straight 
needles,  a  three-tailed  retractor,  and  an  Esmarch  bandage 
or  a  tourniquet. 

1.  Circular  Method.  (Fig.  125.) — The  first  step  is  to  apply 
the  Esmarch  bandage  to  the  arm,  or,  in  case  of  malignant  or 
septic  disease,  to  hold  the  limb  vertical  for  a  few  minutes  and 
then,  when  it  has  become  bloodless,  to  apply  the  tourniquet 
above  the  elbow,  thus  compressing  the  brachial  artery.  WTien 
this  has  been  done  the  assistant  takes  his  place  to  the  left  of  the 
limb  which  is  to  be  removed ,  standing  opposite  to  the  surgeon. 
The  first  assistant  manipulates  and  steadies  the  arm  and 
forearm.  Other  aid  in  the  way  of  sponging,  ligaturing,  etc., 
may  be  rendered,  if  necessary,  by  a  second  assistant.  The  line  at  which  the 
bones  are  to  be  sawn  is  first  decided  upon.  To  determine  the  level  at  which 
the  skin  is  to  be  divided,  measure  the  circumference  of  the  forearm  at  the  line  of 
proposed  bone-section  and  select  a  point  distant  one-fourth  of  its  circumference 
below.  Thus,  if  the  circumference  of  the  limb  at  the  line  where  it  is  proposed 
to  saw  the  bone  is  eight  inches,  the  skin  incision  should  be  made  two  inches  below 


Flu.  125. — Circular 
Amputation  of  the 
Forearm  in  its  Lower 
Third.  The  fainter 
white  line  above 
shows  at  about  what 
level  the  bones  should 
be  sawed  across. 
(Farabeuf.) 
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this  line.  The  circular  skin  incision  may  be  made  with  a  scalpel,  the  surgeon 
cutting  carefully  and  slowly;  or  it  may  be  made  with  one  s\\eep  of  the  amputat- 
ing knife,  which  is  drawii  around  the  hmb  from  heel  to  point.  The  experienced 
surgeon  may  employ  the  latter  method  ^\^th  safety  and  precision:  the  occasional 
operator,  however,  wiU  do  better  to  use  the  former.  Skin  and  fascia  should  be  com- 
pletely and  evenly  di%'ided  down  to  the  muscles.  To  facihiate  their  di^•ision  the 
assistant  should  turn  the  forearm  first 
in  one  direction  and  then  in  another  so  as 
to  bring  its  entire  circumference  into 
A-iew.  WTien  this  has  been  done  the  cuff 
is  dissected  up  as  far  as  the  liiie  of  bone 
section.  The  manner  in  which  the  scal- 
pel is  held,  while  this  manipulation  is 
being  carried  out,  is  important.  Its  edge 
should  be  directed  toward,  instead  of 
away  from,  the  bones,  so  as  to  avoid  un- 
necessary mterference  with  the  blood 
supply  of  the  integuments.  The  muscles 
are  di^dded  one-half  or  three-quarters  of 
an  inch  l^elow  the  line  of  bone-section 
(Fig.  126).  Tliis  maj'  be  done  by  a  cir- 
cular sweep  of  the  knife,  or  bj'  inserting 
it  in  the  flap  beneath  aU  the  soft  tissues, 
first  on  one  surface  of  the  hmb  and  then 
on  the  other,  and  cut  ting  outward  so  as  to 
form  two  short  flaps.  Tlie  tendons  should 
be  carefully  retracted.  The  bones  are  now  well  cleared,  the  interosseous  mem- 
brane di\'ided,  the  three-tailed  retractor  apphed,  and  the  bones  sawn  through 
simultaneously.  The  blood-vessels  are  tied  with  catgut.  The  arteries  requiring 
hgation  are  the  radial,  the  ulnar,  the  posterior  interosseous  (sometimes  also 
the  anterior  interosseous),  and  the  artery  accompanying  the  median  nerve,  as 
well  as  certain  muscular  branches.  The  nerves  are  cut  off  high  up,  and  the  cuff 
of  skin  is  drawn  down  over  the  stump  and  closed  with  interrupted  silkworm- 
gut  .sutures.  Drainage  is  employed  for  from  twenty-four  to  forty-eight  hours. 
The  Umb  is  placed  midwa}'  between  pronation  and  supination  and  supported  on 
an  internal  angular  splint. 

2.  Modified  Circular  Method. — The  steps  of  this  method  are  practically  the 
same  as  those  of  the  circular  method,  the  only  difference  being  in  the  manner  of 
making  the  skin  flaps.  In  regard  to  the  modification,  we  prefer  to  ?dopt  Lis- 
ten's method  of  making  two  short  semilunar  tegumentary  flaps  instead  of  adding 
the  vertical  incisions  to  the  circular,  as  showTi  in  Fig.  120.  In  addition  to  pre- 
venting the  formation  of  the  teat-like  projections  at  either  angle  of  the  cicatrix, 


Fig.  126. — Circular  Method  of  .Amputating  the 
Forearm — "Amputation  a  la  manchette."  (From 
Treves'  "Operative  Sui^gery.") 
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this  method  affords  a  higher  exposure  of  the  bones  than  does  the  ordinary  cir- 
cular method.  The  posterior  skin  flap  should  be  made  somewhat  longer  than 
the  anterior. 

3.  Method  hy  Equal  Antero-posterior  Flaps. — In  amputating  through  the 
upper  two-thirds  of  the  forearm  antero-posterior  U-shaped  flaps  are  employed. 
The  base  of  each  flap  should  be  equal  to  one-half  the  circumference  of  the  limb 
at  the  line  of  bone-section.  Their  length  should  be  equal  to  three-fourths  the 
circumference.  ^Vhen  the  right  forearm  is  to  be  amputated  the  incision  is 
begun  on  the  radial  border  of  the  Hmb ;  when  the  operation  is  to  be  performed 
on  the  left,  it  is  begun  upon  the  ulnar  border.  (Fig.  125.)  The  surgeon  stands 
in  front  of  the  limb,  which  is  held  in  a  position  of  supination  by  an  assistant, 
and  outlines  the  anterior  tegumentary  incision  first  and  then  the  posterior, 
taking  care  to  separate  the  skin  and  subcutaneous  tissues  thoroughly  from 
the  underlying  muscles.     The  limbs  of  the  U  should  not  correspond  exactly 


'Fia.  127. — Amputation  of  the  Forearm  by  Antero-Posterior  Skin  Flaps,  with  Circular  Division  of 
Muscles,  etc.     (From  Jacobson  and  Steward:    "The  Operations  of  Surgery.") 

to  the  lateral  margins  of  the  arm,  but  be  shghtly  removed  from  them ;  other- 
wise a  semilunar  and  not  a  U-shaped  incision  will  be  made.  The  assistant 
now  flexes  the  forearm,  and  holds  it  vertical  while  the  operator  makes  the 
posterior  incision  uniting  the  hmbs  of  the  U.  After  the  skin  has  retracted,  the 
arm  is  held  horizontal,  but  still  in  slight  flexion,  and  the  muscular  flaps  are  cut 
by  transfixion.  The  amputating  knife  is  introduced  first  beneath  the  tissues  on 
the  anterior  surface  of  the  limb,  and  is  then  made  to  pass  as  close  to  the  bones 
and  interosseous  membrane  as  possible.  As  the  knife  is  about  to  be  carried 
through  the  tissues,  from  above  downward,  the  assistant  extends  the  hand  and 
draws  the  muscles  down  toward  the  wrist.  (Fig.  127.)  The  posterior  muscular 
flap  is  cut  in  the  same  manner,  the  hand,  however,  being  flexed  and  the  muscles 
pushed  upward  as  they  are  transfixed.  It  is  more  difficult  to  pass  the  knife 
beneath  the  tissues  on  the  posterior  surface  than  on  the  anterior,  and  the  left 
hand  as  well  as  the  right  may  have  to  be  used  to  help  insinuate  it.  .  After  the 
muscular  flaps  have  been  cut  and  the  remaining  shreds  of  muscular  tissue  and 
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the    interosseous  membrane   divided,    the    three-tailed   retractor  is   applied; 

after   which   the  bones  are  sawn    through.    The  radial,   ulnar,   and  interos- 
seous arteries   are  now  tied  with 

catgut   and    the   nerves    are    re- 
sected   high   up  in    the    anterior 

flap.     Catgut  sutures  may  be  used 

to  secure  the  muscular  flaps  over 

the  ends  of  the   bones.     The  skin 

flaps  are  brought   down  over  the 

stump  thus  formed,  and  are  united 

by  a   series   of  interrupted    silk- 
worm-gut   or    horsehair    sutures. 

Drainage  is   employed    for    from 

twenty-four  to  forty-eight    hours, 

when  the  hmb  is  placed  upon   a 

suitable  splint  and  held   midway 

between  pronation  and  supination. 

The    resulting   cicatrix    is    trans- 
verse.    As     already    stated,    the 

modified   circular  method   is  also 

applicable    to    this    part    of    the 

forearm,  and  at  the  present   time 

there  is  an  increasing  tendency  to 

employ  it.    We  decidedly  prefer  it 

and  believe  that  it  is  easier  of  execution,  speedier,  and  adapted  to  every  con- 
dition which  the  surgeon  is  likely  to  meet. 
Moreover,  we  always  avoid,  when  possible, 
making  flaps  by  transfixion.  The  character 
of  the  stump  which  is  left  after  healing  has 
taken  place  in  the  modified  circular  operation, 
may  be  judged  from  the  accompanying  pho- 
tograph.    fFig.  130.) 

Amputations  at  the  Elbow  Joint.  (Figs. 
131-134.) — Amputation  at  the  elbow  joint  may 
be  employed  for  injury,  for  malignant  tumors 
of  the  upper  portion  of  the  bones  of  the  fore- 
arm, for  gangi-ene  of  the  stump  after  an  am- 
putation through  the  limb,  for  osteomyehtis, 
etc.  Although  the  operation  has  been  crit- 
icised frequently,  there  is  no  doubt  that  it 
may  be  useful  in  selected  cases.  If  there  is 
enough    healthy  skin   to  cover  the   irregular 


Fig.  128. — Partial  .\jnputatioii  of  the  Forearm, 
according  to  the  Double-Flap  Method.  The  posterior 
incision  is  made  by  a  single  sweep  of  the  knife  held  in 
the  surgeon's  right  hand,  while  his  left  hand  grasps 
the  patient's  wrist.  In  the  picture  the  two  attitudes  of 
the  sui^eon's  right  hand  are  represented,  viz.,  that  in 
which  the  incision  is  begun  and  that  in  which  it  is 
about  to  end.  The  arrow  shows  the  direction  in  which 
the  knife  moves.     (Farabeuf.) 


Fig.  129. — Amputation  of  the  Fore- 
arm by  Transfixion  Flaps.  (After  Fer- 
gusson,  from  Jacobson  and  Steward: 
"Operations  of  Sui^ery.") 
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lower  articular  surface  of  the  humerus  it  would  seem  to  be  a  rational  surgical 
procedure  to  disarticulate  the  bones  of  the  forearm  instead  of  jawing  away  a 
portion  of  the  humerus.  Hemorrhage  and  exfoHation  of  the  cartilage  are  im- 
aginary dangers  and  can  no  longer  be  considered  valid  objections  to  the  operation. 
The  stump  is  well  adapted  for  the  support  of  an  artificial  limb.  Various 
methods  have  been  practised  in  this  operation.  The  essential  thing  is  to  se- 
cure enough  tissue  in  the  flaps  to  cover  the  lower  end  of  the  humerus  effectu- 
ally, and  therefore  the  method  selected  will  depend  more  upon  the  condition  of 
the  affected  Hmb  than  upon  any  hard-and-fast  rule.   Thus,  when  the  tissues 


Fig.  130. — Stump  after  Amputation  of  the  Lower  Third  of  the  Forearm.     (Author's  case.) 


on  the  anterior  surface  of  the  elbow  and  upper  part  of  the  forearm  are  intact,  a 
good  flap  may  be  obtained  by  an  anterior  elliptical  incision  or  by  a  large  U- 
shaped  cut;  when  the  reverse  condition  obtains,  a  posterior  ellipse  may  be 
made.  If  the  tissues  on  the  internal  aspect  of  the  joint  have  been  nearly  or 
entirely  destroyed,  as  sometimes  happens  in  cases  of  severe  injury  or  of  gun- 
shot wounds,  a  flap  from  the  external  aspect  of  the  joint  may  be  utilized  to 
meet  the  defect. 

Unequal  anterior  and  posterior  flaps  may  also  be  designed  where  both  of 
these  surfaces  have  been  so  injured  that  neither  affords  enough  tissue  to  consti- 
tute an  adequate  flap.  In  a  word,  the  method  employed  may  be  varied  a  great 
deal  according  to  the  good  judgment  and  ingenuity  of  the  surgeon,  who  will  en- 
deavor to  save  the  upper  arm  in  its  entirety  whenever  possible.  And,  too,  the 
saving  of  the  insertions  of  the  brachialis  anticus  and  the  triceps  muscles  by 
sawing  the  bones  below  the  points  of  insertion  adds  vigor  to  the  stump.  At 
the  same  tirrie  some  advantage  is  gained  in  this  respect  by  saving  the  olecranon 
process. 

Surgical  Anatomy. — The  bones  entering  into  the  formation  of  the  elbow 
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^B  at  the  sides  to  form  the  external  and  internal  lateral  Ugaments.  These  two  are 
^B  the  only  hgaments  of  importance  so  far  as  amputations  are  concerned.  The 
^B  external  lateral  Ugament  is  attached  above  to  the  external  condyle  of  the 
^"  humerus,  below  to  the  orbicular  ligament.  The  internal 
lateral  ligament  is  attached  above  to  the  internal  con- 
dyle of  the  humerus.  Below,  it  di\ides  into  two  parts, 
the  anterior  of  which  is  attached  to  the  inner  margin 
of  the  coronoid  process,  the  posterior  to  the  inner  margin 
of  the  olecranon.  In  disarticulating  it  is  better  to  di\"ide 
the  external  and  lateral  hgaments  before  attacking  the  in- 
ternal, as  the  latter  is  better  diAdded  when  the.  relaxation 
secured  by  di^^sion  of  the  former  permits  the  forearm  to  te 
forcibly  extended  and  turned  inward.  In  regard  to  the 
muscles  in  the  vicinity  of  the  joint  it  should  be  remembered 
that  only  those  of  the  forearm  can  be  utihzed  in  securing 
a  flap.  Care  should  be  taken,  however,  to  diAide  them  as 
low  down  as  possible,  and  particularly  to  separate  the 
triceps  completely  from  the  olecranon  when  it  is  not 
ad\*isable  to  save  it.  Tlie  brachial  artery  usually  di\ides 
into  the  radial  and  ukiar  at  a  point  opposite  the  neck  of  the 
radius;  but  anomalous  di^'ision  of  this  vessel  is  not  un- 
common. Close  to  its  point  of  origin  the  uhiar  gives  off  the 
common  interosseous,  which  at  once  di^^des  into  its  an- 
terior and  posterior  branches.  The  common  interosseous 
will  thus  be  included  in  the  posterior  part  of  the  an- 
terior flap.  Tlie  posterior  ulnar  recurrent,  together  with 
the  superior  profunda  at  the  outer  condyle  and  the  interior 
profunda  at  the  inner  condyle,  may  also  require  to  be 
Ugated.  In  regard  to  the  joint-line,  it  maybe  said  that  in- 
spection of  the  elbow  vdW  enable  one  to  determine  it  without  diflficulty,  as 
the  anterior  crease  at  the  elbow  hes  just  above  it.  The  joint-Une  itself  is  not 
transverse  throughout  its  entire  extent,  its  humero-ulnar  portion  being  obUque. 
For  this  reason  it  will  be  fomid  easier,  when  disarticulating,  to  insert  the  knife 
at  the  horizontal  humero-radial  portion  and  separate  it  before  attacking  the 
humero-ukiar  part.  Tlie  characteristics  of  the  skin  over  this  joint  are  also  of 
importance.  Tliat  on  the  anterior  surface  is  very  retractile,  so  that  much  more 
than  is  actually  required  to  cover  the  stump  must  be  available  if  an  anterior 
flap  is  to  be  employed.  That  on  the  posterior  surface  retracts  less. 
Methods. — Tlie  methods  here  described  are: 

1.  The  anterior  eluptical  flap. 

2.  The  large  anterior  flap. 


Fig.  131. —  Anterior 
Aspect  of  the  Right 
Elbow.  Lines  of  in- 
cision employed  in  the 
operation  for  disarti- 
culation when  it  is  de- 
cided to  make  a  fairly 
long  anterior  flap  with 
a  broad  base.  At  its  in- 
ner epd  this  base  is  dis- 
tant a  finger's  breadth 
from  a  line  connecting 
the  two  condyles;  at 
its  outer  end  the  dis- 
tance amounts  to  the 
breadth  of  two  fingers. 
(Farabeuf.) 
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R 
Fig  1  ior  Aspect  of  the  Right  and 

Left  Elbows,  showing  the  Outhnes  of  the  El- 
hptical  Incision  emploj^ed  in  Disarticulation  of 
this  Joint.  In  the  right  elbow  (R)  the  relations  of 
the  underlying  bones  to  the  incision  are  shown ; 
and  attention  is  called  to  the  fact  that  here  the 
incision  is  almost  lozenge-shaped.      (Farabeuf.) 


3.  The  posterior  elliptical  flap. 

4.  The  large  external  flap. 
The  instruments  needed  are  a  large 

strong  scalpel,  an  amputating  knife, 
an  amputating  saw,  scissors,  a  dozen 
haemostatic  forceps,  and  curved  and 
straight  needles. 

1.  Anterior  Elliptical  Flap. — The 
limb  is  held  at  a  right  angle  to  the 
body  by  an  assistant  who  stands  oppo- 
site the  surgeon.  The  incision  is  begun 
over  the  tip  of  the  olecranon  process,  is 
carried  around  to  the  anterior  surface  of 
the  forearm,  then  is  curved  to  the 
opposite  border,  and  finally  is  carried 
obliquely  over  the  posterior  aspect  to 
the  point  where  it  was  first  started. 
This  incision  involves  only  the  integu- 
ments. (Fig.  133.)  The  forearm  is  now 
slightly  flexed,  and  the  anterior  muscu- 
lar flap  is  cut  by  transfixion,  the. ampu- 
tating knife  being  inserted  through  the  muscles  as  close  to  the  joint  as  possible. 

This  cut  should  be  made  obhquely.     The 

bones  are  now  freed  from  the  remaining 

muscular  tissue  at    the   joint-line,   and 

disarticulation  is  begun.     The  anterior 

ligament  is  cut  first,  next  the  external 

lateral,  and  then  the    internal  lateral. 

The  olecranon  is  now  pulled  away  from 

the  trochlear  surface  and  the  posterior 

ligament  and  the  fibres  of  the  triceps  are 

divided.     The  radial  and  ulnar  nerves 

should  be  divided  high  up,  the  vessels 

ligated  with  catgut,  and  the  flap  drawn 

up  over  the  lower  end  of  the  humerus 

and  sutured  with  silkworm  gut  to  the 

posterior  margin  of  the  wound.     Drain- 
age should  be  employed. 

2.  Large  Anterior  Flap.    (Fig.  131.) — 

The  flap  is  U-shaped,  the  outer  (radial) 

limb  of  the  U  being  longer  than  the  inner 

owing  to  the  greater  retractility  of  the 


!  L 

Fig.   13  \         ior  Aspect  of  tlic  Right  (R) 

and  Left  (L)  Forearms,  Showing  Lines  of  Inci- 
sion Required  in  Disarticulating  the  Elbow. 
Note  how  the  anterior  branch  of  the  U  rises  to  a 
point  considerably  lower  down  than  that  reached 
by  the  posterior  branch.      (After  Farabeuf.) 
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skin  on  the  outer  aspect  of  the  elbow.  Farabeuf  directs  that  the  base  of  the  U 
be  more  than  equal  to  one-half  the  circumference  of  the  hmb.  Its  length  will 
vary  Anth  the  condition  of  the  tissues.  Less  than  four  inches  cannot  be  consid- 
ered ample  length  after  allowance  for  retraction  is  made.  The  first  incision 
involves  only  the  skin  and  should  be  made  with  the  hmb  in  the  supine  position 
and  well  extended.  The  posterior  incision  connects  the  hmbs  of  the  U;  its 
du-ection  should  be  slightly  oblique  o\N-ing  to  the  difference  in  length  of  the 
two  limbs.  The  integuments  are  now  retracted  and  the  muscular  flap  cut  by 
transfixion.  The  remaining  steps  of  the  operation  are  the 
same  as  in  the  method  which  employs  an  anterior  elliptical 
flap. 

3.  Posterior  Elliptical  Flap. — This  method  differs  from 
that  of  the  anterior  elliptical  flap  in  that  the  ellipse  is  be- 
gun on  the  anterior  aspect  of  the  joint  and  completed  on 
the  posterior  surface  of  the  forearm.  Thus  the  flap  is 
formed  largely  of  the  thin  skin  which  covers  the  elbow,  the 
blood  supply  of  which  is  not  so  good  as  that  of  tissues  used 
in  the  construction  of  the  anterior  eUiptical  flap.  Tlie  in- 
cision is  begun  one  inch  below  the  internal  condyle,  is 
curs'ed  upward  to  the  joint-line,  and  is  then  carried  down- 
ward along  the  external  border  to  a  point  half  an  inch 
below  the  level  at  which  it  was  begun  on  the  internal  bor- 
der. (Fig.  1.30.)  The  elUpse  is  now  completed  by  carrying  a 
curved  incision  around  the  jjosterior  surface  of  the  forearm 
and  making  its  lowest  point  at  least  three  inches  below  the 
tip  of  the  olecranon.  Ashhurst  directs  that  the  anterior 
bundle  of  muscles  be  divided  half  an  inch  below  the  joint- 
line.  In  tliis  amputation  the  brachial  artery  may  be  di- 
vided above  its  bifurcation ;  the  superior  and  inferior  pro- 
funda will  also  require  hgation.  Disarticulation  and  closure  of  the  wound  are 
effected  in  the  usual  manner. 

4.  Large  External  Flap. — In  amputating  by  the  method  which  calls  for  a 
single  external  flap  the  forearm  is  held  midway  between  pronation  and  supina- 
tion, and  an  incision,  beginning  at  about  the  middle  of  the  radial  border,  is 
curved  across  the  forearm  and  then  carried  vertically  upward  on  the  posterior 
surface  to  a  point  on  a  level  with  the  joint-line  and  just  external  to  the  olecranon. 
Another  incision,  which  should  begin  at  the  startmg-pomt  of  the  one  just  de- 
scribed, is  carried  upward  in  front  of  the  radius  along  the  internal  border  of  the 
supinator  longus,  being  terminated  about  an  inch  below  the  joint-line,  thus 
being  somewhat  shorter  than  the  primary  incision.  These  incisions  form  a  U- 
shajDed  flap.  (Fig.  133.)  The  width  of  this  flap  should  be  equal  to  one-tliird 
the  circumference  of  the  limb.     The  limbs  of  the  U  are   now  imited  by  an 


Fig.  134. — Posterior 
Aspect  of  the  Right 
Elbow.  Lines  of  inci- 
sion formeriy  proposed 
by  Brastlor.  Posteri- 
orly the  integuments 
were  di^•ided  on  a  level 
with  the  joint.  (Far- 
abeuf.) 
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incision  carried  around  the  internal  surface  of  the  forearm.  These  incisions 
involve  merely  the  skin  and  subcutaneous  tissue.  The  muscular  flap  may  be 
cut  by  transfixion  or  from  without  inward.  Disarticulation  is  effected  in  the 
usual  manner.  The  brachial  artery  and  several  muscular  branches  will  require 
ligation.  The  technique  of  this  method,  as  here  described,  is  that  of  Farabeuf, 
from  whose  Work  this  description  has  been  taken. 

Amputation  of  the  Ann.  (Figs.  135  and  136.)— Surgical  Anatomy. — The  sur- 
face markings  of  the  arm  are  easily  recognizable.  On  the  anterior  surface  the 
prominence  made  by  the  biceps  is  readily  seen,  the  deltoid  can  be  plainly  out- 
lined over  the  upper  portion  of  the  external  surface, 
and  its  insertion  just  above  the  middle  of  the  outer 
surface  of  the  humerus  can  also  be  distinctly  felt. 
The  insertion  of  the  muscle  marks  the  point  of 
origin  of  the  brachialis  anticus,  and  is  also  on  a 
level  with  the  insertion  of  the  coraco-brachialis  on 
the  inner  surface  of  the  humerus.  With  the  ex- 
ception of  the  biceps  the  muscles  are  adherent  to 
the  bone  in  the  lower  half  of  the  arm,  whereas,  in 
the  upper  half,  they  are  fairly  free,  and  conse- 
quently retract  when  divided.  The  deltoid,  how- 
ever, is  not  so  retractile  as  the  other  muscles. 
Owing  to  this  retractility  of  the  muscles  in  the  up- 
per half  of  the  arm  the  circular  amputation  is  not 
applicable  in  this  portion  of  the  limb  unless  the 
muscles  be  divided  correspondingly.  The  blood 
supply  of  the  arm  is  derived  from  the  brachial 
artery,  which  begins  at  the  lower  border  of  the 
teres  major  and  passes  downward,  first  on  the 
inner  aspect  of  the  arm  and  then  on  its  front,  to 
a  point  just  below  the  bend  of  the  elbow.  Accord- 
ingly, in  the  upper  part  of  the  limb  compression 
of  the  artery  should  be  made  from  within  outward, 
but  in  the  lower  part  it  should  be  made  from  before 
backward.  This  vessel  frequently  presents  anomalies — a  circumstance  which 
should  not  be  forgotten.  It  is  accompanied  by  two  vena  comltes,  one  on 
either  side.  The  superior  profunda  artery  arises  close  to  the  beginning  of  the 
brachial,  and  passes  downward  with  the  musculo-spiral  nerve  between  the  inner 
and  outer  heads  of  the  triceps  through  the  musculo-spiral  groove  to  the  outer 
side  of  the  arm.  The  inferior  profunda  usually  arises  from  the  brachial  artery 
on  a  level  with  the  insertion  of  the  coraco-brachialis,  although  it  may  arise  in 
common  with  the  superior  profunda  or  immediately  below  it.  It  passes  downward 
with  the  ulnar  nerve  through  the  internal  intermuscular  septum  to  the  back  of 


Fio.  135. —  Afiputation  of  the 
Ai-m.  (From Tit ves'  "Operative 
Surgery.")  A,  Circular  (inclined) 
amputation;  B,  amputation  bj 
antero-posterior  flaps;  C,  ampu- 
tation at  the  shoulder  joint  by 
deltoid  flap. 
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the  internal  condyle.  The  anastomotica  magna  is  given  off  from  the  inner  side  of 
the  artery  about  two  inches  above  its  termm^tion.  There  are  also  numerous 
muscular  branches  which  may  require  Ugation.  The  skin  on  the  inner  surface 
of  the  arm,  particularly  in  the  upper  two-thirds,  is  more  retractile  than  that  on 
the  external  surface. 

The  instruments  required  are  an  amputating  knife,  two  scalpels,  an  amputat- 
ing saw,  a  dozen  haemostatic  forceps,  dissecting  forceps,  scissors,  needles,  drain- 
age tube,  blunt  hook,  and  bone  forceps. 

Methods  of  A^iputatiox. — The  method  employed  will  depend  upon  the 
portion  of  the  arm  through  which  the  amputation  is  to  be  performed.  For 
the  lower  half  the  circular  an  putation  is  appropriate;  for  the  middle  and  upper 


Fig.  136. — Amputation  of  the  Arm.     Two  crescent-shaped  flaps  of  skin  (one  external,  the  other 
internal)  have  been  made  and  turned  back  over  the  upper  part  of  the  arm.     (Esmarch.) 

portions  the  method  by  anterior  and  posterior  flaps;  and,  for  amputating 
through  the  surgical  neck  of  the  humerus,  either  the  external  flap  or  the  oval 
method  may  be  used.    (See  Fig,  135.) 

1.  The  Circular  Method. — In  carrjing  out  this  method  the  arm  is  held  hori- 
zontal and  at  a  right  angle  to  the  body.  Tlie  skin  incision  is  made  with  the 
long  amputating  knife,  which  should  be  so  managed  as  to  cut  from  heel  to  point, 
thus  encircling  about  three-fourths  the  circumference  of  the  Umb  with  a  single 
sweep.  To  the  primary  incision  thus  made  a  secondary  one  is  added,  complet- 
ing the  division  of  the  integuments.  After  the  skin  and  subcutaneous  tissues 
have  been  thoroughly  freed  and  retracted,  the  muscles  are  di\-ided  by  a  few 
circular  turns  of  the  knife,  the  flap  thus  formed  is  drawn  well  upward,  the  re- 
tractor is  apphed,  and  the  bone  sawTi  through.  The  di^'ided  end  of  the  bone 
is  now  covered  by  the  flap,  which  is  fastened  in  position  by  means  of  interrupted 
silkworm-gut  sutures.  Drainage  is  employed.  The  vessels  requiring  Ugation 
are  the  brachial,  the  superior  profunda,  the  inferior  profunda,  and  a  number  of 
muscular  branches.  The  modified  circular  method,  with  semilunar  flaps,  may 
be  employed  with  satisfaction  both  here  and  in  the  middle  third  of  the  arm. 

2.  TheMethodin  which  Anterior  and  Posterior  Flaps  Are  Em'ployed.  (Fig.  135.) 
— In  amputating  according  to  the  method  which  calls  for  anterior  and  posterior 
flaps  two  U-shai)ed  flaps  are  cut,  the  incision  begimiing  just  below  the  proposed 
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line  of  bone  section.  The  length  of  the  anterior  flap  should  be  equal  to  the 
diameter  of  the  limb,  that  of  the  posterior  to  one-half  of  its  diameter.  The 
first  incision  involves  only  the  integuments.  The  muscular  flaps  are  cut  either 
by  transfixion  or  circularly,  the  former  being  the  classic  method.  The  anterior 
one  should  be  made  a  little  longer  than  the  posterior,  so  as  to  allow  for 
greater  retractility  of  the  biceps.     (Fig.  135.) 

3.  Amputation  through  the  Surgical  Neck  of  the  Humerus. — This  am- 
putation is  sometimes  employed  instead  of  disarticulation  at  the  shoulder  joint, 
and  in  proper  cases  it  is  a  better  procedure  than  the  latter.  It  affords  a  stump 
suitable  for  the  application  of  an  artificial  limb,  and  does  not  produce  so  great 
deformity  as  does  disarticulation  at  the  shoulder.  It  should  not  be  performed, 
however,  on  persons  younger  than  sixteen  years  (Treves),  owing  to  the  possi- 
bihty  that,  through  the  future  growth  of  the  bone  from  the  epiphysis  of  the 
humerus,  a  conical  stump  may  result.  When  the  tissues  are  in  good  con- 
dition prompt  healing  may  be  expected  to  take  place. 

In  Farabeuf's  method  of  amputating  by  an  external  U-shaped  flap,  the  sur- 
geon stands  at  the  outer  side  of  the  limb  and,  retracting  the  skin  with  the  left 
hand,  outlines  the  flap  by  means  of  an  external  cutaneous  incision  which  begins 
an  inch  below  the  head  of  the  humerus.  The  length  of  this  flap  should  equal  the 
diameter  of  the  limb,  the  breadth  one-half  its  circumference.  Owing  to  the 
retractility  of  the  integument  on  the  kmer  aspect  of  the  arm,  the  internal  in- 
cision that  unites  the  upper  extremities  of  the  U  should  be  curved  do\\Tiward, 
instead  of  being  carried  transversely  across  the  arm.  After  the  integuments 
have  retracted,  the  base  of  the  flap  is  grasped  between 
the  thumb  and  fingers  and  the  deltoid  muscle  is  cut  by 
transfixion  from  below  upward,  until  the  line  of  bone  sec- 
tion is  reached.  The  internal  tissues  are  now  cut,  the 
brachial  artery  first  having  been  ligated.  The  tendon 
of  the  pectoralis  major  and  the  adductor  muscles  should 
be  carefully  separated  from  the  bone,  but  the  upper  por- 
tion of  the  former  may  be  left  intact.  The  tendon  of  the 
biceps  is  to  be  divided  low  down.  The  flaps  are  sutured 
together  with  interrupted  sutures  of  silkworm  gut,  and  the 
wound  is  dressed  in  the  usual  manner,  drainage  being 
employed. 

In  amputating  by  Guthrie's  oval-flap  method,  the 
arm  is  raised  from  the  side  of  the  body,  and,  after 
compression  of  the  subclavian  artery  has  been  made  by 
the  fingers  of  an  assistant,  or  by  means  of  elastic  compression,  an  incision  is  be- 
gun two  finger-breadths  below  the  acromion  process  and  carried  to  the  inner  side 
of  the  arm  just  below  the  border  of  the  pectoralis  major;  then  it  is  extended 
under  the  arm  to  the  outside  where  it  is  joined  by  another  incision  that  starts 


Fig.  137. — Disarticu- 
lation at  the  Shoulder 
by  Racquet  Incision — 
Spence's  Operation. 
(From  Treves'  "Opera- 
tive Surgery.") 
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from  the  point  of  departure  of  the  original  one.  These  incisions  involve  only 
the  integument,  which  is  to  be  well  retracted  before  the  muscles  are  cut.  ^^^len 
they  have  been  divided  the  bone  is  exposed  as  high  up  as  the  tuberosities,  the 
circumflex  vessels  and  nerves  are  drawn  upward  with  a  blunt  hook,  and  the  bone 
is  then  sawn  through.  Tlie  wound  is  closed  in  the  same  manner  as  in  the  ex- 
ternal-flap method. 

Amputation  at  the  Shoulder  Joint.    (Figs.  137-147.) — This  operation  is  re- 
quired when,  as  the  result  of  injury  or  disease,  the  condition  of  the  tissues  in  the 
upper  arm  is  such  as  to  make  necessary  the  sacrifice  of  the  limb  in  its  entirety. 
The  operation  is  generally  performed  for  a  severe  injury  or  for  sarcoma.     A  vari- 
ety of  methods  have  been  devised,  but  there  are  a  few  principal  ones  which  meet 
nearly  every  contingency.    WTiere  great  traumatism 
has  been  inflicted,  the  essential    thing  is  to  secure 
enough  tissue  to  close  the  defect,  and  to  employ  that 
method  which  seemingly  best  meets  the  indications. 
Surgical  Axato^iy. — The   bones  entering  into 
the  formation  of  the  shoulder  joint  are  the  head  of 
the  humerus  and  the  glenoid  ca\'ity  of  the  scap- 
ula.     The  capsular  ligament  is  attached  internally 
to  the  margin  of  the  glenoid  ca\'ity,  and  externally 
to  the  anatomical  neck  of  the  humerus  and  to  the 
tuberosities.     It    forms    a   somewhat    lax   bond    of 
union  between  the  two  bones,  and  permits  of  ex- 
tensive movement.     The  muscles  around  the  joint 
form   a  much  stronger    investment   than   its   cap- 
sule.   Above  is  the  supraspinatus ;  in  front,  the  tendon  of  the  subscapularis; 
behind,  the  infraspinatus  and  teres  minor;   below,  the  long  head  of  the   tri- 
ceps,   ^lore  superficially  is   the  deltoid,  which  supplies  to  the  joint  a   su- 
perior covering  and  gives  the  shoulder  its  characteristic  rotundity.     Beneath 
the  deltoid  the  tuberosities  of  the  humerus  can  be  felt.     The  acromion  proc- 
ess projects  above  the  joint,  making  a  prominence  which  is  easily  felt.     It  is 
situated  about  one  inch  above  the  glenoid  ca\'ity  and  projects  a  Uke  distance 
beyond.     The  coracoid  process  bears  an  important  relation  to  the  joint  in  front, 
and  affords  attachment  to  important  muscles  related  to  the  movements  of  the 
arm.    The  joint  is  suppUed  by  the  anterior  and  posterior  circumflex,  the  supra- 
scapular and  dorsalis  scapulae  arteries,  and  the  acromial  branch  of  the  acromio- 
thoracic  artery.     Of  these  the  posterior  circumflex  is  the  most  important.     It 
arises  from  the  posterior  aspect  of  the  axillary  artery  on  a  level  "uith  the  lower 
border  of  the  subscapularis  muscle,  and  then,  after  passing  through  the  quadri- 
lateral space,  winds  around  the  surgical  neck  of  the  humerus  in  company  with 
the  circumflex  nerve.     The  circumflex  nerve  animates  the  deltoid  and  should 
for  this  reason,  if  for  no  other,  be  carefully  preserved  in  excisions.    At  the  under 


Fig.  138. — Disarticulation  at 
the  Shoulder  Joint — Larrejr's 
Operation.  (From  Treves' 
"Operative  Surgery.) 
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surface  of  the  deltoid  it  divides  into  a  number  of  branches.     In  amputations 
at  the  shoulder  the  axillary  vessels  will  also  be  divided. 

Methods  of  Controlling  Hemorrhage. — Several  methods  have  been  de- 
vised for  securing  ha^mostasis  during  the  operation.  Thus,  the  subclavian  artery 
has  been  compressed  against  the  first  rib  by  the  thumb  of  an  assistant  or  by  the 
handle  of  a  large  key,  which  has  previously  been  Well  padded.  These  methods 
are  not  trustworthy  and  should  not  be  employed  if  better  means  can  be  obtained. 
The  finger  may  become  exhausted  and  relax  the  pressure,  or  the  key  might  slip, 


Fig.  139. — Wyeth's  Method  of  Haemostasis  as  Applied  to  an  Amputation  at  the  Shoulder  Joint, 
Pins  and  rubber-tube  tourniquet  in  position.  The  Esmarch  bandage  has  been  removed.  (From 
drawings  by  H.  .1.  Shannon.)  (From  "Practice  of  Surgery,"  by  .Tohn  A.  Wyeth,  M.D.,  LL.D.,  New 
York,  1908;  by  permission.) 

either  of  which  occurrences  would  result  in  most  serious  hemorrhage.  Compres- 
sion by  means  of  an  elastic  band  passed  over  the  shoulder  and  under  the  axilla  is 
not  certain,  as  it  also  may  slip  or  exert  diminished  pressure  after  the  operation  is 
well  under  way.  An  exception  may  be  made  in  favor  of  this  method  when  it  is 
employed  in  conjunction  with  Wyeth's  pins.  According  to  Wyeth's  procedure, 
one  pin  is  entered  at  the  middle  of  the  anterior  axillary  fold  and  is  brought  out 
one  inch  internal  to  the  tip  of  the  acromion  process.  The  other  pin  is  entered  at 
the  middle  of  the  posterior  axillary  fold  and  is  also  brought  out  one  inch  internal 
to  the  tip  of  the  acromion  process.  The  ends  of  the  pins  are  protected  with 
sterihzed  corks.  (Figs.  139  and  140.)  Rubber  tubing  is  wound  firmly  around 
the  shoulder  and  axilla  above  the  pins.  It  is  important  to  pass  the  pms  through 
the  tissues  as  described,  for  unless  this  be  done  the  tubing  is  Ukely  to  sHp  when 
disarticulation  of  the  humerus  is  being  accomplished.     If  much  thickening  of  the 
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tissues  has  resulted  from  disease  of  the  joint,  even  this  form  of  constriction 
mav  not  suffice.  Another,  and,  according  to  some,  probably  the  best  and  safest 
method  of  controlhng  bleeding,  is  to  pick  up  the  axillary  artery  in  the  flap  and 
ligate  it  before  severing  it.  Tlie  hgature  should  be  placed  below  the  origin  of 
the  posterior  circumflex,  so  as  to  preserve  the  latter  vessel  intact. 

The  instruments  required  are  an  amputating  knife,  two  scalj^els,  scissors 
straight  and  curved,  an  amputating  saw,  a  dozen  haemostatic  forceps,  dissecting 
forceps,  curved  and  straight  needles,  drainage  tubes,  and  a  retractor. 


Fig.   140. — The  Same    after  Disarticulation  and  Ligature  of  the  \'essels.       From   ""Practice  of 
Surgery,"  by  John  A.  Wyeth,  M.D.,  LL.D.,  New  York,  1908;  by  pennission.) 


Methods  of  Operating. — As  already  stated,  a  large  number  of  methods  have 
been  employed,  but  man}'  of  them  are  merely  of  historical  interest,  and  there- 
fore will  not  be  discussed  here.     Those  which  will  be  described  are  the  following : 

1.  The  racquet  method  (Spence's  and  Larrey's). 

2.  The  external  or  deltoid  flap  method  (Dupuytren's). 

3.  The  combined  circular  and  vertical  incision. 

4.  The  interscapulo-thoracic  method  (removal  of  arm,  scapula,  and  part  of 
the  clavicle"). 

1,  a.  Spence's  Operation.  (Fig.  137.) — The  foUowing  is  Professor  Spence's 
own  description  of  this  operation:  "Supposing  the  right  arm  to  be  the  subject 
of  amputation,  the  arm  being  shghtly  abducted  and  the  head  of  the  humerus 
rotated  outward,  with  a  broad  straight  bistoury  I  cut  down  upon  the  head  of 
the  humerus,  immediately  external  to  the  coracoid  process,  and  carry  the  inci- 
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Fig.  141. — Disarticulation  of  the  Right  Shoulder 
Joint;  Second  Stage.  In  the  illustration  the  incision 
of  the  skin  (elliptical  or  of  other  shape)  has  been  com- 
pleted and  tlie  anterior  fasciculi  of  the  deltoid  have 
been  divided,  (first  stage  of  the  operation);  with  the 
thumb  and  forefinger  of  his  left  hand,  the  operator  is 
lifting  up  the  tendon  of  the  pectoralis  major,  while  with 
the  knife  in  his  right  hand  he  is  on  the  point  of  divid- 
ing this  tendon  close  to  the  point  where  it  is  inserted. 
(Farabeuf.) 


sion  down  through  the  clavicular 
fibres  of  the  deltoid  and  pectora- 
lis major  muscles  until  I  reach 
the  humeral  attachment  of  the 
latter  muscle,  which  I  divide.  I 
then  with  a  gentle  curve  carry  my 
incision  across  and  fairly  through 
the  lower  fibres  of  the  deltoid,  but 
not  through  the  posterior  border 
of  the  axilla.  Unless  the  tissues 
be  torn,  I  next  mark  out  the  line  of 
the  lower  part  of  the  inner  section 
by  carrying  an  incision  through 
the  skin  and  fat  only  from  a  point 
from  where  my  straight  incision 
terminated  across  the  inside  of  the 
arm  to  meet  the  incision  at  the 
outer  part.  This  insures  accuracy 
in  the  fine  of  union,  but  is  not 
essential.  If  the  fibres  of  the  del- 
toid have  been  thoroughly  divided 
in  the  line  of  incision,  the  flap  so  marked  out,  along  with  the  posterior  circumflex 
trunk,  which  enters  the  deep 
surface,  can  be  easily  separ- 
ated from  the  bone  and  joint, 
and  drawn  upward  and  back- 
ward so  as  to  expose  the 
head  and  tuberosities  by  the 
point  of  the  finger  without 
further  use  of  the  knife.  The 
tendinous  insertions  of  the 
capsular  muscles,  the  long 
head  of  the  biceps  and  the 
capsule  are  next  divided  by 
cutting  directly  on  the  tuber- 
osities and  head  of  the  bone ; 
and  the  broad  subscapular 
tendon  especially,  being  very 
freely  exposed  by  the  in- 
cision, can  be  much  more 
readily  and  freely  divided 
than     by     the     double-flap 


Fig.  142. —  Disarticulation  of  the  Riglit  Shoulder  Joint; 
Third  Stage.  In  the  illustration  the  following  parts  have 
already  been  divided:  the  anterior  fasciculi  of  the  deltoid, 
the  tendon  of  the  pectoralis  major,  and  the  muscular  fascic- 
ulus of  the  coraco-bicipitalis.  With  his  left  hand  the  sur- 
geon is  pushing  tlie  nerves  toward  the  inner  side  of  the  arm 
and  thus  exposing  the  artery,  which  he  is  about  to  ligate. 
After  disarticulation  has  actually  been  accomplished  the  as- 
sistant will  place  his  thumb  in  the  same  attitude  for  the  pur- 
pose of  grasping  the  whole  cluster  of  vessels  between  it  and  his 
forefinger  resting  against  the  inner  side  of  the  arm.    ( Farabeuf.) 
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method.  By  keeping  the  edge  of  the  posterior  flap  out  of  the  way  by  a  broad 
x^opper  spatula  or  the  fingers  of  an  assistant,  and  taking  care  to  keep  the  edge  of 
the  knife  close  to  the  bone,  as  in  excision,  the  trunk  of  the  posterior  circum- 
flex is  protected.  The  only  vessel  which  bleeds  Is  the  anterior  circumflex 
diA-ided  in  the  first  incision,  and  if  necessary  a  pair  of  catch  forceps  may  be 
placed  on  it  at  once.  With  regard  to  the  axillary  vessels  they  can  either  be  com- 
pressed by  an  assistant  before  compressing  the  soft  parts  en  the  axillary  aspect, 
or,  to  avoid  aU  risk,  the  axillary  may  be  exposed,  tied  and  di^'ided  between  two 


Fig.  143. — Disarticulation  of  the  Right  Shoulder  Joint:  Fourth  Stage.  The  illustration  shows 
the  surgeon  in  the  act  of  di^•iding  the  capsule.  He  has,  by  dint  of  some  stretching,  grasped  the  patient's 
elbow  {not  the  arm)  with  his  left  hand,  in  order  that  he  may  be  able  at  will  to  turn  the  hiunerus  on  its 
long  axis;  while  with  his  right  hand,  armed  with  the  knife,  he  has  begun  to  divide  the  upper  part  of 
the  capsule  of  the  joint  (ha\-ing  pre\-iously  di\-ided  the  jx>sterior  part).  His  next  step  (see  Fig.  144) 
will  be  to  diWde  the  front  part  of  the  capsule,  but  not  until  he  shall  have  twisted  the  head  of  the  bone 
out  of  its  socket.     (Farabeuf.) 


ligatures  so  as  to  allow  it  to  retract  before  di^-iding  the  other  textures.  In 
cases  where  the  Umb  is  very  muscular  I  dissect  up  the  skin  flap  from  the  deltoid 
at  the  lower  part  and  then  divide  the  muscular  fibres  higher  up  by  a  second  in- 
cision so  as  to  avoid  redundancy  of  muscular  tissue.  The  advantages  I  claim 
for  this  plan  are :  First,  the  fulness  and  better  form  of  the  stump  left  after  healing. 
Second,  the  posterior  circumflex  artery  is  not  diA-ided  except  in  its  small  terminal 
branches  in  front,  whereas,  both  in  the  large  deltoid-flap  and  the  double  methods, 
the  trunk  of  this  vessel  is  diA^ded  in  the  early  stages  of  the  operation,  and  re- 
tracting often  gives  rise  to  embarrassing  hemorrhage.  In  the  case  of  the  del- 
toid single-flap  method  the  ^•itality  of  the  flap  must  be  seriously  compromised, 
as  it  depends  chiefly  on  that  vessel  for  its  arterial  supply.  Tliird,  the  great  ease 
with  which  disarticulation  can  be  accomplished." 

VOL.  IV.— 20 
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1,  b.  Larrey's  Operation.  (Fig.  138.) — The  surgeon  stands  at  the  outer  side  of 
the  limb,  "which  is  held  at  an  angle  of  45°  from  the  body.  A  vertical  incision, 
beginning  just  above  the  extremity  of  the  acromion  process,  is  carried  down- 
ward for  a  distance  of  three  inches,  dividing  all  the  tissues  down  to  the  bone. 
From  the  middle  of  this  incision  two  oblique  cuts  are  made — one  on  the  anterior 
and  the  other  on  the  posterior  surface  of  the  arm.  These  incisions  should  ex- 
tend to  the  anterior  and  posterior  borders  of  the  axilla  respectively,  and  their 
lowest  level  should  be  on  a  line  with  the  lower  extremity  of  the  vertical  in- 


FiG.  144. — Disarticulation  of  the  Right  Shoulder  Joint;  Fifth  Stage.  The  operator,  having  divided 
first  the  left  *  and  then  the  upper  portion  of  the  capsule,  is  twisting  the  stump  of  the  humerus  to  the 
left  wliile  at  the  same  time  he  is  dividing  with  his  knife  the  right  side  of  the  capsule  (i.e.,  the  anterior 
portion  of  the  capsule,  if  he  is  operating  upon  the  right  shoulder).     (Farabeuf.) 

*  "  Lef t  "  and  "  right  "  in  Farabeuf  s  descriptions  of  operative  procedures  refer  to  things  which   are  on  the 
left  or  the  right  side  of  the  op)erator. 


cision.  At  first,  these  incisions  involve  only  the  integument.  The  joint  is 
now  exposed  by  deepening  these  incisions  and  dissecting  up  the  flaps.  (Fig.  141.) 
In  the  anterior  oblique  incision  the  anterior  fibres  of  the  deltoid  will  be  seen,  and 
are  to  be  divided  close  to  the  skin  incision;  the  tendon  of  the  pectoralis  major  is 
likewise  to  be  divided  at  its  insertion.  The  coraco-brachialis  can  now  be 
readily  exposed  by  drawing  the  flap  inward.  The  next  step  in  the  operation  is  to 
expose  and  tie  the  brachial  artery.  For  the  accomplishment  of  this  step  Fara- 
beuf's  directions  cannot  be  improved  upon.  He  directs  that  the  aponeurosis 
of  the  coraco-brachialis  be  divided  by  a  long  cut  made  with  the  point  of  the 
knife.  Through  this  incision  the  left  index  finger  is  passed,  first  inward  and 
then  behind  the  muscle,  which  is  lifted  up  from  the  humerus  and  divided  trans- 
versely.    The  upper  half  of  the  muscle  is  now  retracted  and  the  vessels  and 
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nerves  are  thus  brought  into  \'iew.  The  posterior  circumflex  will  be  seen  en- 
tering the  quadrilateral  space,  on  a  level  with  the  lower  border  of  the  subscapu- 
laris  muscle.  **  The  brachial  is  next  tied  below  it.  The  posterior  obhque  incision  is 
then  dee[)ened  by  cutting  through  the  deltoid  down  to  the  posterior  border  of  the 
axilla.  (Fig.  142.)  The  joint  can  now  be  readily  exposed,  and  the  capsular  liga- 
ment di\ided.  (Fig.  143.)  The  limb  is  seized  at  the  elbow  and  brought  close  to 
the  side,  so  as  to  expose  the  superior  attachment  of  the  ligament.  \Mien  this 
has  been  done  and  the  ligament  has  been  di\'ided,  the  humerus  is  rotated  out- 
ward, the  anterior  insertion  is  di^^ded,  and  then  inward  rotation  is  made  and  the 
internal  attachment  severed.  In  this  manner  disarticulation  is  readily  accom- 
plished. Nothing  now  remains  but  to  unite  the  extremities  of  the  oblique  in- 
ci.sions  and  thus  free  the  limb  completely.  The  nerves  in  the  stump  are  cut 
high  up  and  the  wound  closed  vertically  by  a  series  of  interrupted  silkworm-gut 
sutures.     A  dramage  tube  should  be  inserted. 

2.  Dupuytrefis  O-peration. — The  patient's  shoulders  should  be  elevated  and 
the  arm  held  horizontally  at  a  right  angle  to  the  body.  An  incision  is  begun  at 
the  coracoid  process  and  carried  do\Miward  and  outward  in  a  curved  direction 
to  the  insertion  of  the  deltoid,  from  which  point  it  is  then  carried  upward  (also 
in  a  curved  direction)  and  backward  imtil  it  reaches  the  junction  of  the  acromion 
process  with  the  spine  of  the  scapula.  This  outUnes  a  U-shaped  flap.  The  in- 
cision involves  only  the  skin.  The  muscle  is  then  cut  in  the  line  of  the  skin  in- 
cision, and  the  flap  thus  formed  is  dissected  up.  When  this  has  been  done  the 
flap  is  drawn  upward  by  an  assistant,  so  as  to  bring  the  joint  into  view\  Dis- 
articulation is  effected  in  the  usual  maimer.  A  transverse  incision  di\'iding 
the  tissues  on  the  inner  aspect  of  the  arm  is  next  made.  The  axillary  ves- 
sels will  be  cut  by  this  incision,  and  should,  as  a  matter  of  course,  be  com- 
pressed before  it  is  made,  and  secured  as  soon  as  they  are  severed.  In  addition 
to  these  vessels  the  posterior  circumflex  and  a  number  of  muscular  branches  will 
be  diA-ided  in  the  external  flap.  The  wound  is  closed  in  the  usual  manner  with  a 
series  of  interrupted  silkworm-gut  sutures,  and  a  drainage  tube  is  introduced. 

3.  Combined  Circular  and  Vertical  Method. — In  this  operation  the  arm  is 
held  at  a  right  angle  to  the  body,  and  a  circular  incision,  begun  at  the  insertion 
of  the  deltoid  muscle,  is  carried  around  it.  This  incision  involves  only  the  skin 
and  .subcutaneous  tissues.  A  cuff  of  skin  is  dissected  up  and  turned  back,  and 
the  muscles  are  di^-ided  circularly  to  the  bone  at  a  distance  of  an  inch  or  an 
inch  and  a  half  above  the  level  of  the  skin  incision.  The  blood-vessels  are 
secured  and  tied.  Up  to  this  point  the  operation  in  every  way  resembles  a 
circular  amputation,  with  the  exception  that  the  bone  is  left  unsa's\-n  to  act  as  a 
lever  in  the  subsequent  steps  of  the  operation.  A  vertical  incision  is  now  made 
on  the  outer  non-vascular  aspect  of  the  arm,  extendmg  from  the  circular  incision 
to  the  acromion  process,  or  preferably  the  reverse,  as  it  is  easier  to  cut  from 
above  downward  than  from  below  upward.     This  incision    penetrates  to  the 
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bone,  which  is  now  cleared  internally  and  externally  by  careful  dissection. 
The  humerus,  when  it  has  been  freed  of  all  muscular  attachments,  is  used  as  a 
lever,  is  rotated,  its  capsular  ligament  is  opened,  and  all  attachments  are  severed 
— in  a  word,  disarticulation  is  accomplished.  The  wound  is  closed  by  inter- 
rupted sutures  which  approximate  both  the  circular  and  the  vertical  flaps. 
Drainage  should  be  employed. 

For  the  occasional  operator,  or  when  the  conditions  are  such  as  to  make 
rapid  completion  of  the  operation  imperative,  we  consider  this  operation  un- 
questionably better  than  any  of  the  others  described.  It  is  simple,  easy  of  exe- 
cution, and  offers  a  certain  means  of  safeguarding  against  hemorrhage.  The 
stump  which  results  from  it,  however,  is  not  so  shapely  as  that  which  is  ob- 
tained after  some  other  methods. 

4.  Amputation  Above  the  Shoulder  Joint — the  Interscapulo-thoracic  Method. 
(Fig.  145.) — Removal  of  the  arm  together  with  the  scapula  and  the  outer  two- 
thirds  of  the  clavicle  may  be  required  for  malignant  disease  (particularly  sarcoma) 
affecting  the  head  of  the  humerus  and  the  glenoid  cavity.     The  operation  may 

also  be  required  in  cases  of  severe 
traumatism,  particularly  such  as 
may  be  sustained  in  gunshot 
wounds.  Although  the  cutaneous 
incision  may  require  modification, 
to  meet  various  requirements  pro- 
duced by  the  nature  of  the  injury, 
the  double-flap  method  elaborated 
by  Paul  Berger  may  be  taken  as 
the  model  procedure,  meeting,  as 
it  does,  practically  all  the  con- 
tingencies which  may  arise.  In 
this  operation  two  flaps  are  cut — 
an  anterior-inferior  or  pectoro-axil- 
lary,  and  a  posterior  superior  or  cervico-scapular.  The  steps  of  the  operation 
are  as  follows: 

1.  Resection  of  a  portion  or  the  whole  of  the  clavicle  and  ligation  of  the  sub- 
clavian vessels. 

2.  Cutting  the  anterior  flap  and  severing  the  brachial  plexus. 

3.  Cutting  the  posterior  flap. 

4.  Removal  of  the  extremity. 

Instruments:  amputating  knife,  large  scalpels,  hand  saw,  Gigli  saw,  chain 
saw  or  keyhole  saw,  bone  forceps,  lion-jaw  forceps,  a  dozen  haemostatic  forceps, 
dissecting  forceps,  periosteal  elevator,  scissors,  large  needles,  curved  and  straight, 
blunt  hook,  and  retractors.  The  patient  is  placed  on  his  back,  close  to  the  edge 
of  the  table,  and  the  shoulders  are  elevated  by  a  cushion  placed  beneath  them. 


Fig.  145. — Interscapulo-Thoracic  Amputation. 
(From  Treves'  "Operative  Surgery.") 
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The  shoulder  of  the  affected  side  should  be  free  from  the  table.  The  arm  is  held 
a  short  distance  from  the  trunk  by  an  assistant.  The  surgeon,  with  two  other 
assistants,  stands  at  the  outer  side  of  the  hmb,  and  makes  an  incision  along 
the  cla\icle,  commencing  at  the  outer  border  of  the  stemo-mastoid  muscle  and 
terminating  just  beyond  the  acromio-cla\dcular  joint.  This  incision  should 
di^^de  all  the  structures  doWTi  to  the  bone.  The  periosteum  is  next  di\'ided  and 
raised  from  the  bone  with  the  periosteal  elevator — first  from  the  convex  sur- 
face of   the  bone,  then  from  the  superior  surface,  and  finally,  and  with  great 


'T^p  of  conooi<S 


abort  head  ot  bieepa  m. 


Pectcolis  nu^  9i 


Fig.  146. — Disarticulation  at  the  Shoulder  by  the  Racquet  Incision.  The  incision  is  made  along 
the  anterior  edge  of  the  deltoid,  commencing  above  the  coracoid  process,  which  is  exposed  along  ■with 
the  origins  of  the  short  head  of  the  biceps  and  the  coraco-brachialis.  The  anterior  border  of  the  deltoid 
has  been  di^-ided  where  it  covers  the  coracoid,  and  the  pectoralis  major  and  deltoid  are  separated  and 
divided  lower  down.  The  long  head  of  the  biceps  is  exposed,  along  which  the  incision  is  carried  down 
to  the  bone.     (From  Kocher's  "Operative  Surgerj.") 


care,  from  the  posterior  surface.  TMien  this  is  done,  a  blunt  hook  is 
passed  behind  the  bone,  and  traction  is  made  upon  it  by  an  assistant,  who 
thus  pulls  it  forward  so  that  the  surgeon  may  more  readily  saw  through  it.  The 
line  of  section  is  at  the  junction  of  the  iimer  with  the  middle  third.  At  first 
the  hand  saw  may  be  used,  but,  to  complete  the  di\'ision  of  the  bone,  the  Gigli, 
keyhole,  or  chain  saw  should  be  employed.  The  divided  bone  is  now  seized 
with  the  lion-jaw  forceps  and  pulled  forv\ard,  and  is  again  saXMi  through  at  the 
junction  of  the  middle  and  outer  thirds.  Any  remaining  adherent  periosteum 
should,  of  course,  be  freed  before  the  second  division  is  commenced.     'VVTien 


310  AMERICAN  PRACTICE  OF  SURGERY. 

the  middle  third  of  the  clavicle  is  removed  the  subclavius  muscle  will  be  ex- 
posed, and  is  then  to  be  cut  away  so  as  to  bring  the  subclavian  vessels  into  view. 
In  case  of  malignant  disease  we  believe  it  is  better  to  remove  the  clavicle  in 
its  entirety  than  to  resect  the  middle  third  in  the  manner  just  described.  The 
vessels  are  now  tied  with  two  ligatures,  and  are  divided  between  them,  the 
artery  being  tied  first  and  then  the  vein.  The  arm  is  next  abducted,  and  the 
operator  takes  his  place  at  its  inner  side.  He  begins  an  incision  at  the  centre  of 
the  clavicular  incision  and  carries  it  downward  and  outward,  parallel  with,  but 
slightly  external  to,  the  groove  marking  the  interval  between  the  pectoralis 
major  and  deltoid  muscles,  until  he  reaches  the  junction  of  the  arm  with  the 
anterior  axillary  fold,  at  which  point  he  carries  it  transversely  across  the  axilla 
from  the  tendon  of  the  pectoralis  major  to  that  of  the  latissimus  dorsi  and  teres 
major.  From  this  point  the  incision  is  completed  by  carrying  it  downward  and 
inward  to  the  middle  of  the  posterior  surface  of  the  angle  of  the  scapula.  This 
extensive  incision  involves  only  the  skin  and  subcutaneous  tissues.  While  it  is 
being  fashioned  an  assistant  manipulates  the  arm  so  as  to  facilitate  the  work  of 
the  surgeon.  The  incision  is  now  deepened  and  the  pectoralis  major  and  the 
pectoralis  minoi*  are  divided — the  former  close  to  its  tendon,  and  the  latter 
near  to  its  insertion  on  the  coracoid  process.  The  brachial  plexus  is  next  cut 
through,  and  then  the  shoulder  may  easily  be  drawn  outward  from  the  body, 
rendering  it  easier  for  the  knife,  cutting  from  above  downward,  to  complete  dis- 
section. The  long  thoracic  artery  should  next  be  ligated  and  the  latissimus  dorsi 
divided.  The  inferior  angle  of  the  scapula,  covered  with  muscles,  will  then  be 
brought  into  view.  After  this  has  been  accomplished,  the  surgeon  will  be  ready 
to  begin  the  third  step  of  the  operation,  viz.,  to  cut  the  posterior  flap.  An 
assistant  brings  the  arm  to  the  side  of  the  body  again  and  lifts  up  the  trunk,  so 
that  the  operator  may  fashion  his  posterior  incision.  (Fig.  147.)  The  operator 
should  stand  at  the  outer  side  of  the  limb  again  and  trace  an  incision  from  the 
external  extremity  of  the  primary  clavicular  incision  downward  by  the  shortest 
route  to  the  inferior  angle  of  the  scapula,  making  it  join  the  termination  of  the 
anterior-flap  incision.  This  posterior  incision,  which  at  first  involves  only  the 
integument,  is  deepened  by  rapid  dissection  until  the  flap  includes  all  the  tis- 
sues superficial  to  the  subspinous  fossa.  The  trapezius  is  freed  from  the  clavi- 
cle and  the  spine  of  the  scapula  so  that  it  may  be  dissected  up  from  the  supraspi- 
nous fossa.  An  assistant  retracts  it,  together  with  the  other  tissues  of  the  poste- 
rior flap.  The  remainder  of  the  operation  consists  in  freeing  the  scapula  from 
the  trunk.  An  assistant  retracts  the  flaps  and  makes  pressure  at  the  superior 
portion  of  the  posterior  one  so  as  to  occlude,  if  possible,  the  posterior  scapular 
vessels.  The  surgeon,  standing  at  the  outer  side  of  the  left  arm,  and  to  the  inner 
side  of  the  right,  makes  strong  traction  upon  the  member,  thereby  drawing  out 
the  superior  and  spinal  margins  of  the  scapuljc.  The  muscles  retaining  the  bone 
— namely,  the  omo-hyoid,  the  levator  anguli  scapulae,  the  rhomboids,  and  the 
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serratus  magnus — are  now  diA^ided.  The  upper  extremity  is  thus  entirely 
liberated  from  the  trunk.  The  suprascapular  and  posterior  scapular  arteries 
will  require  hgation.  In  the  early  steps  of  the  operation  there  is  not  much 
bleeding,  o\N-ing  to  the  fact  that  the  subclavian  has  been  ligated.     The  flaps 


■  TransTere.  coUi  £. 


Omohyoid  m. 

^natus  mag.  m. . 


^__.^ub3capul»ria  m. 
Deltoid  m. 
Concoid  proens. 


AzilUiy  a.  uMi  T. 


^ 


Fig.  147. — Disarticulation  of  Arm  and  Shoulder  Girdle.  Anterior  incision,  followed  by  division 
of  cla^•icle,  pectorals,  main  vessels,  and  brachial  plexus.  The  chest  wall  is  seen  on  the  left :  the  anterior 
aspect  of  the  scapula  covered  by  the  subscapularis  occupies  the  floor  of  the  wound.  (From  Kocher's 
"Operative  Sui^erj-.") 


formed  in  this  operation  are  nearly  equal  in  size  and  have  about  the  same  shape. 
They  are  to  be  united  by  a  series  of  silkworm-gut  sutures  after  drainage  has  been 
furnished.  Last  of  all,  an  abundant  dressing  is  applied  and  is  secured  by  a 
firm  bandage.* 

*  LeConte,  of  Philadelphia,  has  advised  complete  excision  of  the  clavicle  instead  of 
dividing  it  at  the  junction  of  middle  and  inner  thirds.  Certainly  his  point  is  well  taken  in 
sarcoma  of  the  bones.  We  also  agree  with  him  that  it  should  be  as  safe  as  dividing  the  bone  and 
can,  perhaps,  be  done  more  quickly.  The  objection  that  the  large  veins  are  more  likely  to  be 
injured  in  a  complete  excision  does  not  seem,  necessarily,  well  taken. 
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Amputations  of  the  Lower  Extremity. 


General  Remarks. — While  the  rule  of  making  the  most  distal  operation 
formerly  obtained,  the  Writers  beHeve  that  at  the  present  day  the  interests 
of  the  patient  are  just  as  frequently  subserved  by  departing  from  this  hard-and- 
fast  dictum.  The  manufacturers  of  prosthetic  apphances  have  made  so  many 
improvements  in  their  specialty  that  many  an  amputation  formerly  practised 
with  reason  should  now  be  regarded  as  obsolete.  This  is  particularly  true  of 
many  of  the  amputations  of  the  foot,  where  the  stumps  obtained  by  the  ''classic" 
operations  of  Chopart,  Hey,  Symes,  and  Pirogoff  are  regarded  by  some  surgeons 
as  being  inferior  to  a  properly  executed  amputation  in  the  lower  third  of  the 
leg.  However,  prosthetic  apphances  suited  to  the  preceding  operations,  espe- 
cially that  of  Syme,  are  extant  and  are  indeed  serviceable. 

Amputations  of  the  Toes. — In  the  four  lesser  toes  but  little  good  is  accom- 
plished by  saving  any  portion  of  them  in  a  formal  amputation,  since  the  heads 
of  the  phalanges  are  large  and  may  become  a  detriment  to  a  useful  stump. 
They  constitute  a  comparatively  Hmited  supporting  force  of  the  foot.  In  the 
great  toe,  however,  conditions  are  entirely  difTerent,  and  no  portion  of  this 
digit  should  be  sacrificed  which  can  be  retained  by  judicious  surgery. 

Surgical  Anatomy. — The  line  of  the  metatarso-phalangeal  joints  is  a  curved 
one,  the  convexity  being  directed  anteriorly.  (Fig.  148.)  The  metatarso-pha- 
langeal joint  of  the  great  toe  may  be  palpated  upon  the 
inner  aspect  of  the  foot,  about  one  inch  behind  the  web, 
and  that  of  the  third  toe  is  situated  at  the  same  level. 
The  corresponding  joint  of  the  second  toe  is  one-eighth  of 
an  inch  in  front  of  the  hne,  that  of  the  fourth  toe  one- 
eighth  of  an  inch  behind  it,  and  that  of  the  fifth  metatarso- 
phalangeal joint  almost  half  an  inch  behind  it.  The  knuc- 
kles of  the  toes  are  formed  by  the  heads  of  the  proximal 
bones.  The  metatarso-phalangeal  joints  are  each  provided 
with  two  lateral  ligaments  and  a  glenoid  (anterior)  hga- 
ment.  The  latter  structures  are  marked  upon  the  plantar 
surface  of  the  joint  and  support  the  heads  of  the  metatarsal 
bones.  These  glenoid  hgaments  are  more  closely  associated 
with  the  bases  of  the  first  phalanges  than  with  the  heads  of 
the  metatarsal  bones,  and  are  attached  to  the  fibrous 
sheaths  of  the  flexor  tendons  of  the  toes.  These  fibrous 
sheaths  should  be  carefully  closed  whenever  divided,  to  prevent  any  possible 
infection.  The  glenoid  ligament  of  the  metatarso-phalangeal  joint  of  the  great 
toe  contains  two  sesamoid  bones  which  rest  in  grooves  upon  the  head  of  the  first 
metatarsal  bone. 

The  instruments  required  are  stout  scalpels  with  blades  from  one  to   two 


Fig.  148.— Bones  of 
the  Foot.  (From  Treves' 
' '  Operative  Surgery. ") 
AA,  Line  of  Lisfranc'a 
amputation. 
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Fig.  149. — DLsarticulation  of  the 
Last  Phalanx  of  the  Great  Toe  by 
a  Large  Plantar  Flap.  (From 
Treves'  "Operative  Surgery.") 


inches  in  length,  a  fine  keyhole  or  Butcher's  saw,  bone  forceps,  dissecting  for- 
ceps, hiemostats,  tape  retractors,  scissors,  and  needles. 

Amputation  through  the  Terminal  Phalanx  of  the  Great  Toe.— This 
operation  should  always  be  performed,  if  practicable,  in  preference  to  disar- 
ticulation of  the  terminal  (first  surgical)  phalanx,  since  the  joint  is  not 
trespassed  upon  nor  are  the  insertions  of  the  flexor  and  extensor  tendons 
sacrificed.  The  toe  is  held  between  the  thumb 
and  fingers  of  the  operator's  left  hand,  the 
thumb  being  in  contact  with  the  pulp  of  the  toe, 
and  the  index  and  middle  fingers  resting  upon  the 
nail  The  knife  is  inserted  just  in  front  of  the  head 
of  the  first  phalanx  (surgical)  at  right  angles  to 
the  toe,  and  a  plantar  flap  is  fashioned  by  cutting 
around  the  tip  of  the  toe  to  a  point  directly  oppo- 
site to  that  of  starting,  the  incision  being  paraUel 
to  the  phalanx,  rather  nearer  the  dorsal  than  the  plantar  surface,  and  extend- 
ing do^Mi  to  the  bone.  If  this  flap  be  properly  formed  the  plantar  digital 
arteries  \N-ill  not  be  di\Tded,  but  vdU  be  retained  m  the  flap  together  with  then- 
anastomoses.  TMiile  the  assistant  draws  the  toe  upward  (toward  the  leg),  the 
operator  holds  the  flap  'with  the  thumb  and  fingers  of  the  left  hand  and  dis- 
sects it  from  the  phalanx,  keeping  as  close  as  possible  to  the  bone.  The  toe  should 
now  be  flexed  and  the  extremities  of  the  first  incision  united  by  a  dorsal  cut 
extending  to  the  bone.  The  latter  incision  di\'ides  the 
dorsal  digital  vessels,  but  these  are  so  small  that  they 
usually  require  no  attention.  The  soft  parts  are  now  for- 
cibly retracted  and  the  bone  di^^ded,  as  far  back  as  possible, 
by  a  fine  key-hole  or  metacarpal  saw.  The  resulting  scar 
'will  be  situated  upon  the  dorsum  of  the  toe. 

Disarticulation  of  the  Terminal  Phalanx  of  the  Great 
Toe. — AMien  the  preceding  amputation  is  impossible,  tliis 
operation  is  performed  in  an  analogous  maimer,  use  being 
again  made  of  a  long  plantar  flap.  The  toe  is  held  as  be- 
fore, but  in  making  the  first  incision  the  knife  is  intro- 
duced a  trifle  behind  and  al30ve  the  head  of  the  second 
phalanx  (surgical),  (Fig.  149.)  "\tMien  the  flap  is  reflected 
the  knife  should  hug  the  bone,  to  avoid  woimding  the  plantar 
digital  vessels  which  are  in  immediate  proximity  to  the  plantar  aspect  of  the 
inteiphalangeal  joint.  Wlien  the  glenoid  ligament  is  reached  it  should  be 
diA-ided  at  right  angles  by  cutting  toward  the  base  of  the  terminal  phalanx.  In 
this  way  the  joint  is  opened.  The  toe  should  next  be  flexed,  and  upon  the  dor- 
sum there  should  be  made  a  transverse  incision  which  diAides  the  extensor  tendon 
and  enters  the  articulation.     The  toe  is  now  extended  and  the  internal  lateral 


Fig.  150. — Disartic- 
ulation of  the  Great 
Toe  by  Internal  Plan- 
tar Flap:  The  Result- 
ing Stump.  (After 
Farabeuf ,  from  Treves' 
"Operative  Surgen.-.") 
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Fig.  151. — Amputation  of  the  Great  Toe  to- 
gether with  a  Part  of  the  Corresponding  Meta- 
tarsal Bone.  Long,  racquet-shaped  incision  on 
the  inner  aspect  of  the  foot.      (Farabeuf.) 


ligament  divided,  and  the  member  then  drawn  imvard  to  faciUtate  the  divis- 
ion of  the  external  lateral  ligament.  Both  of  these  structures  should  be  di- 
vided from  without  inward  to  avoid  wounding  the  plantar  digital  vessels.  As 
before,  the  resulting  cicatrix  will  be  placed  upon  the  dorsum  of  the  toe. 

In  neither  this  nor  the  preceding  amputation  should  the  plantar  flap  be  made 

by  transfixion,  since  this  procedure  en- 
dangers the  vessels  and  renders  the 
accurate  formation  of  the  flaps  im- 
possible. 

Disarticulation  of  the  Great  Toe  at 
the  Metatarso-phalangeal  Joint.  (Fig. 
150.) — The  best  method  of  disarticula- 
tion is  undoubtedly  that  by  means  of 
an  internal  flap  (Farabeuf),  since  the 
wound  left  by  this  operation  drains  well 
and  since  the  cicatrix  is  most  advantageously  placed.  It  is  well  to  save  the  base 
of  the  last  (surgical)  phalanx,  if  possible,  since  the  muscles  attached  here  materi- 
ally strengthen  the  sole  of  the  foot.  The  surgeon  should  be  seated  to  the  inner 
side  of  the  foot.  Grasping  the  toe  with  the  thumb  and  fingers  of  the  left  hand 
he  ^ould  make  the  incision  through  the  skin  only,  commencing  at  the  meta- 
tarso-phalangeal  joint,  at  the  junction  of  the  dorsal  and  internal  surfaces  of 
the  digit,  and  continuing  the  incision  along  the  inner  side  of  extensor  tendon 
to  a  point  near  the  interphalangeal  joint.  The 
incision  is  now  carried  downward  over  the  inter- 
nal to  the  plantar  surface,  which  it  traverses  in 
a  slight  curve  to  a  point  near  the  web,  the  toe 
being  drawn  inward  while  the  plantar  incision  is 
being  made.  The  knife  is  next  introduced  at  the 
dorsal  surface  of  the  web  and  the  incision  is  com- 
pleted by  cutting  in  a  straight  fine  to  the  point  of 
starting.  The  incision  is  now  deepened  through- 
out, directly  down  to  the  bone.  The  flexor  tendon 
should  be  divided  as  high  up  as  possible,  and  this 
is  best  accomplished  by  forcibly  extending  the  toe 
while  the  plantar  incision  is  deepened.  The  soft 
parts  are  then  dissected  away,  great  care  being 
taken  that  the  knife  hug  the  bone.  Wlien  the 
glenoid  ligament  is  exposed  it  should  be  divided  transversely  upon  the  base 
of  the  last  (surgical)  phalanx,  thus  opening  the  joint.  The  ligament,  with  the 
sesamoid  bones,  should  be  left  in  the  stump.  The  amputation  is  completed  by 
dividing  the  lateral  ligaments  and  the  extensor  tendon.  The  sheath  of  the 
flexor  tendon  should  be  carefully  closed  by  one  or  more  sutures  of  fine  catgut. 


-B 


Fig.  152. — Amputation  of  Toes. 
(From  Treves'  "Operative  Sur- 
gery.") A,  Disarticulation  of  the 
second  phalanx  of  a  toe  by  the 
racquet  or  oval  incision;  B,  dis- 
articulation of  the  great  toe  by 
the  racquet  or  oval  incision. 
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Fig.  153. — Dubreuil's 
Operation  for  the  Re- 
moval of  All  the  Toes. 
(From  Treves'  "Opera- 
tive Surger>'.") 


The  two  plantar  digital  arteries  should  be  secured;  one  will  be  found  in  the 
web,  while  the  other  is  at   the  extremity  of  the  flap. 

Disarticulation  of  any  of  the  Lesser  Toes  at  the  Metatarso-phalangeal  Joints. 
— The  racquet  incision  is  the  one  usually  employed.  The  adjacent  toes  should  be 
retracted  by  the  assistant  'uith  sterile  tapes  or  bandages.  The  surgeon,  seated 
directly  in  front  of  the  foot,  grasps  the  toe  "sxith  the 
thumb  and  fingers  of  the  left  hand  and  inserts  the  knife 
almost  half  an  inch  behind  the  metatarso-phalangeal  joint, 
in  the  median  line  of  the  dorsal  surface.  The  incision  is 
carried  directly  forward  to  the  centre  of  the  last  (sur- 
gical) phalanx  and  then  encircles  the  toe  to  form  the 
racquet,  the  convexity  of  wliich  should  be  just  behind 
the  web.  The  joint  should  be  opened  from  the  plantar 
surface  by  cutting  through  the  glenoid  (plantar)  hgament 
in  the  manner  described  in  the  pre\ious  sections  relating 
to  amputations.  The  sheath  for  the  flexor  tendons  should 
be  closed  in  the  usual  manner. 

In  disarticulating  the  little  toe  the  handle  of  the  racquet 
should  be  placed  to  the  inner  side  of  the  extensor  tendon, 
so  that  the  cicatrix  shall  be  well  out  of  the  way  and  pro- 
tected by  the  fourth  toe. 
In  disarticulating  two  contiguous  toes  the  handle  of  the  racquet  should  be 
placed  between   them.     The   toes  are  disarticulated  separately,   the   tendon 
sheaths  closed,  and  the  wound  sutured  in  the  usual  manner. 

Disarticulation  of  all  the  Toes  at  the  Metatarso-phalangeal  Joints.  (Figs. 
153  and  154.) — The  importance  of  this  operation  is  almost  wholly  of  a  theoretical 
nature.  It  is  rarely  called 
for  in  actual  practice  and  it 
is  difficult  to  pro\dde  a  flap 
of  sufficient  size  to  cover  the 
large  head  of  the  first  meta- 
tarsal bone.  The  best  meth- 
od is  that  which  calls  for 
short  dorsal  and  long  plantar 
flap)s,  although  Dubreuil  ad- 
vocates an  additional  U- 
shaped  flap  from  the  inner 
side  of  the  great  toe.  With 
the  foot  everted,  the  incision 
is  commenced  just  over  the 
metatarso-phalangeal  joint  of  the  great  toe  and  carried  directly  forward,  midwaj' 
between  the  plantar  and  dorsal  surfaces,  until  the  middle  of  the  first  (anatomical) 


a  b 

Fig.  154. — Simultaneous  Disarticulation  of  All  the  Toes 
of  One  Foot.  (After  Farabeuf.)  a,  Condition  of  the  stump 
after  the  flaps  have  been  pressed  down  over  the  gaping  wound ; 
6,  condition  after  the  flaps  have  been  stitched  together. 
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phalanx  of  the  great  toe  is  reached.  The  assistant  now  extends  the  foot  and  flexes 
the  toes  shghtly  while  the  operator  continues  the  incision  transversely  over  the 
dorsum  of  the  first  (anatomical)  phalanx  of  the  great  toe  and  then  follows  the  line 
of  the  web,  successively  separating  the  contiguous  toes  with  the  fingers  of  the 
left  hand  until  the  dorsum  of  the  Httle  toe  is  reached,  when  the  incision  is  car- 
ried backward  along  the  outer  margin  of  the  little  toe  to  terminate  at  the  meta- 
tarso-phalangeal  joint.  (Fig.  153.)  The  dorsal  flap  thus  outlined  is  now  dissected 
back,  the  assistant  manipulating  the  toes  and  thus  leaving  the  surgeon's  left 
hand  free  to  hold  the  flap,  which  should  contain  all  of  the  tissues  down  to  the 
extensor  tendons.  When  half  of  the  flap  has  been  raised  the  extensor  tendons 
should  be  divided,  the  assistant  successively  extending  each  toe  to  facilitate  the 
division  of  each  tendon  at  the  highest  point.  The  dissection  should  be  continued 
until  the  metatarso-phalangeal  joints  have  been  exposed.  The  operator  then 
holds  the  toes  extended  and  makes  the  plantar  flap  by  joining  the  distal  ex- 
tremities of  the  two  lateral  incisions  by  a  transverse  cut  which  follows  the 
creases  between  the  toes  and  the  sole,  exposing  the  flexor  tendons.  The 
assistant  now  takes  charge  of  the  toes  and,  when  half  of  the  plantar  flap  has 
been  dissected  back,  he  extends  them  to  enable  the  operator  to  divide  the 
flexor  tendons  high  up.  The  dissection  of  the  soft  parts  is  continued  until  the 
line  of  the  joints  has  been  exposed.  The  flaps  are  now  strongly  retracted,  the 
joints  are  opened  upon  the  dorsum,  and  the  lateral  ligament  of  the  joint  upon 
the  operator's  right  side  is  divided.  The  toes  are  next  extended  and  the  joints 
opened  upon  the  plantar  aspect,  care  being  taken  to  preserve  the  glenoid 
(plantar)  ligaments.  Complete  disarticulation  is  now  effected  from  right  to 
left. 

After  the  sheaths  of  the  flexor  tendons  have  been  closed  by  sutures  of  fine 
catgut,  the  plantar  digital  arteries  in  the  plantar  flap  are  ligated.  The  dorsal 
digital  arteries  in  the  dorsal  flap  rarely  require  attention. 

Amputation  of  All  the  Toes  together  with  the  Heads  of  the  Metatarsal 
Bones. — Although  this  amputation  partly  removes  the  anterior  supporting 
points  of  the  foot,  it  is  frequently  demanded  in  surgical  practice  and  is  a  most 
useful  procedure.  The  best  method  is  that  which  utilizes  a  long  plantar  and 
a  short  dorsal  flap.  The  line  of  section  of  the  metatarsal  bones  should  be  a 
curved  one,  approximately  parallel  with  the  line  of  the  web. 

The  surgeon  sits  in  front  of  the  foot,  which  he  maintains  in  a  position  of 
forced  flexion  with  his  left  hand.  In  operating  upon  the  left  foot  he  inserts 
the  knife  at  the  inner  margin,  midway  between  the  plantar  and  dorsal  surfaces, 
just  behind  the  point  of  proposed  division  of  the  first  metatarsal  bone.  The 
incision  is  carried  directly  forward  until  it  reaches  the  crease  between  the  great 
toe  and  the  sole,  and  then  curves  across  the  sole  just  behind  the  web  until  the 
outer  surface  of  the  little  toe  is  reached.  From  this  point  it  is  continued  di- 
rectly backward,  midway  between  the  plantar  and  dorsal  surfaces,  and  ter- 
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minates  at  a  point  just  posterior  to  the  site  of  the  proposed  di\'ision  of  the  fifth 
metatarsal  bone.  The  assistant  now  takes  charge  of  the  foot,  which  is  still 
maintamed  in  a  position  of  forced  flexion,  and  the  operator  uses  his  left  hand 
to  hold  the  flap,  which  he  dissects  backward.  As  soon  as  the  dissection  has  been 
well  started,  the  flexor  tendons  should  be  di\'ided  as  high  up  as  possible,  this 
step  being  facilitated  by  the  assistant,  who  forcibly  extends  the  toes.  The 
plantar  flap  should  contain  all  the  tissues  down  to  the  bones. 

With  the  foot  extended,  a  short  dorsal  flap  is  now  fashioned  by  making  a 
dorsal  incision  parallel  ^\'ith  the  plantar  cut  and  about  one  inch  in  advance  of  its 
termination.  All  the  tissues  are  included  down  to  the  bone,  and  the  extensor 
tendons  are  di^^ded  as  soon  as  the  dissection  of  the  flap  has  been  well  com- 
menced. The  mterossei  muscles,  embracing  the  metatarsal  bones,  are  now- 
cleanly  di\-ided  at  the  sites  of  proposed  section  and  the  flaps  retracted  well 
out  of  the  way.  Each  bone  should  then  be  separately  diA-ided  from  the  dorsal 
aspect  by  a  narrow  saw,  the  line  of  section  of  all  the  bones  being  made  parallel 
to  the  line  of  the  web.  The  four  plantar  digital  arteries  in  the  plantar  flap 
opposite  to  the  interosseous  spaces  should  now  be  secured  by  ligatures.  The 
plantar  digital  vessel  to  the  inner  side  of  the  first  metatarsal  bone  and  the  one  to 
the  outer  side  of  the  fifth  metatarsal  may  also  require  attention.  The  corre- 
sponding vessels  in  the  dorsal  flap  should  next  be  inspected,  but  the  onh-  one 
usually  requiring  a  Ugature  is  the  first  dorsal  interosseous  artery  which  is  di\'ided 
opposite  to  the  first  interosseous  space. 

Partial  Amputations  of  the  Foot. — Under  this  head  will  be  considered  the 
disarticulation  of  the  great  toe  and  Uttle  toes,  \\ith  their  respective  meta- 
tarsal bones;  Lisfranc's  amputation  with  its  modifications:  Chopart's  amputa- 
tion;  Syme's  amputation ;   and  Pirogoff's  amputation  with  its  modifications. 

DlSARTICULATIOX    OF   THE    GrEAT   ToE,    TOGETHER    WITH    ITS    METATARSAL 

Bone. — The  instruments  required  in  this  operation  are  the  foUo^Ning:  One 
stout  knife  with  a  blade  three  inches  in  length,  a  scalpel,  narrow  retractors,  lion- 
jaw  forceps,  dissecting  forceps,  haemostats,  scissors,  and  needles. 

The  lanceolate  or  racquet  incision  should  be  employed.  (Figs.  151  and  155.) 
The  first  tarso-metatarsal  joint  will  be  found  one  inch  in  advance  of  the  tubercle  of 
the  na\icular  bone.  The  toe  is  grasped  in  the  left  hand  and  the  knife  is  inserted 
at  the  inner  border  of  the  foot  just  anterior  to  the  line  of  the  tarso-metatarsal 
joint.  The  incision  is  carried  upward  and  outward  until  it  reaches  the  centre  of 
the  dorsal  surface  of  the  metatarsal  bone.  It  is  then  continued  directly  for- 
ward in  the  median  line  of  the  dorsum  and  to  the  inner  side  of  the  tendon 
of  the  extensor  proprius  hallucis.  At  the  middle  of  the  metatarsal  bone 
the  cut  gradually  slopes  to  the  web;  it  then  traverses  the  plantar  surface  in 
the  groove  between  the  toe  and  the  sole  and  finally  curves  around  the  outer 
surface  of  the  toe  to  join  the  dorsal  incision  at  the  middle  of  the  metatarsal  bone. 
Tlie  dorsal  incision  is  now  deepened  and  the  tendons  of  the  extensor  poUicis 
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Fig.  155. — Partial  Amputations  of  the  Foot.  (After 
Treves).  A,  Disarticulation  of  the  great  toe,  together 
with  its  metatarsal  bone,  by  the  oval  or  the  racquet 
incision;  B,  subastragaloid  amputation  by  heel  flap. 


longus  and  extensor  brevis  digitorum  are  divided  close  to  the  tarso-meta- 
tarsal  joint.  The  soft  tissues  are  next  to  be  separated  from  both  sides  of  the 
bone,  particular  care  being  taken  not  to  wound  the  communicating  branch  of 
the  dorsalis  pedis  artery,  which  passes  between  the  first  and  second  metatarsal 

bones  to  reach  the  sole.  This  dis- 
section is  greatly  facilitated  by  the 
assistant  who  manipulates  the  toe, 
thus  leaving  the  left  hand  of  the 
operator  free  to  push  aside  the  tis- 
sues. While  the  assistant  extends 
the  toe,  the  surgeon  cuts  the  flexor 
tendons  and  clears  away  the  tissues 
from  the  plantar  aspect  of  the 
bone  until  the  joint  is  well  exposed. 
The  sesamoid  bones  remain  in  the 
stump.  The  joint  is  now  opened 
from  the  dorsum  and  also  upon  the 
outer  and  inner  sides.  The  opera- 
tor again  takes  the  toe  in  his  left  hand,  divides  the  strong  plantar  ligament 
and  any  fasciculi  which  have  previously  escaped,  and  frees  the  bone  by  divid- 
ing the  tendons  of  the  peroneus  longus  and  tibialis  anticus.  The  sheath  of  the 
flexor  tendon  is  closed  by  fine  catgut  sutures,  the  tendon  having  been  first 
retracted  high  up.  The  arteries  requiring  attention  are:  the  dorsal  digital 
branches  of  the  first  interosseous  in  the  dorsal  incision  and  the  termination  of 
the  internal  plantar,  the  first 
plantar  digital,  and  the  internal 
digital  branch  to  the  great  toe  in 
the  plantar  aspect  of  the  wound. 
Unless  great  care  is  exercised  the 
communicating  branch  of  the 
dorsalis  pedis  will  be  wounded 
.between  the  first  and  second 
metatarsal  bones.  This  operation 
is  rarely  called  for  in  practice. 
Disarticulation  of  the  Lit- 
tle Toe,  together  with  its 
Metatarsal  Bone.  (Fig.  156.) 
— The  lanceolate  or  racquet  incision  should  be  employed.  The  tarso-meta- 
tarsal  joint  of  the  little  toe  will  be  found  immediately  behind  the  prominent 
tuberosity  of  the  fifth  metatarsal  bone.  The  toe  is  grasped  in  the  left  hand, 
the  knife  is  inserted  at  the  outer  margin  of  the  foot,  almost  half  an  inch  behind 
the  tuberosity  of  the  fifth  metatarsal  bone,  and  the  incision  is  carried  upward 


Fig.  156. — A,  Disarticulation  of  the  Little  Toe,  to- 
gether with  its  Metatarsal  Bone,  by  the  Oval  or  Racquet 
Incision ;  B,  Maurice  Perrin's  subastragaloid  amputation. 
(From Treves'  "Operative  Surgery.") 
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in  the  line  of  the  cubo-metatarsal  joint.  Upon  reaching  the  median  line  of  the 
metatarsal  bone  the  surgeon  continues  the  incision  forward  as  far  as  the 
neck  of  the  bone,  where  an  oval  flap  is  fashioned  as  in  the  preceding  opera- 
tion. The  incision  is  deepened  and  the  operator  proceeds  in  the  same  man- 
ner as  in  disarticulating  the  first  metatarsal  bone.  The 
outer  tendon  of  the  extensor  digitorum  longus  is  di^'ided 
at  the  highest  jx)int  of  the  dorsal  incision,  in  which  situa- 
tion a  portion  of  the  extensor  digitorum  bre\TS  is  also 
visible.  The  soft  tissues  are  cleared  from  both  sides  of 
the  bone,  the  tendons  of  the  peroneus  tertius  and  bre^is 
are  di^'ided,  and  the  joint  between  the  cuboid  and  the  fifth 
metatarsal  bone  is  opened  from  the  dorsum,  as  is  also 
the  joint  between  the  bases  of  the  fourth  and  fifth  meta- 
tarsal bones.  The  plantar  aspect  of  the  bone  is  then 
cleared  and  disarticulation  completed  b}'  di\'iding  the 
plantar  hgament  as  well  as  several  strong  fasciculi  of  the 
plantar  fascia.  The  dorsal  digital  arteries  are  cut  by 
the  dorsal  incision,  the  plantar  digitals  are  di\4ded  in  the 
plantar  portion  of  the  wound. 

This  operation  is  rarely  called  for  in  practice. 

DlSAETICULATIOX     OF     TwO     TOES,     TOGETHER     WITH 

Their    Metatarsal  Bones. — This   is   similarly   accom- 
plished by  the  racquet  method,  the  handle  of  the  racquet  being  placed  between 
the  two  bones. 

Disarticulation  of  the  Second,  Third,  or  Fourth  Toe,  with  Its  Re- 
spective Metat.\rsal  Bone.— These  operations  may  be  performed  by  the  racquet 


Fig.  157. — Lisfranc's 
Amputation.  (From 
Treves' "  Operative  Sur- 
gerj'") 


Fig.  158. — Disarticulation  of  the  Second  Metatarsal  in  Lisfranc's  .\mputation  of  the  Foot.  The 
knife  is  being  used  to  separate  the  second  from  the  first  metatarsal  bone.  (From  Jacobson  and  Steward : 
"Operations  of  Surgerj-.") 

method.    They  are  infrequently  employed,  but  should  be  considered  in  order 
to  familiarize  the  student  with  the  anatomical  requirements  relating  thereto. 


I 
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Disarticulation  of  the  Anterior  Portion  of  the  Foot  at  the  Tarso- 
metatarsal Joint  (Lisfranc's  Operation).  (Figs.  157-162.) — Surgical  Anatomy. 
— The  line  of  the  tarso-metatarsal  joints  is  quite  irregular,  but  it  may  be  re- 
garded in  general  as  a  curved  one,  the  convexity  being  directed  anteriorly.  The 
curve  starts  at  the  inner  margin  of  the  foot,  at  the  first  tarso-metatarsal  joint, 


Fig.  159. 


-The  Coup  de  Maitre  in  Lisfranc's  Amputation;  first  step. 
"Operative  Surgerj'.") 


(After  Gu^rin,  in  Treves' 


one  inch  in  advance  of  the  tubercle  of  the  scaphoid,  and  terminates  at  the  outer 
margin  of  the  foot,  at  the  fifth  tarso-metatarsal  joint,  .which  is  located  by  the 
prominent  tuberosity  of  the  fifth  metatarsal  bone.  For  all  practical  purposes  it 
may  be  assumed  that  the  first,  third,  fourth,  and  fifth  joints  are  in  this  line.  The 
second  tarso-metatarsal  articulation,  however,  lies  back  from  this  line,  and  this 
anatomical  detail  should  be  well  fixed  in  the  mind  of  the  operator.  The  five 
metatarsal  bones  articulate,  with  the  three  cuneiform  bones  and  with  the  cuboid 
bone,  in  the  following  manner :  the  first  metatarsal  articulates  with  the  internal 


Fig.  160. — The  Coup  de  Maitre  in  Lisfranc's  Amputation ;  second  step.     (After  Guerin,  in  Treves' 

"Operative  Surgery.") 

cuneiform  by  a  reniform  facet,  and  occasionally  with  the  second  metatarsal  bone 
by  an  indistinct  facet;  the  second  metatarsal  articulates  with  the  three  cunei- 
forms, with  the  third  metatarsal,  and  occasionally  with  the  first  metatarsal; 
the  third  metatarsal  articulates  with  the  external  cuneiform  and  with  the  second 
and  fourth  metatarsals;  the  fourth  metatarsal  articulates  with  the  cuboid, 
with  the  external  cuneiform,  and  with  the  third  and  fifth  metatarsals;    the 


AiMPUTATIONS  AND  DISARTICULATIONS. 


321 


Fig.  161. — Stump  After  Lisfranc's 
Operation.  (After  Fergusson,  from 
Jacobson  and  Steward:  "Operations 
of  Surgerj'.") 


fifth  metatarsal  articulates  with  the  fourth  metatarsal  and  with  the  cuboid 
bone.  Mr.  Henry  Morris  groups  these  numerous  articulations  into  three  sepa- 
rate tarso-metatarsal  joints,  as  follows: 

1.  The  Inner  Tarso-metatarsal  Joint.  (Fig.  148.) — This  is  situated  between  the 
internal  cuneiform  and  the  base  of  the  first  metatarsal  and  is  Uned  by  a  syno^^al 
membrane  which  is  separate  from  those  of  aU  the  other  joints.  The  capsular  hga- 
ment  is  much  thickened  below  and  to  the  inner  side.  2.  The  Middle  Tarso-meta- 
tarsal Joint. — This  joint,  which  is  situated  between  the  three  cuneiform  and  the 
second  and  tlurd  metatarsal  bones,  is  pro\'ided  "with  dorsal  Ugaments,  strong  plan- 
tar ligaments,  and  one  interosseous  hgament. 
The  latter  structure  (Lisfranc's  hgament)  in 
the  form  of  a  very  strong  fasciculus,  which  ex- 
tends from  the  outer  surface  of  the  first  cunei- 
form to  the  inner  surface  of  the  base  of  the 
second  metatarsal,  subdi\ides  the  joint.  It 
renders  the  disarticulation  of  the  second  meta- 
tarsal quite  difficult  and  is  severed  in  the  step 
kno\Mi  as  the  '^  coup  de  niaitre."  The  syno\dal 
membrane  is  an  anterior  extension  from  that 
which  lines  the  naviculo-cuneiform  joints  and 
the  outer  cuneiform  articulations.  3.  The 
Cubo-metatarsal  Joint  between  the  Cuboid  and 

the  Fourth  and  Fifth  Metatarsal  Bones. — It  is  pro\ided  with  dorsal,  plantar, 
and  interosseous  hgaments.  The  syno\'ial  membrane  also  extends  between 
the  bases  of  the  fourth  and  fifth  metatarsals. 

Each  metatarsal  bone  has  a  single  epiphysis.  In  the  four  outer  ones  it  forms 
the  head,  but  in  the  first  metatarsal  it  constitutes  the  base  of  the  bone.  These 
epiphyses  unite  with  the  shafts  between  the  ages  of  eighteen  and  twenty. 

The  base  of  the  first  metatarsal  bone  receives  the  attachment  of  the  peroneus 
longus  and  some  fasciculi  of  the  tibiaUs  anterior.  The  base  of  the  fifth  metatar- 
sal bone  receives  the  peroneus  bre\'is  and  peroneus  tertius.  The  plantar  arch 
runs  obhquely  across  the  joint  between  the  bases  of  the  fourth  and  fifth  mieta- 
tarsaLs,  and  then  passes  over  the  bases  of  the  second  and  third  metatarsals  some- 
what in  advance  of  the  tarso-metatarsal  joints. 

The  Lisfranc  Operation.  (Figs.  157-162.) — The  instruments  required  for 
this  procedure  are  a  stout  narrow  knife  "uith  a  blade  four  or  five  inches  in  length, 
a  scalpel,  a  saw,  a  narrow  spatula,  dissecting  forceps,  haemostats,  retractors,  scis- 
sors, and  needles.  The  patient  should  be  in  the  dorsal  position  with  the  foot 
well  beyond  the  edge  of  the  table  and  at  the  level  of  the  operator's  neck  when 
he  is  seated.  Tlie  operator  stands  while  cutting  the  dorsal  flap,  but  sits  facing 
the  sole  of  the  foot  when  fashioning  the  plantar  flap  and  during  the  completion 
of  the  disarticulation. 
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It  being  assumed  that  the  right  foot  is  the  subject  of  the  operation,  the 
surgeon  holds  the  member  in  an  extended  position  with  his  left  hand,  his  thumb 
being  upon  the  base  of  the  fifth  metatarsal,  his  index  finger  upon  the  base 
of  the  first  and  his  palm  in  contact  with  the  sole.  The  dorsal  integument  is 
put  upon  the  stretch  and  the  knife  is  introduced  at  the 
plantar  aspect  of  the  outer  margin  of  the  foot,  imme- 
diately behind  the  tuberosity  of  the  fifth  metatarsal. 
The  incision  is  carried  forward  along  the  outer  mar- 
gin of  the  foot  for  about  an  inch,  and  then  curves 
inward  across  the  dorsum,  passing  about  half  an  inch 
in  front  of,  and  parallel  with,  the  line  of  the  tarso- 
metatarsal joints.  It  should  strike  the  plantar  aspect 
of  the  inner  margin  of  the  foot  half  an  inch  in  front 
of  the  first  tarso-metatarsal  joint,  should  then  follow 
the  internal  margin,  and  terminate  three-quarters  of 
an  inch  behind  the  articulation.  The  assistant  now 
maintains  the  foot  in  extension,  thus  allovvdng  the 
surgeon  to  use  his  left  hand  to  assist  in  raising  the  dor- 
sal flap.  When  about  a  quarter  of  an  inch  of  the  integ- 
ument has  been  raised,  the  extensor  tendons  are  divid- 
ed and  the  flap  is  made  to  contain  all  of  the  soft  parts 
down  to  the  bones.  (Fig.  158.)  The  dissection  should 
be  carried  back  until  the  tarso-metatarsal  joints  are 
freely  exposed.  Although  this  is  called  the  "dorsal" 
flap,  particular  care  should  be  taken  to  include  as  much 
as  possible  of  the  tissues  of  the  inner  and  outer  mar- 
gins of  the  foot.  (At  this  stage  of  the  operation  surgeons  formerly  disartic- 
ulated and  obtained  the  plantar  flap  by  transfixion.)  The  surgeon  now  sits 
facing  the  sole  and  holds  the  foot  in  the  flexed  position  with  his  left  hand, 
the  thumb  being  beneath  the  toes,  and  the  fingers  resting  upon  the  dorsum. 
The  knife  is  inserted  at  the  plantar  aspect  of  the  outer  margin  of  the  foot, 
at  the  commencement  of  the  dorsal  cut,  and  the  incision  is  carried  along 
the  plantar  edge  of  the  fifth  metatarsal  for  a  short  distance.  It  then  curves 
obliquely  along  the  neck  of  the  fourth  metatarsal,  sweeps  across  the  sole 
just  behind  the  necks  of  the  metatarsal  bones,  and,  following  the  plantar 
edge  of  the  metatarsal  bone  of  the  great  toe,  terminates  at  the  inner  end  of  the 
dorsal  incision.  The  inner  extremity  of  the  plantar  flap  should  be  longer 
than  the  outer.  The  assistant  again  takes  charge  of  the  foot  by  grasping  the 
toes  and  holding  them  in  a 'position  of  forced  extension.  The  operator  next 
raises  the  plantar  flap,  which  consists  only  of  skin  and  subcutaneous  tissue,  until 
the  hollow  behind  the  heads  of  the  metatarsals  is  well  exposed.  The  tense 
flexor  tendons  are  divided  by  firm  transverse  cuts.     The  remainder  of  the  flap 


Fig.  162. — Plantar  Inci- 
sions. (From  Treves' 
"  Operative  Surgery.")  A, 
Lisfranc;  B,  Chopart;  C, 
PirogofF;  D,  Syme;  E,  Far- 
abeuf's  subastragaloid  am- 
putation ;  F,  Farabeuf  s 
amputation  at  the  ankle. 
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should  mclude  all  of  the  tissues  do\sTi  to  the  bone,  and  the  dissection  should  be 
contmued  until  the  tendon  of  the  peroneus  longus  is  reached.  This  tendon 
indicates  the  line  of  the  tarso-metatarsal  jomts  and  is  not  to  be  di\'ided  until 
the  disarticulation  has  been  completely  effected. 

The  operator  now  stands  up  and  extends  the  foot  with  his  left  hand  while 
the  assistant  retracts  both  the  dorsal  and  the  plantar  flaps  well  out  of  harm's 
way.  The  disarticulation  is  commenced  by  inserting  the  knife  just  behind  the 
tuberosity  of  the  fifth  metatarsal,  and  cutting  obhquely  forward  and  inward,  thus 
opening  the  tarsal  joints  of  the  three  outer  metatarsal  bones  and  simultaneously 
di\'iding  the  tendons  of  the  peroneus  brcAis  and  peroneus  tertius.  The  joint 
between  the  first  metatarsal  and  the  internal  cuneiform  is  next  opened  in  a  sim- 
ilar manner,  the  incision  d^multaneoush*  di\"iding  some  of  the  radiating  fascicuh 
of  the  tibiahs  anticus.  The  joint  between  the  second  metatarsal  and  the  middle 
cuneiform  is  now  located  fit  wiU  be  found  nearly  a  half-inch  behind  the  tarso- 
metatarsal joint  of  the  great  toe)  and  opened  upon  its  dorsal  aspect.  The  most 
difficult  portion  of  the  operation,  the  di\'ision  of  the  hgament  of  Lisfranc,  now 
follows  and  is  accomphshed  by  what  has  long  been  known  as  the  "  coup  de 
maitre."  (Figs.  159  and  160.)  The  knife  is  held  Uke  a  trocar,  at  a  sUght  angle 
with  the  dorsum  of  the  foot  and  with  the  cutting  edge  toward  the  ankle.  The 
point  is  forcibly  thrust  between  the  bases  of  the  first  and  second  metatarsals 
imtil  it  impinges  against  bone.  The  knife  is  then  held  hke  a  dagger  and  the  han- 
dle elevated  until  it  stands  at  a  right  angle  to  the  dorsum  of  the  foot.  During 
this  mancpuvre  the  cutting  edge  should  be  directed  toward  the  external  mal- 
leolus. Tlie  remaining  plantar  ligaments  are  then  divided,  and  the  completely 
disarticulated  metatarsus  freed  by  drawing  out  the  peroneus  longus  tendon  and 
di\'iding  it  as  high  uj)  as  possible  in  the  out^r  angle  of  the  wound. 

In  the  left  foot  the  incisions  are  commenced  upon  the  inner  side  of  the  foot, 
and  the  disarticulation  is  accomphshed  in  the  reverse  order. 

Four  dorsal  interosseous  arteries  are  di^^ded  in  the  dorsal  flap,  as  is  also  the 
communicating  branch  of  the  dorsalis  jjedis  as  it  passes  toward  the  sole  between 
the  bases  of  the  first  and  second  metatarsal  bones.  The  plantar  digital  branches 
of  the  plantar  arch  and  the  termination  of  the  internal  plantar  artery  should  be 
secured  in  the  plantar  flap.  Tlie  plantar  arch  itself  may  be  wounded  near  the 
base  of  the  second  metatarsal  bone.  A  small  drainage  tube  should  be  placed  at 
either  angle  of  the  wound,  but  it  is  not  retained  for  more  than  twenty-four  hours. 

This  operation  gives  a  well-formed  and  useful  stump.  (Fig.  161.)  It  is  one  of 
the  ''classic  "  operations  which  deserves  to  survive,  although  it  is  frequently  im- 
possible in  practice,  owing  to  the  lack  of  sufficient  tissue  to  form  the  plantar  flap. 

Hey's  modification  of  Lisfranc's  operation  is  generally  thought  to  consist  of 
sawing  through  the  projecting  end  of  the  internal  cuneiform  instead  of  disar- 
ticulating the  first  metatarsal.  It  is  objectionable  since  it  sacrifices  more  of  the 
insertion  of  the  tibialis  anticus  and  lessens  the  leverage  of  the  foot. 
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Fig.  163. — Chopart's  Amputation  of  the  Foot.  The 
dotted  line  shows  where  tlie  incision  is  to  be  made,  but 
it  errs  in  making  the  dorsal  flap  larger  than  it  should  be. 
The  correct  size  is  shown  in  Fig.  164.  (After  Fergusson, 
from  Jacobson  and  Steward:  "Operations  of  Surgery.") 


Skey's  modification  consists  in  sawing  across  the  'base  of  the  second  meta- 
tarsal and  allowing  it  to  remain  in  the  mortise  of  the  cuneiform  bones.  The 
remaining  fragment  is  almost  certain  to  undergo  necrosis. 

Ba;Uden's  modification  is  to  disarticulate  the  first  metatarsal  bone  and  saw 
■ofi'  the  remaining  ones  at  the  level  of  the  internal  cuneiform. 

R.  W.  Smith's  modification  consists  in  the  division  of  the  four  outer  meta- 
tarsal bones  close  to  their  tarsal  extremities  with  a  small  saw,  and  the  retention  of 

the  first  metatarsal.  The  flap  is 
obtained  entirely  from  the  sole. 
This  modification  preserves  two 
important  anterior  points  of  sup- 
port— the  ball  of  the  great  toe 
and  the  tuberosity  of  the  fifth 
metatarsal  bone;  it  also  adds  to 
the  leverage  of  the  foot  and  in- 
terferes less  with  the  transverse 
arch  than  does  any  one  of  the 
other  modifications.  This  plan 
is  especially  indicated  in  severe  crush  injuries. 

Disarticulation  AT  the  Medio-tarsal  Joint  (Chopart's  Operation).  (Figs. 
156, 162, 164, 165, 166, 175.)— Surgical  Anatomy.— The  medio-tarsal  joint  is  com- 
posed of  the  astragalo-scaphoid  and  calcaneo-cuboid  articulations,  which  are  situ- 
ated practically  in  the  same  transverse  fine  and  are  provided  with  separate  synovial 
membranes.  The  astragalo-scaphoid  articulation  is  situated  at  the  inner  side  of 
the  foot  just  behind  the  tuberosity  of  the  scaphoid.  It  is  an  arthrodial  joint, 
the  globular  head  of  the  astragalus  being 
received  in  the  concave  posterior  surface  of 
the  scaphoid.  The  joint  is  supported  by 
the  thin  superior  astragalo-scaphoid  liga- 
ment extending  from  the  neck  of  the  astrag- 
alus to  the  superior  surface  of  the  scaphoid, 
the  thick  inferior  calcaneo-scaphoid  liga- 
ment extending  from  the  sustentaculum 
tali  of  the  calcaneus  to  the  under  surface  of 
the  scaphoid  and  assisting  in  the  formation 
of  the  socket  for  the  head  of  the  astragalus 
and  the  superior  calcaneo-scaphoid  ligament.  The  latter  fasciculus  is  kJ  shaped; 
it  arises  in  the  deep  hollow  between  the  astragalus  and  the  calcaneus  and  blends 
with  the  two  preceding  Hgaments  as  it  passes  forward.  The  lower  limb  of  the 
K| ,  turned  over  on  its  side,  is  formed  by  the  internal  calcaneo-cuboid  ligament, 
which  is  the  chief  bond  of  union  between  the  first  and  second  rows  of  the  tarsal 
bones. 


Fig.  164. — Chopart's  Amputation  of  the 
Foot;  Second  Stage.  (From  Jacobson  and 
Steward:    "Operations  of  Surgery.") 
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Fig.  165. — Stump  after 
Chopart's  Operation.  (Af- 
ter Fergiisson,  from  Ja- 
cobson  and  Steward: 
"Operations  of  Surgery.") 


The  synovial  membrane  of  this  articulation  is  directly  continuous  with  that 
lining  the  anterior  calcaneo-scaphoid  joint.  The  calcaneo-cuboid  articulation 
is  situated  at  the  outer  side  of  the  foot  about  one  inch  posterior  to  the  tuber- 
osity of  the  fifth  metatarsal  bone,  or,  still  better,  mid- 
way between  the  line  of  the  external  malleolus  and  the 
tuberosity  of  the  fifth  metatarsal.  The  articulating  sur- 
faces are  concavo-convex.  The  joint  is  provided  with 
two  dorsal  and  two  plantar  ligaments.  The  dorsal  liga- 
ments are  the  previously  mentioned  strong  internal 
calcaneo-cuboid  and  the  broader  superior  calcaneo- 
cuboid. The  plantar  ligaments  are  the  long  and  short 
calcaneo-cuboid.  The  scaphoid  receives  about  one-half 
of  the  insertion  of  the  tibialis  posterior. 

The  instruments  and  the  positions  of  the  patient 
and  operator  are  the  same  in  the  Chopart  as  in  the 
Lisfranc  operation.  It  bemg  assumed  that  the  right  foot 
is  the  subject  of  the  operation  the  surgeon  holds  the  mem- 
ber in  the  extended  position  with  his  left  hand,  his  pahn  being  in  contact  with 
the  sole.  The  knife  is  introduced  midway  between  the  tip  of  the  inner  mal- 
leolus and  the  tuberosity  of  the  scaphoid  and  the  incision  is  carried  forward 
along  the  inner  margin  of  the  foot  for  a  short  distance. 
It  then  cm-ves  across  the  dorsum,  crossing  the  bases  of  the 
metatarsal  bones,  passes  backward  along  the  outer  margin 
of  the  foot,  and  terminates  just  behind  the  tuberosity  of 
the  fifth  metatarsal  bone.  The  plantar  incision  follows 
the  general  lines  of  the  plantar  flap  in  Lisfranc 's  operation, 
joining  the  extremities  of  the  dorsal  incision.  It  traverses 
the  foot  in  front  of  the  middle  of  the  metatarsus,  and  the 
inner  extremity  of  the  flap  should  be  longer  than  the  outer. 
(See  Fig.  162.)  Both  flaps  are  raised  as  in  Lisfranc's  ©iter- 
ation, and  the  medio-tarsal  joint  should  be  well  exposed. 
\\Tien  disarticulation  is  performed,  the  foot  is  held  in  a 
position  of  talipes  equinovarus.  Care  should  be  taken  not 
to  open  the  scapho-cuneiform  joint,  thus  leaving  the  scaph- 
oid behind.  Although  this  plan  has  been  .  recommended 
in  order  to  preserve  part  of  the  insertion  of  the  tibiaUs 
posticus,  the  modification  has  not  been  found  advantageous 
in  practice,  since  the  stump  is  injured  rather  than 
helped  by  the  preservation  of  this  muscle.  The  dorsal  flap 
contains  the  dorsahs  pedis  artery,  its  metatarsal  and  tarsal  branches,  and 
both  saphenous  veins.  The  plantar  flap  contains  the  internal  and  external 
plantar  arteries  and  the  digital  branches  of  the  latter.     Small  di-ainage  tubes  may 


Fig.  166. — Diagram- 
matic Antero-Poste- 
rior  Section  of  Stump 
often  Seen  after  a  Cho- 
part's Operation.  It 
shows  the  shape  of  the 
stump,  the  position  of 
the  bones,  and  the  in- 
fluence of  the  tendo 
Achillis.  (After  Fara- 
beuf,  from  Jacobson 
and  Steward:  "Oper- 
ations of  Surgen.'.") 
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be  introduced  at  either  angle  of  the  incision,  and  removed  at  the  end  of  twenty- 
four  hours. 

Chopart's  operation  has  no  estabhshed  place  in  modern  surgery.  The  heel  is 
soon  drawn  up  by  the  tendo  Achillis,  so  that  the  patient  walks  upon  the  sharp 
anterior  edge  of  the  calcaneus;  in  other  words,  the  stump  left  by  this  operation 
is  apt  to  be  painful  and  useless.  Tenotomy  of  the  tendo 
Achillis  does  not  fully  remedy  this  defect,  and  still  further 
weakens  the  part.  A  little  reflection  shows  that  when  the 
arch  of  the  foot  is  divided  at  the  highest  point  it  can 
not  be  maintained  by  a  single  posterior  support,  but  is 
bound  to  fall  under  the  influence  of  superincumbent  weight. 
Forbes's  operation  consists  of  disarticulating  at  the 
scapho-cuneiform  joint  and  sawing  through  the  cuboid  at 
this  level.  It  has  all  the  disadvantages  of  Chopart's  op- 
eration, and  the  objectionable  contraction  of  the  tendo  Achil- 
lis is  reinforced  by  the  preservation  of  the  tibialis  posterior. 
Tripier's  Operation.  (Fig.  167.) — Tripier  sought  to  ob- 
viate the  tilting  of  the  heel  stump  by  making  a  horizontal 
section  of  the  calcaneus  in  order  to  provide  the  stump  with 
a  broad  level  base.  The  knife,  in  this  operation,  is  intro- 
duced at  the  outer  side  of  the  tendo  Achillis,  at  the  level  of 
the  tip  of  the  external  malleolus,  and  the  dorsal  incision  is 
carried  forward  one  inch  below  the  malleolus.  It  sweeps  a 
finger's  breadth  behind  the  tuberosity  of  the  fifth  metatarsal, 
and  terminates  at  the  inner  side  of  the  extensor  proprius  hallucis,  two  finger- 
breadths  in  front  of  the  ankle  joint.  The  plantar  incision  starts  here,  passes  over 
the  internal  cuneiform  bone  at  the  inner  side  of  the  foot,  crosses  the  sole  as  far  as 
its  outer  margin  at  the  base  of  the  fifth  metatarsal,  and  terminates  at  the  com- 
mencement of  the  dorsal  cut.  The  flaps  are  raised  until  the  medio-tarsal  joint  is 
exposed,  and  the  dissection  of  the  plantar  flap  is  continued  until  the  sustentac- 
ulum tali  is  laid  bare.  Disarticulation  having  been  next  effected,  the  periosteum 
is  elevated  from  the  entire  under  surface  of  the  calcaneus,  which  is  seized  with 
lion-jaw  forceps  and  turned  outward.  The  calcaneus  is  sawn  hoiizontally  from 
within  outward,  just  below  the  sustentaculum,  and  the  angle  between  the 
sawn  and  cuboid  surfaces  of  the  bone  is  rounded  off  with  the  saw.  It  does  not 
seem  that  this  operation  has  been  extensively  performed.  We  believe  that  a 
patient  in  whose  case  this  operation  might  seem  suitable  would  be  better  off 
were  his  leg  amputated  in  the  lower  third  and  a  modern  prosthetic  apparatus 
fitted  to  the  stump. 

SuBASTRAGALoiD  DISARTICULATION. — Siirgical  Afiatomy. — In  this  disarticu- 
lation the  line  of  separation  passes  through  the  astragalo-scaphoid  and  astrag- 
alo-calcaneal  joints,  the  astragalus  being  the  only  tarsal  bone  left  in  the  stump. 


Fig.  167. — Tripier's 
Operation.  (From 
Treves'  "Operative 
Surgery.") 
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A  description  of  the  astragalo-scaphoid  articulation  has  been  pre\iously  given 
imder  Lisfranc's  operation  (p.  320).  The  astragalo-calcaneal  articulations 
are  two  in  number,  the  anterior  communicating  ^^•ith  the  astragalo-scaphoid 
joint,  while  the  posterior  one  is  entu-ely  independent.  The  two  joints  are 
separated  by  a  deep  groove  in  both  bones,  at  least  one  inch  in  breadth, 
which  serves  for  the  attachment  of  the  powerful  interosseous  ligament.  The 
surface  of  the  astragalus,  as  seen  in  the  stump,  is  flat  and  forms  a  good  base 
for  the  superincumbent  weight.  In  addition  to  the  interosseous  Ugament 
the  external  calcaneo-astragaloid,  the  superior  calcaneo-scaphoid,  and  the  mid- 
dle fasciculus  of  the  external  lateral  Mgament  of  the  ankle  afford  support  to  the 
jomt.  The  posterior  and  internal  calcaneo-astragaloid  Ugaments  strengthen  the 
respective  aspects  of  the  joint,  which  also  receives  additional  support  from  a 
portion  of  the  deltoid  ligament. 

The  instruments  required  and  the  position  of  the  surgeon  are  the  same  as 
in  Chopart's  operation. 

Disarticulation,  AviTH  a  Heel  Flap.  (Fig.  155.) — The  ojjerator  and  the  pa- 
tient being  in  the  same  position  as  in  Lisfranc's  operation,  the  foot  is  held  at  right 
angles  to  the  leg,  and  the  point  of  the  knife  is  introduced  half  an  inch  below  the 
external  malleolus.  The  incision  is  carried  directly  downward  to  the  plantar  as- 
j)ect  of  the  heel,  which  it  crosses,  and  finally  terminates  one  inch  below  the  internal 
malleolus.  A  U-shaped  flap  is  now  fashioned  from  the  dorsum  of  the  foot,  the 
convexity  of  the  flap  being  directly  over,  or  sUghtly  in  advance  of,  the  astragalo- 
scaphoid  joint.  Both  flaps  should  include  all  the  tissues  down  to  the  bone.  The 
heel  flap  is  first  dissected  back,  and  the  tendo  Achillis  is  then  diA^ided.  The  astrag- 
alo-naAicular  joint  is  well  exposed  by  raising  the  dorsal  flap,  and  at  the  same 
time  the  assistant  flexes  the  leg  upon  the  thigh  and  mamtains  the  foot  in  a  hor- 
izontal position  with  its  outer  surface  upward.  The  operator  next  turns  the 
foot  inward  so  that  its  outer  surface  is  put  upon  the  stretch,  and  then  opens 
the  astragalo-scaphoid  joint  from  the  dorsum.  The  knife  is  kept  between  the 
bones  and  is  made  to  cut  backward  between  the  calcaneus  and  astragalus  so 
as  to  diA-ide  the  strong  interosseous  ligament.  As  the  fibres  of  the  ligament  are 
incised  and  the  tendons  to  the  outer  side  divided,  the  various  positions  of  the 
foot  are  exaggerated  by  the  left  hand  of  the  oj^erator,  and  all  tissues  are 
cleared  from  the  lower  and  inner  sm-faces  of  the  bone.  AMieii  the  foot  has  been 
completely  disarticulated,  the  heel  flap  being  retracted  well  out  of  harm's 
way  by  the  assistant,  the  dorsum  should  be  directed  do\Miward.  Any  remain- 
ing bridges  of  tissue  are  now  divided  and  the  foot  freed.  The  head  of  the  astrag- 
alus should  be  saA^-n  off.  Ashhurst,  who  preferred  this  method  of  subastragaloid 
disarticulation  to  all  others,  disarticulated  at  the  medio-tai-sal  joint  and  then 
twisted  the  calcaneus  from  side  to  side  with  a  lion-jaw  forceps  while  he  sepa- 
rated it  from  the  astragalus. 

The  arteries  di\-ided  in  the  flap  are  essentially  the  same  as  those  di\aded 
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in  Syme's  operation  (see  p.  329).  A  hole  should  be  made  in  the  centre  of  the 
heel  flap,  and  into  this  a  short  drainage  tube  should  be  introduced.  This  tube  is 
to  be  removed  at  the  end  of  twenty-four  hours. 

This  method  is  easier  than  that  of  any  of  the  procedures  which  we  are  now 
about  to  describe.  The  wound  heals  well,  as  the  soft  parts  are  not  easily  dis- 
turbed. The  objections  to  the  method  are  the  narrow  stump  which  is  left  and 
the  proximity  of  the  scar  to  the  pressure  area. 

The  Racquet  Operation  of  Maurice  Perrin.  (Fig.  156.) — This  procedure 
is  difficult  of  execution,  and  the  vessels  of  the  flap  are  considerably  endangered 
during  the  progress  of  the  operation.  The  tissues  do  not  heal  as  kindly  as  in 
some  of  the  other  operations,  since  they  must  necessarily  be  rather  roughly 
handled.  When  the  operation  is  successful,  however,  the  resulting  stump  is 
broad  and  the  scar  is  well  out  of  the  way  of  pressure. 

The  knife  is  introduced  at  the  insertion  of  the  tendo  Achillis  and  the  incision 
is  carried  forward,  parallel  with  the  outer  border  of  the  malleolus,  to  a  point 

just  behind  the  base  of  the  fifth 
metatarsal.  It  then  curves  across 
the  dorsum  and  strikes  the  inner 
border  of  the  foot  at  the  level  of 
the  joint  between  the  internal  cu- 
neiform and  first  metatarsal  bones. 
The  incision  is  finally  carried  out- 
ward across  the  sole  and  termi- 
nates in  the  first  incision,  about 
two  inches  behind  the  base  of  the 
fifth  metatarsal  bone.  Disarticu- 
lation is  effected  exactly  as  in  the 
preceding  operation.  The  head  of 
the  astragalus  should  be  sawn  off. 
The  Operation  of  Verneuil. 
(Fig.  168.) — This  operation  is  a 
modification  of  the  oval  method. 
The  knife  is  introduced  over  the 
outer  tubercle  of  the  calcaneus 
and  about  two  or  three  centi- 
metres below  the  tip  of  the  ex- 
ternal   malleolus.      The    incision 


Fig.  168. — Inner  and  Outer  Sides  of  the  Right  Foot, 
to  Show  the  Incisions  in  Farabeuf  s  Siibastragaloid 
Amputation.  (From  Treves'  "Operative  Surgery.") 
A,  Point  where  incision  is  begun ;  B,  X  and  C,  points  to 
which  it  is  next  carried;  in  its  subsequent  course  it 
crosses  the  sole  of  the  foot  (C  to  D),  then  follows  the 
outer  border  of  the  foot  to  the  os  calcis  {E),  and  ter- 
minates at  the  point  of  beginning  {A).  (See also  Figs. 
162  and  169.)  V,  The  lines  of  Verneuil's  subastraga- 
loid  amputation. 


passes  forward  to  a  point  two 
centimetres  behind  and  to  the  inner  side  of  the  base  of  the  fifth  metatarsal, 
from  which  point  it  is  carried  across  the  dorsum  of  the  foot  to  the  centre  of  the 
internal  cuneiform  bone.  It  finally  terminates  by  passing  in  a  direct  line 
to  the   point   of   starting.      The   flap  includes  all  the  tissues  down   to    the 


AMPUTATIONS  AND  DISARTICUK^TIONS. 


329 


Fig.  169. — A,  Farabeuf's  Subastragaloid  .\inputation ; 
B.  Farabeuf's  amputation  at  the  ankle  joint ;  C,  C.  saw- 
cuts  in  Pasquier  and  Le  Fort's  operation ;  D  shows  also 
the  saw-cut  made  in  the  os  calcis  in  Tripier's  operation. 
(From  Treves'  "Operative  Surgery.") 


bone.     Disarticulation  is  effected  in  the  usual  manner,   and   the  head  of  the 
astragalus  is  sawn  off. 

This  is  a  simple  method,  but  it  is  open  to  the  serious  objection  that  the  flap 
is  not  large  enough. 

Farabeuf's  Operation. — The  distinguishing  feature  of  this  operation  is  the 

employment  of  *&  large  internal 
and  plantar  flap.  (Figs.  168  and 
169.) 

LigneroUes,  who  first  proposed 
subastragaloid  disarticulation  in 
1839,  employed  two  lateral  flaps, 
while  Lisfranc  used  a  single  dor- 
sal flap,  and  Malgaigne  took  a 
single  flap  from  the  inner  part  of 
the  plantar  surface.  Nelaton 
fashioned  dorsal  and  plantar  flaps 
which  were  larger  on  the  inner 
than  on  the  outer  side.  The 
stump  after  subastragaloid  disar- 
ticulation is  possibly  more  useful  than  that  of  either  Syme's  or  Pirogoff's  opera- 
tion, owing  to  the  preservation  of  the  ankle  joint. 

Although  agreeing  with  Treves  and  Ashhurst  that  the  heel-flap  method  is 
the  best  for  subastragaloid  disarticulation,  we  are  decidedly  of  the  opinion  that 
if  a  tarso-metatarsal  disarticulation  be  im- 
practicable, the  marked  advance  in  pros- 
thetic appliances  has  made  any  operation 
short  of  a  well-executed  amputation  at  the 
lower  third  of  the  leg,  archaic  and  obsolete. 
Disarticulation  at  the  Ankle  Joint 
(Syme's  Operation).  (Figs.  162,  171,  173, 
174.) — Surgical  Anatomy. — The  ankle  joint  is 
formed  by  the  lower  extremity  of  the  tibia 
and  its  malleolus,  the  external  malleolus  of 
the  fibula,  and  the  astragalus.  The  articu- 
lating surfaces  are  covered  with  cartilage 
and  enveloped  by  a  capsular  ligament.  The 
latter  structure  is  markedly  thickened  upon 
the  inner  aspect  of  the  joint,  where  it  forms 
the  powerful  deltoid  ligament.  The  liga- 
ments of  the  inner  side  of  the  ankle  are 
showTi  in  the  accompanying  cut  (Fig.  172).  The  tendons  about  the  ankle  joint 
run  in  sjTiovial  sheaths  and  are  arranged  in  the  foUowing  manner :  In  front  of 


Fig.  17(). — -Decortication  of  the  Posterior 
Extremit}-  of  the  Os  Calcis  in  Tibio-Tarsal 
Disarticulation.     (Farabeuf.) 
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the  joint,  and  from  without  inward,  are  the  tendons  of  the  extensor  longus 
digitorum,  the  extensor  proprius  hallucis,  and  the  tibiaUs  anticus;  at  the  inner 
side,  and  passing  from  the  internal  malleolus  to  the  calcaneus,  are  the  tendons 

of  the  tibialis  posticus,  the  flexor  lon- 
gus digitorum,  and  the  flexor  proprius 
hallucis;  at  the  outer  side  are  the  ten- 
dons of  the  peroneus  longus  and  brevis. 
The  posterior  tibial  artery  divides  into 
the  internal  plantar  and  the  external 
plantar  midway  between  the  internal 
malleolus  and  the  tuberosity  of  the 
calcaneus.  The  lower  epiphysis  of  the 
tibia  represents  the  articular  surface 
as  well  as  the  internal  malleolus;  it 
unites  with  the  shaft  from  the  eigh- 
teenth to  the  nineteenth  year.  The 
lower  epiphysis  of  the  fibula  is  the  ex- 
ternal malleolus;  it  unites  with  the 
shaft  during  the  twenty-first  year. 
The  posterior  epiphysis  of  the  calca- 
neus appears  in  the  tenth  year  and 
joins  the  body  of  the  bone  at  about 
the  fifteenth  year. 

The  Operation.  (Figs.  162,  171,  173, 174,  and  175.) — The  instruments  required 
are:  a  stout  knife,  with  a  narrow  blade  three  inches  in  length,  a  rounded  point, 
and  a  large  strong  handle;  a  scalpel; 
a  saw;  bone  forceps,  retractors,  dis- 
secting forceps,  hsemostats,  scissors, 
and  needles. 

The  patient  should  be  in  the  dor- 
sal position,  with  the  foot  well  be- 
yond the  edge  of  the  table  and  at 
the  level  of  the  surgeon's  face.  An 
assistant  steadies  the  leg  with  one 
hand,  and  with  the  other  he  rigidly 
maintains  the  foot  at  a  right  angle 
to  the  leg.  A  second  assistant  looks 
after  the  wound.  The  surgeon  sits 
facing  the  sole  of  the  foot  while 
fashioning  the  heel  flap,  and  stands  to  cut  the  dorsal  flap  and  disarticulate. 
The  point  of  the  knife  is  introduced  at  the  tip  of  the  external  malleolus  somewhat 
nearer  the  posterior  than  the  anterior  border,  and  the  incision  is  carried  di- 


FiG.  171. — Lines  of  the  Incisions  employed  in 
Syme's  Amputation  of  the  Foot.  The  other  white 
and  black  lines  show  the  relations  of  the  plantar 
arteries  to  these  incisions,  and  also  the  importance 
of  the  ramifications  of  these  vessels,  and  especially 
of  the  external  plantar  artery,  to  the  proper  nour- 
ishment of  the  flap.     (Farabeuf.) 


Fig.  172. — Internal  Lateral  Ligaments  of  the  .\nkle. 
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Fig.  173. — Tibio-Tarsal  Disarticulation  According  to 
Sonne's  Method.     Heel  flap.      (Farabeuf.) 


rectly  downward  at  a  right  angle 
to  the  long  axis  of  the  foot.  It 
traverses  the  sole  and  passes  di- 
rectly upward  to  terminate  about 
half  an  inch  below  the  tip  of  the 
internal  malleolus.  Under  no  cir- 
cumstances should  the  inner  ex- 
tremity of  the  plantar  incision 
pass  behind  the  internal  malleo- 
lus, since  then  it  is  apt  to  sever 
the  posterior  tibial  artery  and  thus 
deprive  the  flap  of  its  main  blood 
supply  which  it  gets  from  the  in- 
ternal calcanean  arteiy. 

It  is  much  safer  to  shaj3e  the 
heel  flap  by  two  cuts  starting  re- 
spectively at  the  outer  and  inner  extremities  of  the  above-described  incision 
and  meeting  at  the  sole.  The  heel  flap  is  now  dissected 
back  and  the  calcaneus  clearly  exposed.  It  is  of  great 
importance  to  keep  close  to  the  bone,  and  the  dissection  is 
continued  until  the  tuberosities  and  the  posterior  surface 
of  the  calcaneus  are  thoroughly  laid  bare.  It  is  well  to 
peel  off  the  periosteum  with  the  heel  flap,  and  in  sub- 
jects under  fourteen  the  posterior  epiphysis  of  the  calca- 
neus is  separated  and  allowed  to  remain  in  the  stump. 
After  this,  the  surgeon  stands  up  and  forcibly  extends  the 
foot  with  his  left  hand,  while  connecting  the  extremities 
of  the  plantar  incision  by  a  cut  directly  across  the  front 
of  the  ankle.  This  dorsal  incision  is  carried  down  to  the 
bone,  and  the  extensor  tendons  are  all  di^dded  when  they 
are  put  upon  the  stretch. 

The  ankle  joint  lies  just  above  the  dorsal  incision  and 
is  opened  by  di\'iding  the  anterior  hgament.  The  knife  is 
passed  into  the  joint,  and  the  lateral  Ugaments  are  di\'ided 
from  within  outward.  The  posterior  hgament  is  next  di- 
\'ided,  the  superior  surface  of  the  calcaneus  exposed,  and 
the  disarticulation  completed  by  di^-iding  the  tendo  Achillis. 
Both  malleoli  and  the  lower  extremity  of  the  tibia  are 
now  exposed  by  dissecting  back  the  soft  parts.  The  as- 
sistant retracts  the  flaps  out  of  harm's  way  while  the  surgeon  saws  the  bones 
horizontally,  about  a  quarter  of  an  inch  above  the  lower  margin  of  the  tibia. 
This  saw-cut  should  just  remove  the  inferior  articular  surface  of  the  tibia,  and 


Fig.  174. — A  Sj-me's 
Stump  Soundly  Healed 
after  Scraping  out  of 
Sinuses  had  been  Re- 
sort etl  to.  The  patient 
had  active  secondarj' 
sj-philis  as  well  as  ex- 
tensive caries  of  the 
tarsu-s.  (From  Jacobson 
and  Steward:  "Opera- 
tions of  Surgery-.") 
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particular  care  should  be  taken,  in  young  subjects,  not  to  remove  the  entire 
lower  epiphysis  of  the  tibia. 

The  anterior  tibial  artery  is  secured  in  the  centre  of  the  dorsal  flap,  and  the 
external  and  internal  plantar  arteries  are  secured  at  the  inner  extremity  of  .the 
heel  flap.  The  internal  malleolar  branch  of  the  posterior  tibial  (behind  the  in- 
ternal malleolus),  the  anterior  peroneal  artery  (in  front  of  the  ankle  joint),  and 
the  external  and  internal  malleolar  branches  of  the  anterior  tibial  artery  (in  front 
of  their  respective  malleoli)  may  also  demand  attention.  A  short  drainage  tube 
is  introduced  through  an  incision  in  the  centre  of  the  heel  flap. 

The  stump  after  a  properly  executed  Syme's  amputation  is  strong  and  satis- 
factory. The  patient  should  be  provided  with  a  special  boot  to  overcome  the 
shortening.    A  prosthetic  appliance  can  be  admirably  adjusted  to  this  stump. 

Wyeth  has  pointed  out  thai  the  chief  blood  supply  of  the  heel  flap  is  from 
the  calcaneal  branches  of  the  external  plantar  artery,  and  he  draws  the  con- 
clusion that  a  longer  plantar  flap  would  be  less  likely  to  slough  than  a  short  one. 


Fig.  175. — The  Incisions  Required  in  Different  Amputations  of  the  Foot.  1,  The  incisions  in 
Pirogoff's  amputation.  The  dotted  Hno  shows  the  direction  of  the  plantar  incision  in  Syme's  amputa- 
tion; 2,  The  incisions  in  subastragaloid  amputation;  3,  Tlie  incisions  in  Chopart's  amputation.  (From 
Jacobson  and  Steward:   "Operations  of  Surgery.") 


If  such  a  long  plantar  flap  be  made,  it  should  be  raised  from  the  calcaneus, 
from  behind  forward,  after  disarticulating  and  dividing  the  tendo  Achillis. 

Roux's  Disarticulation  at  the  Ankle  Joint. — This  is  a  modification 
of  the  oval  method,  the  consensus  of  opinion  seeming  to  be  that  it  is  distinctly 
inferior  to  Syme's  operation. 

Pirogoff's  Operation.  (Figs.  162, 1 75, 176.)— This  is  an  osteoplastic  intracal- 
caneal  amputation.  It  differs  from  Syme's  operation  in  that  the  calcaneus  is 
sa\vn  through,  and  the  cut  surface  of  the  posterior  segment  is  appUed  to  the 
sawn  surfaces  of  the  tibia  and  fibula.  The  incision  resembles  that  employed 
in  Syme's  operation,  but  the  heel  flap  is  a  trifle  longer  and  the  dorsal  cut 
more  convex.  The  plantar  incision  commences  just  in  advance  of  the  exter- 
nal malleolus,  and  terminates  at  a  point  directly  opposite,  and  slightly  in  front 
of,  the  internal  malleolus.  The  heel  flap  is  dissected  backward  for  a  distance  of  a 
quarter  of  an  inch. 
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After  the  foot  has  been  disarticulated  it  is  forcibly  drawn  forward  in  a  position 
of  complete  extension,  exposing  the  entire  upper  surface  of  the  calcaneus.  (Fig. 
176.)  The  saw  is  applied  to  this  surface  a  finger's  breadth  behind  the  astragalus, 
and  the  plane  of  the  bone  section  should  correspond  to  that  of  the  edges  of  the 


Fig.  176. — Division  of  the  Os  CalcLs  in  PirogofTs  Amputation  of  the   Foot.     (From  Jacobson  and 

Steward:    "Operations  of  Surgery.") 

heel  flap.     During  the  bone  section  the  heel  flap  should  be  kept  out  of  harm's 
way  by  an  assistant. 

The  lower  ends  of  the  tibia  and  fibula  are  now  cleared  as  in  Byrne's  ampu- 
tation. The  saw  is  apphed  to  the  anterior  aspect  of  the  bones  immediately  above 
the  articular  surface  of  the  tibia,  and  the  bones  are  sawn  through  somewhat 
obUquely,  so  that  the  saw  emerges  upon  the  posterior  surface  of  the  tibia  about 
a  finger's  breadth  above  the  articular  sm-face. 

The  stump,  after  Pirogoff's  amputation,  is  longer  than  that  after  a  S\Tne's 
operation,  but  it  possesses  no  other  advantage 
over  the  latter  procedure.  The  fragment  of  the 
calcaneus  left  l^ehind  may  necrose  and  be 
drawn  backward  by  the  nmscles  of  the  calf. 
The  tendo  AchilHs  should  be  di\'ided. 

In  Le  Fort's  modification  of  Pirogoff's  ampu- 
tation (Fig.  177)  the  incision  is  practically 
racquet-sha[x^d,  the  handle  of  the  racquet 
commencing  upon  the  outer  side  of  the  foot  at 
the  msertion  of  the  tendo  Achillis.  The  essen- 
tial feature  of  the  modification  is  that  the  cal- 
caneus is  sawn  horizontally  at  the  jimction  of 
the  upper  and  middle  thirds.  The  saw  is  apphed  just  below  the  sustentaculum 
tali,  and  the  insertion  of  the  tendo  Achilhs  is  preserved.  The  resulting  stump 
is  said  to  be  superior  to  that  of  Pirogoff,  since  the  entire  length  of  the  calca- 


FiG.  177. —  Pasquier  and  Le  Fort's 
Operation.  (From  Treves'  "  Opera- 
tive Surgery-.") 
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neus  rests  upon  the  ground,  and  the  skin  covering  it  is  already  adapted  to  with- 
stand direct  pressure. 

In  Sedillot's  and  Gunther's  modifications  both  the  calcaneus  and  the  bones 
of  the  leg  are  sawn  obliquely. 

In  von  Bruns'  modification  the  sawn  surface  of  the  calcaneus  is  concave 
while  that  of  the  conjoined  bones  of  the  leg  is  convex. 

The  Wladimiroff-Mikulicz  Osteoplastic  Resection  of  the  Foot. — 
This  operation  is  of  questionable  utihty  and  is  rarely  called  for.     The  soft  parts 

covering  the  heel  are  removed  together  with  the  cal- 
caneus and  astragalus,  and  the  sawn  surfaces  of  the 
tibia  and  fibula  are  brought  in  contact  with  those  of 
the  cuboid  and  navicular  bones.  In  the  majority  of 
instances  this  operation  has  been  done  for  tubercu- 
lous disease  of  the  calcaneus  and  astragalus,  and  in 
these  cases  the  reparative  powers  of  the  patient  are 
rarely  equal  to  the  severe  demands  of  the  procedure. 
It  may  be  employed  in  incurable  ulcers  of  the  heel  or 
after  gunshot  injury,  but  it  seems  to  be  distinctly 
inferior  to  an  amputation  at  the  lower  third  of  the 
leg.  The  patient  must  not  only  wear  a  specially  con- 
structed shoe  upon  the  foot  operated  upon,  but  he 
must  also  be  provided  with  a  high  sole  upon  the  sound 
side. 

Hancock's  Operation, — This  is  a  combination  of 
the  subastragaloid  and  Pirogoff  operations.  The  flaps 
are  fashioned  as  in  Pirogoff's  amputation,  but  should 
be  rather  longer,  and  the  calcaneus  is  similarly  sawn. 
The  astragalus  is  then  sawn  horizontally,  and  the 
sawn  surface  of  the  calcaneus  is  brought  in  contact  with  the  similar  surface 
of  the  upper  portion  of  the  astragalus.  The  head  of  the  astragalus  is  also 
removed. 

In  the  interest  of  the  foot  as  a  whole,  Hancock  also  advocated  dividing  the 
tarsal  bones  in  any  situation,  regardless  of  the  location  of  the  joints.  The  sole  at- 
tention, he  beheved,  should  be  paid  to  the  complete  removal  of  diseased  or  in- 
jured tissue. 

Amputations  in  the  Lower  Third  of  the  Leg. — With  the  advances  which 
have  been  made  in  the  manufacture  of  prosthetic  appliances,  this  region  of 
the  limb  is  to-day  the  "place  of  election." 

The  instruments  required  are:  a  small  amputating  knife  with  a  five-inch 
blade;  a  stout  knife  with  a  four-inch  blade,  having  a  narrow  point  and  a  strong 
handle;  a  scalpel,  an  amputating  saw,  an  Esmarch's  bandage,  retractors,  hiemo- 
stats,  dissecting  forceps,  scissors,  and  needles. 


Fig.  178. — Amputations  of 
the  Lower  Leg.  (From 
Treves'  "Operative  Sur- 
gery.") A,  Guyon's  supra- 
malleolar amputation  (a,  saw- 
line  for  that  operation) ;  B, 
Duval's  supramalleolar  am- 
putation (6,  saw  line  for  that 
operation). 
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Guyon's  Supra]nl\lleol-\r  Method.  (Fig.  178.) — The  oblique  elliptical  in- 
cision commences  in  the  anterior  median  line  at  the  level  of  the  ankle  joint  and 
curves  from  above  do^Miward  across  the  inner  aspect  of  the  ankle,  just  skirting 
the  internal  malleolus.  After  crossing  the  summit  of  the  heel  it  passes  across  the 
outer  aspect  of  the  ankle  a  trifle  in  front  of  the  external  malleolus  and  terminates 
at  the  point  of  starting.  The  surgeon  now  sits  facing  the  sole  of  the  foot  and 
dissects  up  the  heel  flap,  which  should  contain  aU  the  tissues  down  to  the  bone  ex- 
cept the  tendons  of  the  peronei.  The  latter  muscles  are  di\"ided  above  the  ankle 
joint.  Care  should  be  exercised  not  to  damage  the  ves- 
sels upon  the  inner  side  of  the  calcaneus.  The  tendo 
Achillis  is  next  di\'ided,  and  the  tissues  are  cleared 
away  from  the  posterior  aspect  of  the  bones  of  the  leg 
imtil  a  point  is  reached  about  two  inches  above  the 
tips  of  the  malleoli.  The  surgeon  now  stands,  extends 
the  foot  upon  which  he  is  operating,  and  carries  the 
anterior  incision  down  to  the  bone  without  opening 
the  ankle  joint.  The  tissues  on  the  front  of  the  leg 
are  then  dissected  up,  and  the  anterior  aspect  of  the 
bones  of  the  leg  is  bared  to  the  preWously  mentioned 
level.  While  the  flaps  are  retracted  by  an  assistant,  the 
bones  of  the  leg  are  s&vro.  transversely  just  above  the 
malleoli. 

The  posterior  tibial  artery  will  be  found  upon  the 
inner  side  of  the  heel  flap,  and  the  termination  of 
the  peroneal  artery  upon  the  outer  side.  The  ante- 
rior tibial  artery  is  near  the  anterior  border  of  the 
tibia,  and  the  anterior  peroneal  is  in  front  of  the  ex- 
ternal malleolus.  The  posterior  tibial  nerve  should 
be  dissected  out  of  the  flap  and  di\'ided  high  up. 
Drainage  should  be  pro\'ided  by  a  small  incision 
through  the  posterior  portion  of  the  flap. 

The  good  features  of  the  stump  are  these :  the  cica- 
trix is  well  out  of  the  pressure  area,  and  the  medullary 
canals  of  the  bones  of  the  leg  are  not  opened  up. 

Duv.vl's  Supra:malleolar  A^iputation.  (Fig. 
178.) — In  this  method  an  oblique  elliptical  incision 
is  also  employed,  but  the  bone  is  di^•ided  at  a  much 
higher  level  than  in  the  preceding  operation.  The 
level  of  the  bone  section  haAing  been  decided  upon, 
the  incision  is  so  plamied  that  the  lower  and  posterior  extremity  of  the 
ellipse  shall  be  placed  below  this  at  a  distance  equal  to  one  and  a  half  times 
the  antero-posterior  diameter  of  the  limb  as  measured  at  the  level  of  the  pro- 


FiG.  179. — Amputations  of 
the  Leg.  (  From  Treves' ' '  0|>- 
erative  Sui^er>'.")  A.  Am- 
putation of  lower  part  of  the 
leg  by  a  long  posterior  flap; 
B,  amputation  at  the  "place 
of  election"  by  a  large  ex- 
ternal flap  (Farabeufs  opera- 
tion) ;  C,  Garden's  amputa- 
tion ;  D,  Lister's  modification 
of  the  same. 
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posed  bone  section.  The  higher  and  anterior  extremity  of  the  elhpse  should  also 
be  placed  below  this  level,  but  at  a  distance  not  less  than  three-quarters  of  the 
antero-posterior  diameter  measured  at  the  same  level.  The  plane  of  the  incision 
is  inchned  at  an  angle  of  forty-five  degi'ees.  The  first  incision  simply  divides  the 
skin,  which  is  allowed  to  retract.  The  soft  parts  are  then  divided  down  to  the 
bone  in  the  line  of  the  retracted  skin.  The  tendo  Achillis  is  divided  near  its 
insertion,  and  the  soft  parts  are  cleared  from  the  bones  to  a  point  just  above  the 
level  of  the  section  previously  decided  upon.  While  the  tissues  are  being  dis- 
sected up  from  the  posterior  aspect  of  the  limb  the  surgeon  should  be  seated 
with  the  leg  elevated  in  front  of  him.  After  the  bones  have  been  sawed,  the 
posterior  tibial  nerve  should  be  dissected  out  from  the  posterior  flap.  The  tendo 


Fig.  180. — Mode  of  Dividing  the  Tissues  in  the  Amputation  by  a  Large  Posterior  Flap.     (From 

Treves'  "  Operative  Surgery.") 

Achillis  may  be  retrenched  or,  as  advised  by  some  authorities,  sutured  to  the  cut 
end  of  the  extensor  muscles. 

The  anterior  tibial  artery  is  secured  in  front  of  the  tibia,  the  posterior  tibial 
behind  this  bone,  the  posterior"  peroneal  behind  the  hbula,  and  the  anterior 
peroneal  in  the  posterior  flap,  opposite  to  the  interosseous  space.  The  wound 
was  originally  closed  by  uniting  the  elliptical  incision  transversely,  the  resulting 
cicatrix  being  situated  upon  the  anterior  aspect  of  the  stump.  Some  surgeons 
suture  the  wound  in  an  antero-posterior  direction  to  secure  better  drainage,  but 
this  is  disadvantageous,  since  the  resulting  scar  is  terminal. 

Amputation  by  a  Long  Posterior  Flap.  (Figs.  179  and  180.) — The  length 
of  the  posterior  flap  after  retraction  has  taken  place  should  be  equal  to  half  the 
circumference  of  the  limb  at  the  level  of  the  bone  section.  The  length  of  the 
anterior  flap  is  about  one-fourth  that  of  the  posterior.  If  the  right  leg  be  the 
subject  for  amputation  the  foot  is  everted,  the  knife  entered  at  the  level  of  the 
proposed  bone  section,  and  the  incision  carried  downward  in  front  of  the  inter- 
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nal  border  of  the  tibia  and  terminated  by  cuning  outward  across  the  insertion 
of  the  tendo  AchilUs.  Tlie  foot  is  now  inverted  and  the  external  incision  is 
made  from  above  downward  behind  the  fibula,  where  it  meets  the  internal  one 
at  the  insertion  of  the  tendo  Achillis.  After  the  flap  has  retracted,  the  tendo 
Achillis  is  divided. 

A  deep  incision,  two  inches  in  leng:th,  is  now  made  in  the  line  of  the  skin-cut 
upon  both  the  inner  and  the  outer  aspects  of  the  limb,  and  these  incisions  are 
carried  down  to  the  tibia  and  fibula  respectively.  The  two  wounds  are  deepened 
by  blunt  dissection  and  the  muscles  separated  from  the  under Mng  bones  and 
interosseous  membrane.  With  the  thumb  in  one  wound  and  the  index  finger 
in  the  other,  the  surgeon  now  holds  up  the  soft  parts  with  his  left  hand,  while 
he  completes  the  posterior  flap  by  cutting  through  the  muscles  from  without 
inward,  the  foot  being  held  in  forced  flexion  by  an  assistant.  The  anterior  flap 
is  next  fashioned  by  first  di^^ding  the  integument,  then  the  soft  parts  after  the 
integument  has  retracted,  and  finally  dissecting 
them  away  from  the  bones  and  interosseous 
membrane.  After  the  latter  structure  ha«  been 
incised,  the  flaps  are  retracted  by  an  assistant,  and 
the  tibia  and  fibula  diA'ided  by  the  saw.  As  in  all 
amputations  at  this  level,  the  posterior  tibial 
nerve  should  be  exposed  and  di\'ided  at  a  high  level. 

The  anterior  tibial  artery  is  secured  in  the  an- 
terior flap  in  front  of  the  interosseous  space.  The 
posterior  tibial  and  the  peroneal  arteries  will  Ije 
found  in  the  posterior  flap,  the  former  at  the 
middle  and  the  latter  behind  the  fibula.  The  mus- 
cles upon  the  anterior  and  posterior  aspects  of  the 
leg  may  be  united  b}^  catgut  sutures.  The  stump 
is  usually  a  most  ser^dceable  one,  and  the  trans- 
verse cicatrix  is  well  away  from  the  pressure  area. 

Teale's  Amputation  whth  a  Large  Ante- 
rior Flap.  (Figs.  181-184.)— This  method  may  be 
employed  in  exceptional  cases  where  the  tissues 
have  been  disintegrated  high  up  upon  the  pos- 
terior aspect  of  the  leg,  but  in  ordinary  cases  it 
necessitates  too  great  sacrifice  of  bone.  The 
length  and  breadth  of  the  anterior  flap  should  equal 
one-half  the  circumference  of  the  limb  at  the  pro- 
posed saw-cut.  Tlie  posterior  flap  should  be  one-fourth  the  length  of  the  anterior 
one.  Particular  care  should  be  taken  to  make  the  anterior  flap  just  as  broad 
below  as  it  is  above.  If  Teale's  amputation  has  any  place  in  surgery,  this  is 
the  most  favorable  site  for  its  performance. 

VOL.  rv'. — 22 


Fig.  181. — Teale's  Amputation  of 
the  Leg  by  Rectangular  Flaps.  The 
dotted  line  indicates  where  the  inci- 
sion is  to  b*'  made.  (From  Jacob- 
son  and  Steward:  "Operations  of 
Surgery.") 
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The  Modified  Circular  Amputation. — The  chief  objection  to  this  method 
always  has  been  that  it  leaves  a  terminal  scar.  At  the  present  day  this  objection 
is  no  longer  valid,  since  the  modern  artificial  limb  does  not  press  against  the 
end  of  the  stump  at  all,  but  supports  the  patient  by  making  pressure  upon  the 


Fig.  182. — Teale's  Amputation  of  the  Leg.     The  incision  in  the  skin  has  been  completed  and  the 
flap  has  been  turned  back.     (From  Jacobson  and  Steward:    "Operations  of  Surgery.") 

sloping  sides  of  the  extremity.     In  view  of  this  fact  the  writers  regard  this  method 
as  the  normal  procedure  in  the  lower  third.     (Fig.  185.) 

Two  lateral  semilunar  flaps  are  fashioned,  the  length  of  which  is  equal  to 
rather  more  than  one-quarter  of  the  circumference  of  the  limb  at  the  level  of  the 
proposed  saw-cut.     The  bases  of  the  flaps  are  situated  at  this  level  and  are  of 


Fig.  183. — Teale's  Amputation  of  the  Leg  Completed.     (From  Jacobson  and  Steward:    "Opera- 
tions of  Surgery.") 

equal  width.  After  the  skin  flaps  have  been  raised,  the  soft  tissues  are  divided 
circularly  and  the  interosseous  membrane  is  cleanly  incised.  A  three-tailed  re- 
tractor is  now  applied  and  the  bones  are  sawn  across,  the  fibula  being  divided 
about  half  an  inch  higher  than  the  tibia.  Periosteal  flaps  may  be  raised  with 
the  soft  parts  and  are  of  value. 

The  anterior  tibial  artery  is  secured  in  front  of  the  tibia  between  the  extensor 
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Fig.  184. — Transverse 
Posterior  Cicatrix  in  the 
Stump  left  by  a  Teale's 
Amputation  of  the  Low- 
er Half  of  the  Leg. 
(Farabeuf.) 


digitorum  longus  and  the  extensor  hallucis  longus.     The  posterior  tibial  artery 

is  behind  the  inner  border  of  the  tibia  at  the  outer  margin  of  the  flexor  digitorum 

longus.     The  peroneal  artery  hugs  the  inner  border  of  the 

fibula  in  the  substance  of  the  flexor  hallucis  longus.     The 

anterior  and  posterior  tibial  nerves  are  cleanly  di\'ided  at 

the  highest  possible  level,  and  the  wound  is  united  antero- 

post-eriorly  by  sutures.     A  small  drainage  tube  should  be 

inserted  at  either  angle  and  retained  for  twenty-four  hours. 
Amputations  in  the  Middle  Third  of  the  Leg.— The 

instruments  required  are  an  amputating  knife  with  a  five- 
inch  blade,  a  strong  scalpel,  an 
amputating  saw,  an  Esmarch's 
bandage,  a  three-tailed  retractor, 
a.periosted  elevator,  haanostats, 
dissecting  forceps,  scissors,  and 
needles. 

Amputation  by  a  Large  Pos- 
terior Flap  (Hey's  Operation). 
(Fig.  185.) — The  surgeon  stands  to  the  outer  side  of  the 
right  leg  or  the  inner  side  of  the  left,  as  the  case  may 
be.  The  patient's  knee  should  be  beyond  the  edge  of 
the  table.  Ha\'ing  decided  upon  the  level  of  the  bone 
section,  the  surgeon  should  measure  the  circumference 
of  the  leg  at  this  point  and  should  so  fashion  the 
posterior  flap  that  its  length  and  breadth  shall  be 
equal  to  one-half  of  this  measurement.  The  anterior 
flap  should  be  one-third  the  length  of  the  posterior 
one.  If  the  amputation  be  upon  the  right  side,  the 
limb  is  rotated  outward,  the  knee  flexed,  and  the  knife 
introduced  about  one  inch  below  the  proposed  bone 
section  and  just  behind  the  inner  border  of  the  tibia. 
The  incision  is  carried  vertically  downward  behind  this 
border  and  terminated  by  cur\-ing  outward  to  form  one 
side  of  the  U-sha})ed  flap.  The  leg  is  now  rotated  in- 
ward and  the  external  hmb  of  the  U  made  by  cutting 
from  above  downward  just  behind  the  peronei.  The 
posterior  cutaneous  incision  is  carried  well  through  the 
integument,  which  is  allowed  to  retract  freely.  The 
knee  is  now  flexed  and  turned  outward  and  the 
gastrocnemius  diAided  transversely  in  the  line  of  the 

end  of  the  flap.     Two  deep  vertical  incisions  are  next  made  in  the  line  of  the 

edges  of  the  flap,  the  inner  one  extending  to  the  tibia,  and  the  outer  to  the  fibula 


—I 


Fig.  185.— .4,  Modified  Cir- 
cular Supramalleolar  Ampu- 
tation (a,  saw-line  of  same)  ; 
B,  Hey's  amputation  (b,  saw- 
line  of  same) ;  C,  circular 
amputation  at  "the  place  of 
election"  (c,  saw-line  of 
same) ;  D,  Gritti's  operation. 
(From  Treves'  "  Operative 
Surgerj-.") 
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behind  the  peronei.  These  incisions  are  then  deepened  by  blunt  dissection  until 
the  thumb  and  forefinger  can  be  brought  in  contact  between  the  deep  muscu- 
lature and  the  bone,  when  the  posterior  flap  is  finished, 
as  in  the  posterior-flap  operation  in  the  lower  third. 
The  soft  parts  are  then  carefully  raised  from  the 
bones  until  the  level  of  the  proposed  bone  section  is 
reached. 

The  anterior  incision  is  next  made  through  the 
skin,  which  is  allowed  to  retract.  The  muscles  are 
then  divided  down  to  the  bones  at  the  edges  of  the 
retracted  flap,  and  the  anterior  flap  is  dissected  up- 
ward until  the  site  of  the  future  saw-cut  is  exposed. 
The  interosseous  membrane  having  been  carefully 
divided,  a  three-tailed  retractor  is  applied  and  the 
bones  are  sawn.  The  fibula  should  be  divided  half 
an  inch  higher  than  the  tibia,  and  the  sharp  crest  of 
the  latter  bone  should  be  removed  either  by  the 
rongeur  alone  or  by  this  instrument  after  a  prelim- 
inary obUque  cut  has  been  made  with  the  saw. 

The  anterior  tibial  artery  is  secured  in  the  an- 
terior flap  opposite  the  interosseous  space.  The 
posterior  tibial  and  peroneal  arteries  are  situated 
in  the  posterior  flap,  the  former  between  the  tibi- 
alis posticus  and  the  flexor  longus  digitorum,  and 
the  latter  in  the  substance  of  the  flexor  proprius 
hallucis.  The  posterior  tibial  nerve  should  be  dis- 
sected out  of  the  posterior  flap  and  divided  as  high 
up  as  possible. 

The  stump  resulting  from  this  operation  is  a  ser- 
viceable one  and  the  cicatrix  is  placed  anteriorly  well  out  of  the  pressure  area. 


Fig.  186.—^,  Disarticula- 
tion at  the  Knee  by  the  El- 
liptical Method  (Bauden's 
operation);  B,  Henry  Lee's 
amputation  of  the  leg.  (From 
Treves'  "  Operative  Surgerj-.") 


Fia.  187. — Mode  of  Cutting  the  Flap  in  the  Amputation  at  the  "Place  of  Election"  (see  B,  Fig.  185) 
by  a  Large  External  Flap.     (After  I'arabeuf.  from  Treves'  "Operative  Surgery.") 
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Lke's  Amputation  by  a  Large  Posterior  Fl-\p.  (Fig.  1S6.) — This  oi)eration 
"is  identical  with  Teale's  method,  except  that  the  posterior  flap  is  the  longer  and 
includes  onh'  the  superficial  muscles  of  the  calf.  It  is  easier  of  execution  than 
Hey's  amputation  in  this  situation,  but  re- 
quires a  higher  di\'ision  of  the  bones. 

Amputatiox  by  a  Long  External 
Flap.  —  The  "WTdth  of  the  external  flap 
should  equal  one-haK  of  the  circumference 
of  the  leg  at  the  site  of  proposed  section 
of  the  bones,  and  its  length  should  be  equal 
to  one-tliird  of  this  measiu-ement.  It  may 
contain  either  skin  alone  or  both  skin  and 
muscle.  The  internal  flap  is  short  and  semi- 
lunar in  shape.  The  bones  are  di^'ided  just 
above  the  angle  of  the  junction  of  the  two 
flaps,  and  the  edges  of  the  bones  should  be 
bevelled  either  with  the  saw  or  A^ith  the 
rongeur  forceps. 

The  resulting  stump  is  serviceable  and 
the  scar  well  placed  upon  the  inner  side. 

The  Modified  Circular  Method. — 
For  the  reasons  preTiously  stated,  the  writers  prefer  this  method  here,  as 
in  the  lower  third  of  the  leg.  (Page  338.)  It  is  carried  out  in  an  analo- 
gous manner. 

Amputation  in  the  Upper  Third  of  the  Leg. — Tlie  usual  amputation  in 
this  region  is  done  at  the  so-called  "  place  of  election,"  i.e.,  the  bones  are  divided. 
a  hand's  breadth  below  the  knee  joint.  The  instruments  required  are:  an 
amputating  knife  with  a  six-inch  blade,  a  strong  scalpel,  an  amputatmg  saw, 


Fig.  188. — Appearance  of  the  Stump 
after  tlie  Amputation  of  the  Leg  at  the 
"Place  of  Election"  by  a  Large  External 
Flap.  (After  Farabeuf,  from  Treves' 
"Operative  Surgery.") 


Fig.  189. — Methods  of  Sawing  the  Bones  of  the  L^.  (From  Treves'  "Operative  Surgerj'.") 
1,  Method  of  sawing  the  tibia,  the  saw  being  directed  at  first  downward  and  outward,  in  the  direction  of 
the  line  .4,  and  afterward  transversely  from  before  backward,  in  the  direction  of  the  line  B.  In  2  and 
3,  the  final  results  are  shown:  in  the  latter  figure  the  sawing  of  both  the  tibia  and  the  fibula  has  been 
slighUy  different  from  that  shown  in  2. 
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a  periosteal  elevator,   an  Esmarch's  bandage,  retractors,  dissecting  forceps, 
haemostats,  scissors,  and  needles. 

Amputation  by  a  Large  External  Flap.  (Figs.  187-190.) — This  method, 
originally  devised  by  Sedillot  and  greatly  elaborated  by  Farabeuf,  has  long 
been  popular.  In  operating  upon  the  right  leg  the  surgeon 
stands  upon  the  outer  side  of  the  limb  throughout  the  am- 
putation ;  upon  the  left  leg,  he  takes  up  his  position  at  the 
foot  and  slightly  to  the  outer  side  while  outlining  the 
flap,  but  stands  at  the  inner  side  during  the  subsequent 
steps.  The  length  of  the  external  U-shaped  flap  should 
be  one-third  the  circumference  of  the  limb  at  the  level 
of  the  proposed  bone  section. 

The  knee  having  been  flexed  and  the  leg  turned  so 
that  its  outer  aspect  is  well  exposed,  the  knife  is  intro- 
duced at  the  level  of  the  future  saw-cut  and  the  anterior 
limb  of  the  U  is  made  by  carrying  the  incision  downward 
parallel  with,  and  to  the  inner  side  of,  the  crest  of  the  tibia. 
The  posterior  limb  of  the  U  is  placed  upon  the  back  of 
the  calf  exactly  opposite  the  anterior  one,  but  it  termi- 
nates about  an  inch  and  a  half  below  the  level  of  the  pro- 
posed saw-cut.  The  leg  is  now  turned  upon  its  outer 
side  and  an  incision  is  carried  transversely  from  the  up- 
per extremity  of  the  posterior  limb  of  the  U  to  the  anterior  limb,  which  it 
should  join  about  an  inch  and  a  half  below  the  commencement  of  the  latter. 


Fig.  190.— stump  Re- 
sulting from  Amputa- 
tion 'of  the  Leg  at  the 
"Place  of  Election"  by 
a  Large  External  Flap. 
(After  Farabeuf,  from 
Treves'  "Operative  Sur- 
gery.") 


Fio.  191. — Amputation  of  the  Leg  by  (modified  circular)  Lateral  Flaps.  (After  Farabeuf,  from 
Jacobson  and  Steward:  "Operations  of  Surgery.")  a,  Position  of  the  knife  in  the  hand  of  the  surgeon 
at  the  beginning  of  the  incision ;   a',  its  position  when  the  incision  is  completed. 


The  leg  having  again  been  rotated  inward,  the  external  flap  is  dissected  up, 
the  dissection  commencing  at  the  anterior  limb  of  the  U.  The  soft  parts 
should  all  be  in  the  flap,  but  they  are  divided  obliquely  below  so  as  to  ren- 
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der  this  edge  of  the  flap  much  thimier.  Great  care  should  be  exercised  not 
to  carry  the  dissection  too  high,  smce  the  anterior  tibial  arterj-  might  inadver- 
tently be  di\dded  at  the  point  where  it  pierces  the  interosseous  membrane. 
The  nutrition  of  the  flap  is  derived  almost  entirely  from  this  vessel. 

The  small  mtemal  flap  is  next  raised  and  the  bones  are  cleared;  then  a 
three-tailed  retractor  is  appUed,  and  the  bones  are  di^'ided.  The  fibula  should  be 
sa\\ii  across  half  an  inch  higher  than  the  tibia,  and  it  _ 

has  been  ad\-ised  to  bevel  both  bones  laterally.  The 
jDeriosteum  may  be  previously  stripi3ed  up  with  the 
soft  parts  to  form  flaps  which  are  subsequently  applied 
to  the  ends  of  the  di\ided  bones. 

The  anterior  tibial  artery  is  secured  at  the  margin 
of  the  external  flap,  while  the  posterior  tibial  and  pe- 
roneal vessels  \N-ill  be  found  at  about  the  same  depth 
in  the  tissues  of  the  internal  flap.  The  resulting  stump 
is  most  useful,  the  scar  being  situated  upon  the  inner 
side  and  well  out  of  the  pressure  area.  The  movements 
of  the  knee  are  retained. 

Ampltation  by  the  Modified  Circular  Method. 
(Figs.  191  and  192.) — While  the  circular  method  maj- 
be  employed  in  the  upper  third  of  the  leg,  the  modified 
circular  method  ^^ill  be  found  more  satisfactory.  Two 
equal  lateral  tegumentarj'^  flaps  are  dissected  up  and  the 
soft  parts  are  divided  transversely.  The  bones  are  sa\Mi 
in  the  customary  manner. 

The  lengths  of  both  flaps  should  shghtly  exceed  one- 
cjuarter  of  the  circumference  of  the  leg  at  the  site  of 
the  proposed  bone  section.  The  bases  of  the  flaps 
should  be  three-quarters  of  an  inch  above  the  future 
saw-cut.  The  two  semilunar  incisions  commence  an- 
teriorly, just  to  the  outer  side  of  the  tibial  crest,  and 
meet  posteriorly  at  a  point  diametrically  opposite. 

The  stump  is  a  serAiceable  one  and,  although  the 
scar  is  terminal,  the  WTiters  prefer  this  method  here  as  in  other  regions  of 
the  leg. 

Amputation  at  the  Knee  Joint.— Sujsgical  Anatomy. — The  knee  joint 
is  formed  by  the  condyles  of  the  femur,  the  tuberosities  of  the  tibia,  and  the 
patella.  The  interarticular  line  is  somewhat  below  the  crease  that  passes 
transversely  across  the  pophteal  space,  and  at  about  the  level  of  the  lower  border 
of  the  patella  when  the  joint  is  extended.  The  internal  condyle  is  more  promi- 
nent than  the  external — an  important  point  to  remember  in  shaping  lateral 

5s.    The  external  semilunar  cartilage  is  smaller  and  more  movable  than  the 


Fig.  192. — Amputation  of 
the  Leg  by  (modified  circu- 
lar) Lateral  Flaps.  The 
muscles  are  being  severed 
with  circular  sweeps  of  the 
knife.  (From  Jacobson  and 
Steward:  "Oi)erationa  of 
Surgery.") 


344 


AMERICAN  PRACTICE  OF  SURGERY. 


internal  one.  The  tubercle  of  the  tibia  and  the  head  of  the  fibula  are  situated 
in  the  same  horizontal  plane.  The  synovial  membrane  extends  upward  above 
the  patella  for  about  two  inches.  The  skin  over  the  front  of  the  joint  is  dense, 
freely  movable,  and  well  nourished.  The  sites  of  the 
articular  branches  should  be  noted  in  order  that  the 
main  vessel  shall  be  not  ligatured  too  near  them,  for 
apparent  reasons.  Care  should  also  be  taken  to  pre- 
vent the  collection  of  fluid  of  any  kind  in  the  upper 
synovial  pouch.  Pressure  and  drainage  are  the  expe- 
dients available  under  these  circumstances. 

DiSARTICUIATION     BY      LATERAL      FlAPS      (StEPHEN 

Smith).  (Figs.  193,  194,  and  195.)— The  flap  consists  of 
skin  only,  the  posterior  muscles  being  divided  transverse- 
ly at  the  level  of  the  interarticular  line.  The  instruments 
required  are :  an  amputating  knife  with  a  six-inch  blade, 
a  strong  scalpel,  hsemostats,  an  Esmarch's  bandage, 
dissecting  forceps,  retractors,  scissors,  and  needles. 

The  patient  should  be  in  the  dorsal  position  with 
the  middle  of  the  thigh  at  the  lower  margin  of  the 
table.  The  operator  stands  at  the  outer  side  of  the 
right  leg  or  at  the  inner  side  of  the  left.  The  knee  is 
extended,  the  knife  introduced  anteriorly  in  the  median 
line  one  inch  below  the  tubercle  of  the  tibia,  and  the 
incision  carried  in  a  sweeping  curve]  outward  across 
the  most  prominent  portion  of  the  calf.  After  reaching  the  middle  line  pos- 
teriorly it  passes  vertically  upward  to  terminate  at  the  level  of  the  interarticu- 
lar line.  The  inner  flap  is  fashioned  in  a  similar  manner,  but  should  be  somewhat 
longer,  to  provide  sufficient  covering  for  the  prom- 
inent internal  condyle.  The  two  flaps  are  dissected 
up  to  the  level  of  the  joint,  the  ligamentum  patellae 
having  been  divided  against  the  tuberosity  of  the 
tibia. 

A  transverse  incision  is  next  made  along  the 
upper  margin  of  the  tibia;  it  divides  the  ilio-tibial 
band,  the  tendons  of  the  biceps,  sartorius,  gracilis, 
and  semitendinosus,  the  internal  and  external  lateral 
ligaments,  and  the  coronary  ligaments.  In  dividing 
the  latter  structures  the  surgeon  should  introduce 
the  knife  from  the  side  of  the  articulation.  After  the 
knee  has  been  flexed,  the  crucial  ligaments  are  carefully  severed.  The  flaps 
having  now  been  retracted  by  an  assistant,  the  disarticulation  is  completed 
by  a  transverse  cut  that  divides  the  posterior  ligament,  the  popliteal  vessels 


Fig.  193. — Amputations 
at  the  Knee  Joint.  (From 
Treves'  "Operative  Sur- 
gery.") A,  Stephen  Smith's 
disarticulation  at  the  knee ; 
B,  amputation  of  the  thigh 
by  lateral  flaps. 


Fig.  194. — Stump  after  Am- 
putation by  Lateral  Flaps,  and 
Before  the  Sutures  have  been 
Applied.     (After  Stephen  Smith.) 
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and  nerves,  the  popliteus  and  gastrocnemius  muscles,  and  the  tendon  of  the 
"semimembranosus. 

Tlie  popliteal  artery  and  vein  are  secured  just  behmd  the  condj'le.  Other 
vessels  which  may  demand  attention  are  the  sural  arteries,  the  superior  £(^d 
azygos  articular  arteries,  and  the  superficial  branch  of  the  anastomotica  magna 
(in  the  internal  flap).  Tlie  semilunar  cartilages  should 
not  be  removed,  since  they  prevent  retraction  of  the  soft 
parts  and  ob^date  any  undue  protrusion  of  the  condyles. 

This  is  undoubtedly  the  most  satisfactory  method  of 
disarticulating  in  this  location.  The  wound  furnishes  ex- 
cellent drainage,  and  the  stump  is  most  serviceable,  be- 
cause of  its  broad  bearing  and  the  location  of  the  "cicatrix 
in  the  intercondyloid  notch. 

Disarticulation  by  the  Ellipi'ical  Method  (Bau- 
den's  Operation).  (Fig.  186.) — The  mstruments  required 
and  the  position  of  the  patient  and  surgeon  are  the  same        Fig.  195.— The  stump 

,  ,.  ■    .  TT       •  1    i.  •        1    i.1-  after    Stephen     Smith's 

as  m  the  preceding  operation.  HaAing  determmed  the  Amputation  at  the 
antero-posterior  diameter  at  the  level  of  the  interarticu-  Knee  Joint.  (After  Brj-- 
lar  Une  the  surgeon  should  make  the  elliptical  incision  in     ^^t  /rem  Treves'  "Op- 

'^  ^  erative  Surgerj'.  ) 

such  a  manner  that  its  lower  and  anterior  portion  shall  cross 
the  tibial  crest  at  a  distance  below  the  interarticular  line  equal  to  the  pre\'iously 
measured  diameter.  The  higher  and  posterior  portion  of  the  ellipse  crosses  the 
posterior  median  line  a  half  diameter  below  the  same  level.  The  skin  upon  the 
anterior  aspect  of  the  knee  is  now  dissected  up  as  far  as  the  patella,  and  that 
upon  the  posterior  surface  is  retracted  to  the  interarticular  line.  The  knee  havmg 
been  flexed,  the  Hgamentum  patellae  is  di\'ided,  the  knife  is  inserted  between  the 
semilunar  cartilages  and  the  head  of  the  tibia,  and  the  disarticulation  is  com- 
pleted. No  attempt  should  be  made  to  dissect  the  patella  from  the  anterior 
flap  since  this  procedure  greatly  endangers  the  future  welfare  of  the  integument. 
The  semilunar  cartilages  are  also  retained,  for  the  reason  given  in  the  preceding 
description. 

The  resulting  stump  is  a  ser\dceable  one,  the  cicatrix  being  upon  the  posterior 
aspect  and  well  out  of  the  pressure  area. 

Disarticulation  by  a  Long  Anterior  Flap  (Pollock's  Operation). — 
This  method  is  not  nearly  so  satisfactory  as  the  two  preceding  ones.  The  con- 
dyles are  not  so  well  covered  and  the  anterior  flap  is  so  long  that  it  is  very  apt 
to  slough. 

Amputation  of  the  Thigh  Immediately  .above  the  Knee  Joint  (Garden's 
Operation).  (Fig.  179.) — The  instruments  required  are:  an  amputating  knife 
with  a  six-inch  blade,  a  strong  scalpel,  Butcher's  saw,  an  Esmarch's  bandage, 
retractors,  ha'mostats,  dissecting  forceps,  lion-jaw  forceps,  scissors,  and  needles. 

The  patient  and  the  ojjerator  should  be  in  the  same  relative  positions  as  in 
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disarticulation  at  the  knee  joint.  The  knee  is  slightly  flexed  and  the  thumb 
and  forefinger  of  the  left  hand  are  placed  upon  the  most  prominent  part  of 
each  condyle.  The  anterior  incision  traverses  the  integument  between  these 
points  in  a  gentle  curve  the  convexity  of  which  crosses  the  anterior  median  line 
about  two  inches  below  the  patella.  The  posterior  incision  is  practically  trans- 
verse. The  limb  is  now  extended  and  the  anterior  flap  dissected  up ;  it  should 
contain  the  capsular  ligament  and  all  of  the  soft  tissues  down  to  the  patella. 
After  the  anterior  flap  has  been  liberated  the  tissues  upon  the  posterior  aspect  of 
the  thigh  may  be  retracted  above  the  level  of  the  proposed  saw-cut.  The  knee  is 
flexed,  the  joint  is  opened  above  the  patella  through  the  quadriceps  tendon,  and 
the  leg  is  disarticulated.  With  the  soft  parts  well  retracted  the  condyles  are  sawn 
across,  the  saw  being  held  parallel  to  the  articular  surface  and  perpendicular  to  the 
femur.  In  patients  under  eighteen  the  saw  should  be  applied  below  the  level 
of  the  adductor  tubercle  so  that  the  epiphyseal  line  shall  not  be  disturbed. 

The  popliteal  artery  will  be  found  close  to  the  inner  side  of  the  bone.  The 
popUteal  vein  is  behind  and  to  the  outer  side  of  the  artery.  The  two  superior 
articular  arteries  are  divided  close  to  the  bone.  The  anastomotica  magna 
is  upon  the  inner  side,  and  the  descending  branches  of  this  artery  and  the  branches 
of  the  descending  portion  of  the  external  circumflex  are  located  in  the  margin 
of  the  anterior  flap. 

Lister's  Modification  of  Carden's  Operation.  (Fig.  179.) — This  consists  of 
making  an  anterior  flap  by  a  transverse  incision  across  the  front  of  the  leg  at  the 
level  of  the  tubercle  of  the  tibia.  There  is  also  made  a  short  posterior  flap  the 
edges  of  which  are  at  an  angle  of  forty-five  degrees  to  the  long  axis  of  the  leg. 
The  posterior  flap  is  dissected  up,  the  hamstrings  are  divided,  and  the  tissues 
upon  the  anterior  aspect  are  raised  until  the  upper  border  of  the  patella  is  ex- 
posed. The  insertion  of  the  quadriceps  tendon  is  next  divided  and  the  bone  is 
cleared  immediately  above  the  articular  cartilage.  The  limb  is  finally  removed 
by  sawing  through  the  fenmr,  the  saw  being  applied  vertically  and  at  right 
angles  to  the  axis  of  the  limb. 

Farabeuf's  Modification  of  Carden's  Operation. — This  is  almost  a  new 
procedure,  although  the  bone  is  divided  at  the  same  level.  An  anterior  U- 
shaped  flap  is  fashioned,  the  length  of  which  exceeds  the  antero-posterior  diam- 
eter of  the  limb  at  the  future  saw  line  by  about  an  inch.  The  base  of  this  flap 
is  just  below  the  joint  line;  the  outer  edge  is  over  the  fibula, and  the  inner  one 
is  about  two  inches  behind  the  internal  margin  of  the  tibia.  A  posterior  flap, 
one-half  the  length  of  the  anterior  one,  is  next  cut.  The  remaining  steps  of  the 
operation  are  identical  with  those  of  Carden's  amputation. 

Either  of  these  modifications  gives  a  better  stump  than  Carden's  method, 
the  cicatrix  being  well  placed  upon  the  posterior  aspect  of  the  limb. 

Gritti's  Transcondyloid  Amputation.  (Fig.  185.) — In  this  operation  the 
cartilaginous  surface  of  the  patella  is  removed,  and  the  remainder  of  the  bone 
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is  brought  in  contact  with  a  section  of  the  femur  made  at  about  the  level  of 
the  adductor  tubercle.  It  holds  the  same  relation  to  Garden's  operation  as 
does  a  Pirogoff  to  a  Syme's. 

An  anterior  rectangular  flap  is  fashioned,  the  base  of  which  extends  be- 
tween the  most  prominent  portions  of  the  condyles',  while  its  end  reaches  to 
the  tibial  tubercle.  Tlie  skin  upon  the  posterior  aspect  of  the  limb  is  diAided 
by  a  transverse  or  slightly  curved  incision  which  connects  the  ends  of  the  an- 
terior one.  The  ligamentum  patellae  is  di\dded  at  its  insertion  and  the  anterior 
flap  is  dissected  up.  The  section  of  the  condyles  is  made  in  the  usual  manner. 
The  assistant  now  holds  the  anterior  flap  with  both  hands  in  such  a  maimer  that 
the  patella  projects,  and  a  second  assistant  steadies  it  with  a  Uon-jaw  forceps 
while  the  first  saw-cuts  are  made.  During  the  sawing  the  surgeon  aids  in  the 
fixation  of  the  patella  by  holding  the  Ugamentum  patellae  in  a  strong  pair  of 
forceps  in  the  left  hand.  A  much  safer  way  of  removing  the  articular  surface 
of  the  patella  is  by  means  of  the  rongeur  forceps. 

There  are  many  objections  to  this  operation.  There  is  quite  a  difference  in 
the  areas  of  the  apposed  bone  sections,  and  it  is  almost  impossible  to  keep  the 
patella  in  close  contact  xsith  the  sawn  surface  of  the  femur,  o\Ning  to  the  facts 
that  the  latter  bone  is  divided  so  low  and  that  the  quadriceps  pulls  the  patella 
upward.  Sabanajew  sought  to  overcome  these  objections  by  forming  a  bone 
flap  from  the  upper  and  anterior  aspect  of  the  tibia,  including  the  insertion  of  the 
patellar  ligament,  and  bringing  this  flap  in  contact  with  the  sawn  siu-face 
of  the  condyles.  A  much  better  operation  is  the  one  which  we  shall  next 
describe. 

Stokes'  Supil\condyloid  Amputation. — In  tliis  operation  the  femur  is 
sawn  from  half  to  three-quarters  of  an  inch  above  the  condyles.  This  sawn  sur- 
face corresponds  more  accurately  with  that  of  the  pateUa  than  does  the  bone 
section  in  Gritti's  method.  The  medullary  canal  is  not  opened  up  by  the  saw. 
Owing  to  the  higher  division  of  the  femur  the  quadriceps  is  relaxed  and  shows  but 
little  tendency  to  pull  the  patella  upward. 

An  anterior  oval  flap  is  made  by  incisions  which  start  from  two  points, 
situated  one  inch  above  each  condyle,  and  which  extend  to  just  below  the  tibial 
tubercle.  A  posterior  flap,  one-thiid  of  the  length  of  the  anterior  one,  is  also 
fashioned  by  cutting  from  without  inward. 

In  concluding  the  operation  the  surgeon  may  suture  the  soft  parts  above 
the  patella  to  the  posterior  flap,  and  he  may  cause  the  bones  to  be  held  together 
by  the  employment  of  catgut  sutures. 

Amputation  of  the  Thigh. — There  are  several  methods  of  performing  an  am- 
putation of  the  thigh.  We  shall  describe  here  briefly  some  of  the  more  im- 
portant ones. 

The  Circular  Amputation.  (Figs.  196  and  197.)— The  instruments  required 
are  an  amputating  knife  with  an  eight-inch  blade  for  the  circular  method,  an 
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amputating  knife  with  a  ten-inch  blade  if  transfixion  is  to  be  employed,  a 
stout  scalpel  with  a  four-inch  blade,  an  Esmarch's  bandage,  a  large  amputating 
saw,  a  small  Butcher's  saw,  hsemostats,  dissecting  forceps,  retractors,  scissors, 
and  needles. 

This  method  is  applicable  only  to  the  lower  third,  and,  owing"  to  the  greater 
retraction  of  the  muscles  upon  the  posterior  and  inner  aspect  of  the  thigh,  the 

incision  must  be  obliquely  placed.  Upon 
the  posterior  and  inner  aspect  of  this  part 
of  the  Hmb  the  distance  between  the  cuta- 
neous incision  and  the  site  of  the  proposed 
division  of  the  bone-  should  be  equal  to 
about  one-third  of  the  circumference  of 
the  thigh  at  the  latter  level.  The  similar 
distance  upon  the  anterior  and  external 
aspect  of  the  thigh  should  be  equal  to  one- 
fourth  of  the  same  circumference.  AVhen 
the  skin  is  retracted  great  care  should  be 
exercised  to  preserve  the  original  obliquity 
of  the  incision.  No  attempt  should  be 
made  to  turn  back  a  "cufT,"  as  such  a 
procedure  is  usually  impossible  and  al- 
ways endangers  the  future  nutrition  of 
the  integument.  After  the  skin  has  been 
well  retracted  the  postero-inferior  muscle 
groups  are  severed  by  a  vigorous  sweep 
of  the  knife  and  allowed  to  retract.  Tlie 
remaining  muscles  are  now  divided  at  the 
level  of  the  retracted  ones,  the  plane  of 
division  being  obhque,  to  correspond  with 
the  cutaneous  incision.  After  the  bone 
has  been  cleared,  a  two-tailed  retractor  is 
applied  and  the  femur  divided  with  the 
saw.  The  projecting  linea  aspera  should 
be  carefully  rounded  off  with  a  rongeur 
forceps.  Some  operators  consider  it  wiser 
to  sever  the  muscles  singly,  especially  the  posterior  group,  thus  permitting  each 
to  retract  in  accordance  with  its  individual  characteristics. 

The  femoral  (or  the  popliteal)  artery  and  the  descending  branch  of  the  ex- 
ternal circumflex  artery  are  ligated,  together  with  any  other  branches  that  may 
demand  attention. 

This  and  the  following  method  are  the  ones  to  be  adopted  when  there  is 
not  sufficient  tissue  to  form  a  long  anterior  flap,  the  chief  advantages  being  the 


Fig.  196. — A,  Circular  Amputation  of  the 
Thigh  (a,  saw-line  of  same) ;  B,  amputation 
of  thigh  by  equal  antero-posterior  flaps  (6, 
saw-line  of  same) ;  C,  disarticulation  at  the 
hip  by  an  external  racquet  incision.  (From 
Treves'  "Operative  Surgery.") 
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comparatively  small  size  of  the  womid,  the  smallest  possible  section  of  the 
muscles,  and  the  clean  di\ision  of  the  main  vessels. 

Sy.me's  Modification  of  the  Circular  Amputation. — In  this  procedure 
two  lateral  vertical  releasing  incisions  are  made  which  greatly  aid  in  the  ele^a- 
tion  of  the  skin.  The  flaps,  for  a  distance  of  two  inches  above  their  bases,  are 
dissected  up,  the  exposed  nmscles  are  di\ided  in  front  at  their  highest  and 
behind  at  their  lowest  level,  a  two-tailed  retractor  is  appUed,  and  the  bone  is 
sa\Mi  two  inches  above  the  level  of  the  division  of  the  anterior  muscles.  This  is 
the  method  we  have  usually  selected  whenever  it  could  be  employed. 

The  Amputation  by  Equal  Lateral  Flaps.  (Vermale.) — The  length  of 
each  U-shaped  flap  should  be  equal  to  the  diameter  of  the  Umb  at  the  level  of 
the  bone  section.  The  flaps  are  both  cut  b}'  transfixion,  the  knife  being  inserted 
just  below  the  level  of  the  proposed  saw-cut.    Both  flaps  are  forcibly  retracted 


Fig.  197. — Circular  Amputation  of  the  Thigh.     To  show  the  greater  retractioa  of  the  muscles 
belxLnd.     (From  Jacobson  and  Steward:    "Operations  of  Surgen.-.") 

and  an  incision  is  made  around  the  femur  at  least  an  inch  higher  than  the  site 
of  transfixion.  The  chief  objections  to  this  method  are  those  inseparable  from 
transfixion,  viz.,  the  tendency  to  unequal  retraction  of  the  flaps  and  to  forward 
projection  of  the  femur. 

The  Amputation  by  Equal  Antero-Posterior  Flaps.  (Fig.  196.) — Tlie 
base  of  each  L'-shaped  flap  is  equal  to  one-half  the  circumference  of  the  limb. 
The  posterior  flap  should  be  cut  somewhat  longer  than  the  anterior  one,  to  allow 
for  retraction.  The  general  rule  is  to  make  the  posterior  flap  equal  in  length 
to  the  diameter  of  the  thigh  at  the  level  of  the  proposed  bone  section,  while 
the  length  of  the  anterior  flap  should  be  about  three-fourths  of  this  diameter. 
If  this  method  be  employed  the  flap  should  be  cut  from  without  inward,  and 
not  by  transfixion,  as  was  formerly  the  practice. 

Amputation  by  the  Long  Anterior  and  Short  Posterior  Flaps.  (Fara- 
beuf.)  (Fig.  198.)— Both  flaps  are  L'-shaped.  The  Vjase  of  the  anterior  flap  exceeds 
one-half  the  circumference  of  the  thigh,  and  its  length  should  be  equal  to  one  and 
one-half  diameters  of  the  extremity  at  the  level  of  the  proposed  bone  section.  The 
length  of  the  })osterior  flap  is  equal  to  one-half  of  the  same  diameter.  In  cutting 
these  flaps  the  surgeon  should  carry  the  first  incisions  through  the  integument 
alone.    The  soft  parts  in  the  anterior  flap  are  then  held  in  the  left  hand  and 
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the  contained  muscles  are  divided  obliquely  from  without  inward  until  the  bone 
is  exposed.  The  posterior  flap  is  fashioned  in  a  similar  manner,  although,  if 
the  thigh  be  very  muscular,  transfixion  may  be  employed.  Both  flaps  are  thin- 
nest at  their  extremities,  but  their  bases  include  all  of  the  muscles  down  to  the 
bone.  A  two-tailed  retractor  is  applied  and  the  bone  divided  in  the  usual 
manner.     If  the  amputation  be  performed  above  the  middle  of  the  thigh  the 

femoral  and  the  profunda  arteries  ^vill  both  be 
found  in  the  anterior  flap.  If  the  amputation  be 
made  below  the  middle  of  the  thigh  the  anterior 
flap  should  be  placed  slightly  toward  the  outer 
side,  to  avoid  splitting  the  femoral  artery.  WTien 
the  amputation  is  exactly  in  the  middle  of  the 
thigh  and  the  anterior  flap  is  antero-external,  the 
femoral  artery  is  divided  in  the  posterior  flap. 
The  descending  branch  of  the  external  circumflex 
is  always  found  in  the  anterior  flap.  In  the  lower 
third  of  the  thigh  the  anastomotica  magna  will  l^e 
found  at  the  inner  side  of  the  posterior  flap. 

Disarticulation  at  the  Hip  Joint. — Surgical 
Anatomy. — The  hip  joint  is  formed  by  the  ace- 
tabulum and  the  head  of  the  femur.  The  thick- 
est portion  of  the  capsular  ligament  is  in  front 
and  is  known  as  the  ilio-femoral  ligament.  The 
following  muscles  are  in  relation  with  the  joint: 
anteriorly,  the  psoas  and  iUacus;  superiorly,  the 
reflected  head  of  the  rectus  and  the  gluteus  min- 
imus; internally,  the  obturator  externus  and  the 
pectineus;  posteriorly,  the  pyriformis,  the  obtura- 
tor internus  with  the  gemelli,  the  obturator  ex- 
ternus, and  the  quadratus  femoris. 

The  largest  bursse  about  the  joint  are  those 
behind  the  trochanter  and  the  gluteus  maximus, 
and  between  the  latter  muscle  and  the  vastus  ex- 
ternus. The  pubic  spine  and  the  great  trochanter 
are  at  about  the  same  level,  and  the  tip  of  the  latter  is  opposite  to  the  centre  of 
the  hip  joint.  The  gluteo-femoral  crease  does  not  correspond  with  the  lower 
margin  of  the  gluteus  maximus,  but  is  situated  at  a  higher  level. 

The  common  femoral  artery  lies  upon  the  psoas,  which  separates  it  from  the 
capsular  ligament  of  the  hip  joint.  The  profunda  femoris  arises  an  inch  and  a 
half  below  Poupart's  ligament,  while  the  two  circimiflex  arteries  arise  half  an 
inch  below.  The  internal  circumflex  artery  passes  backward  to  the  level  of 
the  lesser  trochanter. 


Fig.  198. — A,  Amputation  of 
the  Thigh  by  Long  Anterior  and 
Short  Posterior  Flaps;  B,  Disar- 
ticulation at  the  hip  by  antero- 
posterior flaps.  (From  Treves' 
"Operative  Surgery.") 


AMPUTATIONS  AND  DISARTICUIATIONS.  351 

It  is  of  the  greatest  importance  to  guard,  so  far  as  is  possible,  against  shock. 
This  is  to  be  done  by  haA-ing  the  temperature  of  the  operating-room  raised,  and 
the  trunk  and  hmbs  swathed  in  wool  or  cotton.  A  hypodermatic  injection  of 
morphia  and  atropine  should  be  given  one  hour  preceding  the  operation.  Every- 
thing should  be  in  readiness  for  enteroclysis  and  hypodermoclysis — the  former 
to  be  used  in  every  case,  the  latter  to  supplement  it  if  shock  be  profound.  (See 
article  on  Surgical  Shock,  in  Vol.  I.) 

Particularly  must  every  precautionary'  measure  be  taken  if  the  operation  is 
made  necessary  by  traumatism,  for  in  such  cases  the  mortality  is  excessive, 
and  the  shock  of  the  operation,  added  to  that  already  existing  from  the  injury 
received,  will  generally  cause  this  to  be  the  most  fatal  operation  in  surgery. 
In  operations  for  the  cure  of  disease  the  conditions  are  quite  different. 

Methods  of  Controlling  Hemorrhage. — Many  tourniquets  have  been  de^'ised  for 
making  pressure  upon  the  abdominal  aorta.  In  the  absence  of  a  special  instru- 
ment a  firm  pad,  such  as  a  pin-cushion,  has  been  placed  over  the  aorta  at  the 
level  of  the  iUac  crest  and  held  in  position  by  elastic  bands  which  do  not  en- 
circle the  waist,  but  are  connected  with  the  ends  of  a  rigid  object  placed  trans- 
versely beneath  the  back  and  extending  laterally  beyond  the  body.  Such 
methods,  however,  are  dangerous,  since  they  may  cut  off  some  of  the  circulation 
of  the  intestine,  cause  gangrene  of  the  tissues,  and  produce  sudden  engorge- 
ment of  the  viscera.  They  also  may  fail  to  accomplish  the  desired  purpose 
by  reason  of  the  fact  that  the  compressing  appliance  is  easily  disturbed 
and  consequently  fails  to  arrest  the  circulation  in  the  lower  aorta.  One  grave 
objection  is  that  they  do  not  control  venous  bleeding  at  all.  If  pressure  is  to 
be  made  upon  the  aorta,  Macewen's  method  may  be  employed.  In  this  method 
an  assistant  places  his  right  fist  slightly  to  the  left  of  the  umbiUcus  and  makes 
the  necessary  pressure. 

A  valuable  and  accurate  method  of  compression  is  that  suggested  by  Mc- 
Bumey,  who  makes  his  ''gridiron"  incision  for  appendicitis  and  then  has  an  as- 
sistant introduce  his  finger  into  the  abdomen  and  compress  the  common  iliac 
artery  agamst  the  inner  border  of  the  psoas  muscle. 

Lloyd's  method  of  elastic  constriction  is  admirable  and  is  applied  as  follows: 
After  the  extremity  has  been  drained  of  its  blood  by  elevation,  "'  a  strip  of  black 
India-rubber  bandage,  two  yards  long,  is  to  be  doubled  and  passed  between  the 
thighs,  its  centre  lying  between  the  tuber  ischii  of  the  side  to  be  operated  upon 
and  the  anus.  A  common  calico  thigh  roller  should  next  be  laid  lengthwise  over 
the  external  iliac  artery.  Tlie  ends  of  the  rubber  bandage  are  now  to  be  firmly 
and  steadily  drawn  in  a  direction  upward  and  outward,  one  in  front  and  one 
behind,  to  a  point  above  the  centre  of  the  iliac  crest  of  the  same  side.  They 
must  be  pulled  tightly  enough  to  check  pulsation  in  the  femoral  artery.  The 
front  part  of  the  band,  passing  across  the  compress,  occludes  the  external  iliac 
artery  and  runs  parallel  to  and  a  little  above  Poupart's  ligament.     The  back 
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half  of  the  band  runs  across  the  great  sacro-sciatic  notch,  and,  by  compressing 
the  vessels,  prevents  bleeding  from  the  branches  of  the  internal  iliac  artery  which 
pass  through  this  notch.  The  ends  of  the  elastic  band  can  be  held  b}^  the  hands 
of  an  assistant,  or  bandages  may  be  attached  to  its  extremities  and  passed 
across  the  opposite  shoulder  and  tied;  care  being  taken  to  prevent  the  com- 
pression rollers  from  slipping." 

Trendelenburg  transfixed  the  soft  parts  in  front  of  the  joint  with  a  steel  rod 
and  then  compressed  the  tissues  against  it  by  winding  an  elastic  tube  about 
its  ends,  the  figure-of-8  turns  passing  in  front  of  the  thigh.  The  rod  was 
about  fifteen  inches  long  and  was  provided  with  a  separable  lance-shaped  point 
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Fig.  199. — Method  of  Hacmostasis  as  Applied  to  an  Amputation  at  the  Hip  Joint.  First  stage. 
Pins  and  rubber-tube  tourniquet  are  in  position.  The  Esmarch  bandage  has  been  removed.  (From 
"Practice  of  Surgery,"  by  John  A.  Wyeth,  M.D.,  LL.D.,  New  York,  1908;  by  permission.) 


two  inches  in  length.  The  shaft  of  the  rod  was  biconvex  upon  cross-section, 
one-quarter  of  an  inch  in  width  and  a  twelfth  of  an  inch  in  thickness  at  its 
centre. 

Wyeth's  Bloodless  Method.— (Figs.  199,  200,  201,  and  202.)— This  is  the 
most  valuable  improvement  made  in  recent  years  in  the  prevention  of  hemorrhage 
in  this  operation.  It  is  almost  universally  adopted  in  America  at  the  present 
time.  Affording,  as  it  does,  such  absolute  security  from  hemorrhage  it  is  diffi- 
cult to  conceive,  of  any  condition  where  other  methods  should  be  preferred. 
Two  steel  mattress-needles  are  employed  as  pins ;  they  should  be  a  foot  long  and 
three-sixteenths  of  an  inch  in  diameter.  After  the  extremity  has  been  drained  of 
blood,  either  by  an  Esmarch  bandage  or  by  elevation,  the  first  pin  is  inserted  an 
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inch  and  a  half  below  and  slightly  to  the  inner  side  of  the  anterior  superior  spine 
of  the  ilium  and  made  to  traverse  the  muscles  midway  between  the  greater  tro- 
chanter and  the  iliac  spine,  and  to  emerge  just  behind  the  trochanter.  The 
second  pin  is  inserted  to  the  inner  side  of  the  saphenous  opening  half  an  inch 
below  the  groin,  pushed  through  the  adductor  muscles,  and  brought  out  one  inch 
below  and  in  front  of  the  tuberosity  of  the  iscliium.  The  pomts  of  the  pins  are 
then  protected  with  corks  to  prevent  subsequent  injury.  A  piece  of  strong  half- 
inch  rubber  tubing  is  now  wound  tightly  about  the  thigh  above  the  fixation 
pins.  The  tubing  should  be  long  enough  to  go  around  five  or  six  times,  and 
its  ends  should  be  either  clamped  or  tied. 


Fig.  200. — Wyeth's  Method  of  Htemostasis  as  Applied  to  an  Amputation  at  the  Hip  Joint. 
Second  stage.  The  soft  parts  have  been  dissected  from  the  bone  and  the  capsule  is  exposed.  (From 
"Practice  of  Surgery,"  by  John  A.  Wyeth,  M.D.,  LL.D.,  New  York,  1908;  by  permission.) 


Although  many  varieties  of  disarticulation  at  the  hip  joint  have  been  de- 
scribed, the  great  majority  have  fallen  into  disuse,  and  only  those  will  be  consid- 
ered here  which  are  in  general  use  at  the  present  day. 

Tlie  instruments  employed  are  those  appliances  which  are  necessary  for  the 
appUcation  of  the  elastic  tourniquet,  a  strong-  amputating  knife  with  a  six-inch 
blade,  a  strong  scalpel,  an  amputating  saw,  Uon  forceps,  periosteal  elevator, 
dissecting  forceps,  haemostats,  scissors,  and  needles. 

After  the  pins  and  the  elastic  constrictor  have  been  applied,  as  described 
above,  a  circular  incision  is  made  about  the  thigh  six  inches  below  the  tourni- 
quet and  extending  to  the  deep  fascia. 

A  cellulo-cutaneous  flap  is  now  raised  until  the  level  of  the  lesser  trochanter 
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is  reached,  vertical  releasing  incisions  being  made  if  necessary.  The  muscles 
are  then  divided  by  a  circular  sweep  of  the  knife  at  the  base  of  the  reflected 
flap,  and  the  bone  is  sawn  across  at  a  lower  level  so  as  to  provide  good  lever- 


FiG.  201.— Wycth's  Method  of  Hipmostasis  as  Applied  to  an  Amputation  at  tlic  Hip  Joint. 
Tliird  stage.  The  chsarticulation  is  now  complete.  The  constrictor,  however,  still  remains  in  position. 
(From  "Practice  of  Surgery,"  by  John  A.  Wyeth,  M.D.,  LL.D.,  New  York,  1908;  by  permission.) 


Fig.  202. — Wyeth's  Method  of  Hirmostasis  as  Applied  to  an  Amputation  at  the  Hip  Joint.  The 
operation  completed.  (From  "Practice  of  Surgery,"  by  John  A.  Wyeth,  M.D.,  LL.D.,  New  York, 
1908;  by  permission.) 
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age  for  the  subsequent  disarticulation.  The  large  vessels  are  now  tied,  the 
rubber  tubing  is  cautiously  loosened,  and  all  bleeding  points  are  seized  and 
ligated.  The  muscular  attachments  of  the  upper  end  of  the  femur  are  next 
divided,  the  capsular  and  cotyloid  hgaments  are  incised  posteriorly,  and  the 
lower  extremity  of  the  bone  is  carried  upward  and  inward  so  that  dislocation 
occurs,  when  the  capsular  and  round  ligaments  may  be  divided  and  the  bone 
removed.  The  flaps  are  coapted  vertically.  The  drain  should  be  placed  exter- 
nally and  the  inner  portion*  of  the  wound  should  be  specially  protected  to  pre- 
vent infection  from  the  urine  or  the  fjeces. 

Sexx's  Bloodless  Method.   (Tigs.  203  and  204.)— An  mcision  is  commenced 
three  inches  above  the  tij)  of  the  great  trochanter  and  is  carried  downward  in 


Fig.  203. — Senn's  Bloodless  Amputation  at  the  Hip  Joint.  Head  of  femur  dislocated  through 
incision :  elastic  con.«trictors  in  place,  anterior  one  tied.  (Copied  from  "Brj-ant's  Operative  Surgerj-," 
D.  Appletou  &  Co.,  Xew  York,  1905;  by  penui.ssion.) 

the  long  axis  of  the  lx)ne  for  a  distance  of  eight  inches.  The  insertions  of  the 
muscles  are  severed  close  to  the  bone,  and  the  thigh  is  flexed,  forcibh'  adduct  ed, 
and  rotated  inward,  after  which  the  upper  and  posterior  part  of  the  capsular 
ligament  is  incisetl.  The  thigh  having  now  been  shghtly  flexed,  the  complete 
division  of  the  capsular  ligament  is  effected.  The  head  of  the  bone  is  dislocated 
outward,  and  the  round  ligament  divided,  or,  if  this  be  im|X)ssible,  the  bone 
is  dislocated  upon  the  dorsum  of  the  ilium.  The  upper  portion  of  the  femoral 
shaft  and  the  lesser  trochanter  are  then  well  bared  and  the  limb  is  brought  in 
line  with  the  trunk  and  slightly  flexetl.  A  long  and  strong  forceps  is  now  intro- 
duced into  the  wound,  passetl  behind  the  femur  at  the  normal  level  of  the  lesser 
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trochanter,  and  pushed  downward  and  inward  to  a  point  immediately  behind 
the  adductor  muscles  and  two  inches  below  the  tuber  ischii.  An  incision,  two 
inches  in  length,  is  made  upon  the  point  of  the  forceps,  which  thereupon  emerges 
through  the  opening.  A  piece  of  rubber  tubing,  four  feet  long  and  three-quar- 
ters of  an  inch  in  diameter,  is  seized  at  its  middle  by  the  forceps  and  pulled 
through  the  tunnel  made  in  the  tissues  of  the  thigh.  The  tubing  is  cut  at  the 
point  at  which  it  was  seized  by  the  forceps,  the  intention  being  to  use  one-half 
(at  a  later  stage  of  the  operation)  to  constrict  the  tissues  in  the  anterior  aspect 
of  the  thigh,  while  the  other  is  similarly  to  be  utilized  in  constricting  those 
upon  the  posterior  aspect.    After  the  extremity  has  been  drained  by  elevating 


Fig.  204. — Senn's  Bloodless  Amputation  at  the  Hip  Joint.  Elastic  constriction  completed; 
antero-posterior  flaps  formed  of  all  tissues  down  to  muscles.  (Copied  from  "Bryant's  Operative 
Surgery,"  D    Appleton  &  Co.,  New  York,  1905;  by  permission.) 

the  limb,  the  constricting  pieces  of  tubing  are  tied  and  the  amputation  is  com- 
pleted in  the  usual  manner. 

Disarticulation  through  an  External  Racquet  Incision.  (Fig.  196.) — 
The  pelvis  of  the  patient  rests  upon  the  edge  of  the  table.  The  surgeon  stands 
to  the  outer  side  of  the  thigh,  facmg  the  patient.  The  circulation  having  been 
completely  controlled,  the  thigh  is  adducted,  slightly  flexed,  and  rotated  inward. 
The  knife  is  inserted  two  inches  above  the  tip  of  the  great  trochanter,  and  a 
vertical  incision  is  carried  downward  along  the  posterior  border  of  the  trochanter 
for  a  distance  of  seven  inches.  From  the  lower  extremity  of  this  vertipal  cut 
a  crescentic  incision  is  carried  across  and  to  the  back  of  the  thigh,  the  two  in- 
cisions being  of  the  same  length  and  meeting  internally  at  a  lower  level  than 
that  at  which  they  were  started.  The  entire  incision  involves  only  the  skm  and 
superficial  fascia.  The  flap  which  encircles  the  limb  is  next  dissected  up  for 
a  distance  of  two  inches  in  the  same  manner  as  that  practised  in  an  ordinary 
circular  amputation.  After  the  thigh  has  again  been  flexed,  adducted,  and 
rotated  inward,  the  vertical  incision  is  deepened  down  to  the  bone,  and  the 
muscles  attached  to  the  great  trochanter  are  divided  close  to  it.  The  upper  por- 
tion of  the  shaft  of  the  femur,  in  the  depths  of  the  vertical  incision,  is  thorough- 
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ly  bared,  care  being  taken  to  avoid  injuring  either  the  femoral  or  the  profunda 
artery.  These  steps  involve  the  diidsion  of  the  insertions  of  the  gluteus  maximus, 
quadrat  us  femoris,  psoas,  iliacus,  pectmeus,  and  the  superior  fibres  of  the  adductor 
magnus  and  quadriceps  extensor  muscles.  The  limb  is  now  strongly  adducted 
and  the  capsule  is  transversely  di\'ided  at  the  upper  and  posterior  part.  The 
limb  is  next  slightly  flexed  while  the  anterior  part  of  the  capsule  is  incised,  and 
is  finally  rotated  outward  while  the  remaining  fibres  of  the  capsule  and  the 
round  ligament  are  divided  and  the  head  of  the  bone  disarticulated.  The  mus- 
cles upon  the  inner  aspect  of  the  thigh  are  then  cut  by  a  circular  sweep  of  the 
knife  at  the  level  of  the  base  of  the  reflected  flap  and  the  extremity  is  removed. 

The  femoral  and  profunda  vessels  are  secured  in  the  anterior  portion  of  the 
wound  close  to  the  cut  ends  of  the  rectus,  sartorius,  and  adductor  longus.  After 
the  large  vessels  have  been  ligated  the  internal  circumflex  is  picked  up  at  the 
inner  and  posterior  aspect  of  the  acetabulum.  The  descending  branch  of  the 
external  circumflex  is  situated  near  the  inner  margin  of  the  vastus  extemus. 
The  comes  ner\i  ischiadici,  as  well  as  many  other  branches  of  the  sciatic  and 
muscular  branches,  vdW  also  require  ligation. 

The  advantages  of  the  external  racquet  method  are  the  following:  The 
drainage  is  good,  the  wound  is  away  from  the  anus,  and  the  ischium  (the  main 
point  of  future  support)  is  well  covered:  shock  is  diminished  by  the  low  division 
of  the  soft  tissues,  and  but  little  injury  is  inflicted  upon  the  branches  of  the 
sciatic  and  gluteal  arteries;  the  main  artery  is  divided  in  the  latter  part  of  the 
operation;  the  vertical  incision  exposes  the  femur  through  the  least  vascular 
portion  of  the  thigh  and  is  so  situated  that  an  excision  may  be  performed  if 
a  careful  examination  shows  that  an  amputation  is  unnecessary. 

This  method  is  practically  identical  with  the  first  hip-joint  amputation 
planned  by  Ravaton  in  1743.  Kerr's  amputation  in  1778  was  also  a  similar 
procedure,  although  his  external  incision  was  in  the  shape  of  an  inverted  V. 
The  names  of  many  surgeons  have  been  associated  with  the  method,  and  the 
following  are  its  chief  exponents:  Lister,  Furneaux  Jordan,  and  Esmarch. 

Lister's  Amputation. — Tliis  procedure  is  founded  upon  the  principles  of  Fur- 
neaux Jordan's  o^jeration,  which  will  be  next  described.  Lister  made  the 
vertical  incision  eight  inches  long  and  divided  the  muscles  circularly  before 
clearing  the  femur,  the  disarticulation  being  left  until  the  termination  of  the 
operation. 

Furneaux  Jordan's  Amputation.  (Fig.  205.)— Next  to  Wyeth's  this  is  perhaps 
the  safest  and  simplest  of  all  methods  of  disarticulating  at  the  hip  joint,  and 
furthermore  it  requires  no  special  instruments  or  apparatus  for  its  performance. 
The  circulation  is  controlled  by  an  Esmarch 's  bandage.  The  thigh  is  ampu- 
tated near  its  middle  by  the  circular  method,  the  bone  being  left  unsawn  so  as  to 
offer  a  more  efficient  lever.  The  vessels  having  been  secured,  the  bandage  is 
next  removed,  and  a  vertical  incision  extending  up  to  a  point  midway  between 
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Fig.  205. — Furneaux 
Jordan's  Amputation  at 
the  Hip  Joint.  The  sha- 
ded part  represents  the 
area  traversed  bj'  the 
knife;  the  dotted  hnes 
the  incision.  (From 
Treves'  "Operative 
Surgery.") 


the  trochanter  and  the  crest  of  the  iUum  is  made  on  the  outer  non-vascular 
side  of  the  Hmb.  Disarticulation  is  now  effected  by  cutting  the  ligaments  and 
muscles  down  to  their  insertion.  Only  a  few  minor  arte- 
rial branches  are  cut  in  the  second  stage  of  the  operation. 
The  stump  is  to  be  closed  both  vertically  and  transversely. 
Drainage  should  be  employed.  Furneaux  Jordan's  method 
is  not  applicable  to  all  cases,  and  in  malignant  disease  it 
is  distinctly  inferior  to  Wyeth's  method. 

The  first  hip-joint  amputation  performed  in  America, 
and  the  first  successful  one  in  the  world,  was  carried  out 
practically  in  accordance  with  this  method;  Brashear,  of 
Bardstown,  Kentucky,  in  1806,  amputated  the  thigh  of  a 
colored  boy  in  the  lower  third,  and  then  followed  this  by 
enucleating  the  bone  through  a  long  external  incision. 

Some  of  the  best  and  more  modern  methods  have  re- 
tained all  of  the  essential  features  of  Jordan's  method,  and 
have  added  just  enough  to  warrant  the  use  of  a  different 
name. 

The  occasional  operator,  who  has  not  the  best  assist- 
ants and  who  is  not  provided  with  Wyeth's  pins,  should 
give  the  preference  to  the  Furneaux  Jordan  method.  The 
resulting  stump,  it  must  be  admitted,  is  less  shapely  than  that  obtained  by 
some  of  the  other  methods. 

Esmarch's  Amputation. — In  this  procedure  all  the  soft  parts  of  the  thigh 
are  severed  by  a  vigorous  circular  sweep  of  the  ^^ 
knife  five  inches  below  the  great  trochanter,  and 
the  bone  is  sawn  across  at  the  same  level.  The 
vertical  incision  is  now  made,  the  upper  ex- 
tremity of  the  femur  is  steadied  with  a  lion- 
jaw  forceps,  and  disarticulation  is  accomplished 
in  the  usual  manner. 

Disarticulation  through  ax  Anterior 
Racquet  Incision.  (Fig.  206.) — Although  not 
so  easy  of  execution  as  the  lateral  racquet 
method,  this  procedure  has  the  advantage  that 
no  tourniquet  or  haemostatic  appliance  is  re- 
quired, since  all  the  large  blood-vessels  are 
ligatod  before  division. 

The  incision  commences  at  the  centre  of 
Poupart's  ligament  and  follows  the  line  of  the 
vessels  for  a  distance  of  about  three  inches.     It  curves  inward,  crossing  the 
adductors  four  inches  below  the  genito-c rural  junction,  i)asses  over  the  back 


Fig.  206. — Disarticulation  at  the 
Hip  Joint  by  an  Anterior  Racquet 
Incision.  (From  Treves'  "Opera- 
tive Surgery.") 
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of  the  thigh,  somewhat  below  the  base  of  the  great  trochanter,  and  curves  ob- 
liquely across  the  front  of  the  thigh  to  join  the  vertical  incision  about  two  inches 
below  its  starting-point.  The  upper  part  of  the  incision  is  deepened  and  the 
common  femoral  artery  is  exposed  and  divided  between  two  ligatures.  The 
common  femoral  vein  is  similarly  ligated  at  the  same  level.  The  border 
of  the  entire  flap  is  now  liberated  and  allowed  to  retract,  although  it  is  not 
dissected  up.  The  sartorius,  the  rectus,  and  the  tensor  vaginae  femoris  are 
next  cut,  and  upon  their  retraction  the  exposed  external  circumflex  artery  is 
divided  between  tv\o  ligatures.  The  limb  is  now  rotated  inward  while  the  in- 
sertion of  the  gluteus  maximus  is  divided,  and  is  then  rotated  outward  while 
the  psoas  is  cut.  The  internal  circiunflex  vessels  are  next  exposed  and  seemed. 
The  muscles  upon  the  inner  aspect  of  the  thigh  are  then  cut  at  the  level  of  the 
retracted  skin.  With  the  thigh  adducted  and  rotated  inward,  the  muscles 
attached  to  the  great  trochanter  are  severed,  after  which  the  Umb  is  abducted 
and  rotated  outward  to  allow  of  transvei"se  division  of  the  capsule,  disarticu- 
lation of  the  head  of  the  bone,  and  division  of  the  round  ligament.  At  this  stage 
the  obturator  externus  tendon  is  dividei^l.  The  external  rotation  of  the  limb  is 
now  exaggerated,  the  head  of  the  femur  is  held  forward,  and  all  of  the  soft  parts 
on  the  back  of  the  thigh  are  divided  by  a  vigorous  sweep  of  the  knife  at  the  level 
of  the  retracted  skin. 

The  advantages  of  the  anterior  racquet  method  are:  No  form  of  elastic 
constriction  is  necessary;  the  main  blood-vessels  are  secured  early  in  the  oper- 
ation; the  hip  joint  is  well  exposed  and  disarticulation  is  easy;  and  the  ischium 
is  well  covered. 

The  objections  to  this  method  are  the  follovsing:  The  femur  is  exposed  by 
an  incision  that  traverses  a  vascular  area;  the  incision  is  not  well  adapted 
for  excising  the  hip  joint  should  the  amputation  be  abandonetl ;  and  the  drainage 
is  not  so  good  as  in  the  external  racquet  method. 

Disarticulation  by  Anteroposterior  Flaps,  Cut  by  Transfixion. — 
This  rapid  and  brilliant  method  is  now  obsolete  since  its  "raison  d'etre"  van- 
ished with  the  introduction  of  anaesthesia.  No  tourniquet  was  employed, 
the  anterior  flap  was  the  longer,  and  the  main  vessels  were  compressed  in  the 
flap  by  a  deft  assistant  before  they  were  divided.  The  method  is  open  to  all 
the  objections  attendant  upon  transfixion  in  general. 

Githrie's  AMPLTA'noN  BY  Antero-Posterior  Flaps,  Cut  from  Without 
Inward. — This  procedure  is  but  shghtly  inferior  to  either  of  the  racquet  methods. 
No  less  an  authority  than  Ashhurst  regarded  it  as  the  best  method  of  ampu- 
tating at  the  hip. 

The  surgeon  stands  at  the  right  side  of  the  limb  to  be  operated  upon.  Both 
flaps  should  be  about  five  inches  long,  and  it  is  advisable  to  cut  the  posterior 
one  first.  The  incision  commences  just  above  the  great  trochanter,  passes 
dovMiward  and  inward  in  a  curved  manner  across  the  back  of  the  thigh,  and 
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then  upward  and  inward,  to  terminate  just  below  the  tuber  ischii.  The  anterior 
flap  is  now  marked  out  in  a  similar  manner.  After  retraction  of  the  tegu- 
mentary  flaps  the  muscles  are  divided  obliquely  from  below  upward  in  the  line 
of  the  original  incision.  Upon  exposure  of  the  joint,  disarticulation  is  effected 
in  the  customary  manner.  The  superficial  and  deep  femoral  vessels  should  be 
secured  by  ligatures  before  they  are  divided. 

The  resulting  stump  is  serviceable  and  the  cicatrix  is  small  and  admirably 
placed. 

MORTALITY  STATISTICS. 

An  exhaustive  or  even  a  systematic  presentation  of  the  mortality  statistics 
of  amputation  is  not  contemplated  here.  We  give  some  of  the  more  import- 
ant data  that  have  been  secured  by  other  investigators  in  this  field. 

Statistical  Report  of  703  major  amputations  from  the  records  of  eight  hospitals 
of  New  York  City,  by  John  F,  Erdmann.  Annals  of  Surgery,  Vol.  XXII. ,  pp.  358- 
362,  July-Dec,  1895. 


Amputations. 

Deaths. 

Per  cent. 

Wrist 

7 
71 
6 
88 
24 
64 
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223 
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Forearm 

Elbow .  . 

Arm 

1.4 
0. 
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Shoulder 

Foot 
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25. 

7.8 
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Knee 

13. 

Thigh 

Hip 

21.5 

44.4 

Cases  in  Bellevue. 


Freshly 

Traumatic 

Cases. 

Average 
Age. 

Deaths. 

Average 
Age  at 
Death. 

Per  cent. 

1884-1889  

47 
20 

34 
35 

12 
4 

43 

58 

25.5 

1889-1894  

20. 

All  Single  Amputations  at  Bellevue. 

Cases. 

Deaths. 

Per  cent. 

1884-1889 

114 
61 

19 
9 

16 

1889-1894 

14 
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F.  Murphy's  Table;  Division  of  Siirger\',  Med.  School,  Harvard  Univ.,  Bull. 
III.,  September,  1904.  Record  of  500  cases  of  amputation,  Massachusetts  General 
Hospital. 

Lower  Extremities. 


1.  For  crush. — (Single.) 

Thigh 

Leg 

Foot  (partial) 

(Double.) 

Thigh 

Thigh  and  tibia 

Thigh  and  partial 

Tibia 

Tibia  and  partial 

2.  For  bad  stumps. 

Thigh ■ 

L^ 

Partial 

3.  For  sepsis. 

Thigh 

Leg 

4.  For  gangrene. 

Thigh 

Thigh  and  leg 

Leg 

Partial  (double) 

5.  For  new  growth. 

Double  thigh 

Thigh 

Leg 

6.  For  tuberculosis  and  osteomyelitis. 

Thigh 

Leg 

Partial 

Totals 


Total. 


500 


Died. 


66 

27 

172 

8 

32 

1 

1 

11 

2 

1 

19 

6 

5 

1 

11 

35 

1 

6 

•• 

11 

4 

4 

1 

31 

11 

1 

1 

23 

12 

1 

•• 

1 

1 

32 

5 

12 

2 

17 

1 

6 

. . 

1 

84 


According  to  von  Bergmann's  ''System  of  Surgery,"  Vol.  III.,  the  mortality  of 
amputations  at  the  hip  joint,  of  interscapulo-thoracic  amputations,  and  of  amputa- 
tions of  the  upper  arm,  is  as  follows: 

Hip  joint — preantiseptic  period — 70  per  cent.  Subsequently  it  has  been  placed 
at  29  percent  by  one  authority  (Coronal)  and  as  low  as  13  percent  by  another  (Riedel). 

Interscapulo-thoracic. — Up  to  1899,  for  tumors,  96  per  cent  immediate  re- 
coveries; mortality  4  per  cent  (Koenitzer). 

Upper  Arm. — Operative  mortality,  nil. 


W.  L.  Est€s,  Surgeon-in-Chief  of  St.  Luke's  Hospital,  South  Bethlehem,  Pa., 
gives  the  following  statistics  in  his  article  entitled:  "A  Further  Contribution  to 
the  Study  of  Modern  Amputation,"  American  Medicine,  Nov.  29th,  1902,  p.  859. 
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List  of  Amputations  for  tiie  last  eight  years;  single  major  amputations. 


Amputation  of  arm 

"  at  elbow  joint 

"  of   forearm 

"  "    foot,   Chopart's 

"      "       Hay's 

"  "  "       Mikulicz's  .... 

"  "       "       Syme's 

"  "  leg,     lower  third. .. . 

''  "       middle  third... 

"  "  "       vipper  third.  .  . 

"  "  thigh,    lower  third 

"  "  "        middle  third. 

"  "  "        upper  third. 

"  "    at   hip  joint 

"  "     "    knee  joint 

"  "  "   shoulder  joint... 

Totals 


1    ^. 

>>& 

^  .2 

<  .2 

*i    rt 

c    S 

M  1 

^    C 

"C  s 

^  a 

g      Oh 

C 

c  ^ 

13 

9 

17 

4 

3 

2 

5 

32 

14 

1 

36 

S 

1 

12 
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Remarks. 


One  done  for  disca.se 


One  for  disease. 


One  had  pyaemia 
when  admitted 
and  was  very  low. 
The  other  died  of 
acute  anjpmia. 


He  also  gives  tables  of  complicated,  double,  triple,  and  quadruple  operations. 
Complete  list  of  single  major  amputations  for  twenty  years. 


Amputation  of   arm 

"  "    elbow  joint. 


"    forearm 

"    foot,  Chopart's 

"      "      Hays' 

"      "     Mikulicz's 

"       "     Pirogoff's 

"      "     Syme's 

"   leg,  lower  third 

"  "     middle  third... 

"      "    upper  third 

"  thigh,    lower  third 

"  "      middle  third 

"  "      upper  third  . 

at  hip-joint 

"   knee  joint 

"   shoulder  joint 


Total  number. 
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Remarks. 
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Wyeth,  John  A.  Amputation  through  the  hip  joint,  with  a  synopsis  of  267 
cases  in  wliich  the  author's  method  was  employed.  Journ.  Am.  Med.  Assn.,  1901- 
jMay  18th,  p.  1361  et  seq. 

P.  1372:  "Of  the  267  cases  of  disarticulation  at  the  hip  joint  for  all  causes, 
[herewith  reported,  53.  or  19.8  per  cent,  died.  .  .  .  In  Ashhurst's -Internat.  Encyclo- 

ia  of  Surgerj'/  1881,  F.  C.  Shepperd  gives,  to  that  date,  a  total  of  663  cases  of 

[amputation  through  the  hip  for  all  causes,  A^-ith  a  mortality  ratio  of  64  per  cent.     In 

[Lancet,  March  5th,  1892,  F.  Page  gives  16  cases  in  which  the  amputation  was  done 

Iby  other  methods  in  Royal  Infirman,',  Newcastle-on-Tyne,  with  a  ratio  of  mortality 

3f  37.5,"  etc.,  etc. 

Coley,  \Vm.  B.:  Trans.  Southern  Surg,  and  Gynecol.  Assn.,  1903,  p.  77:  Seven 
[cases  of  amputation  at  hip  joint  for  sarcoma  without  mortality.     Wyetli's  method 
)f  wire  pins  was  used  in  all  but  one  case. 

"\y.  W.  Keen  and  J.  C.  DaCosta:  A  ca.se  of  interilio-abdominal  amputation  for 
ircoma  of  the  ilium,  and  a  synopsis  of  previously  recorded  cases.     International 
\Clinics,  Vol.  IV.,  13th  Series.  Phila.,  1904,  p.  127. 

Table  of  19  cases  i  f  operation  in  which  the  termination  is  known,  with  5  recoveries, 
the  first  being  in  1889  or  1891.     This  patient  died  33  hours  after  the  operation. 

In  an  article  by  K.  Cramer,  in  the  Archiv  j.  Orthojmedie,  1905,  iii.,  p.  101,  on  di- 
faphysis  stumps  of  the  thigh  and  leg,  the  following  data  are  given: 

Preantiseptic  Period. — Leg  amputations,  mortality  40  per  cent;  thigh  ampu- 
tations (Pitha-Billroth),  45  per  cent-50  per  cent;  Crimean  war,  91  })er  cent; 
American  war,  (34  per  cent. 

Antiseptic  Period. — Mortality  fell  to  16  per  cent,  according  to  Oberst;  while, 
according  to  Gordon-Kljadschko,  the  mortality  in  1,413  cases  (1890-1899)  was  only 
9.5  per  cent. 

Cramer  himself  operated  in  96  cases — 46  in  thigh  and  50  in  leg — without  mor- 
tality. 

Farrar  Cobb,  in  the  Annals  of  Surgeri/,  XLI.,  p.  267,  makes  the  statement  (in 
the  course  of  his  report  of  a  case  of  interscapulo-thoracic  amputation  for  sarcoma  of 
humerus)  that  "but  5  such  operations,  his  own  included,  have  been  recorded  at  the 
Massachusetts  General  Hospital  since  1870." 

In  a  report  liefore  the  Soc.  de  Chirurgie,  Paris,  1905,  XXXI..  Berger  reviews 
a  work  by  Jeanbrau  (Paris,  1887)  on  interscapulo-thoracic  amputation  of  the  arm 
for  tumors: 

Jeanbrau  and  Riche  collected  188  observations  from  60  surgeons.  The  mortality 
was  11.1  per  cent.  But,  while  the  operations  performed  before  1887,  or  when  the  tech- 
nique was  imperfectly  developed,  showed  a  mortality  29.16  per  cent,  those  performed 
after  1887  showed  one  of  only  7.84  per  cent.  If  cases  in  which  intervention  was  con- 
tra-indicated are  left  out,  the  figures  could  be  reduced  to  5.2  per  cent.  Of  125  cases 
in  which  the  nature  of  the  new  growth  had  been  determined  by  a  microscopic 
examination,  recover}'  followed  in  105.  Of  the  20  others,  10  died  from  operation, 
and  reports  about  another  10  could  not  be  obtained. 
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ARTIFICIAL    LIMBS. 

General   Considerations. 

It  has  already  been  stated  that  improvements  in  the  construction  of  arti- 
ficial limbs  has  materially  modified  several  methods  of  amputating,  so  that  what 
were  formerly  useful  amputations  are  now  better  replaced  by  others  which  may 
involve  a  greater  destruction  of  tissue.  On  the  other  hand,  these  same  improve- 
ments have  made  it  possible  to  conserve  tissues  in  some  cases.  Thus,  for  ex- 
ample, in  amputation  of  the  leg  the  junction  of  the  upper  and  middle  thirds 
is  no  longer  the  site  of  election,  but  the  junction  of  the  middle  and  lower  thirds 
has  become  the  chosen  point,  amputation  at  the  latter  level  permitting  the  ad- 
justment of  a  limb  which  is  not  only  more  comfortable,  but  also  better  suited  to 
support  the  weight  and  maintain  the  equilibrium  of  the  body.  As  regards  the 
partial  amputations  of  the  foot  it  may  be  stated  that,  with  few  exceptions,  it  is 
better  to  amputate  above  the  ankle,  through  the  junction  of  the  lower  with  the 
middle  third  of  the  leg,  for  the  reason  that  better  functional  results  can  be 
obtained. 

One  of  us  has  on  two  occasions  performed  Lisfranc's  operation  with  perfect 
satisfaction,  and  each  patient  was  subsequently  able  to  walk  and  dance  as  well 
as  before.  Both  w^ore  ordinary  shoes  with  the  anterior  portion  built  up. 
Neither  patient  Hmped  and  no  one  would  have  suspected  that  a  portion  of  the 
foot  had  been  sacrificed. 

Our  results  have  not  been  satisfactory  after  Chopart  's  amputation,  which 
removes  but  a  little  more  of  the  member  than  Lisfranc's,  and  we  no  longer 
practise  it. 

We  are  informed  by  those  who  make  and  adjust  prosthetic  appliances  that 
a  very  satisfactory  foot  can  be  adjusted  after  Syme's  amputation. 

The  old  amputations  of  Chopart  and  Liston  are  particularly  ill-suited  for 
the  procurement  of  good  functional  results,  inasmuch  as  the  action  of  the  exten- 
sor tendons  is  destroyed,  so  that  the  tendon  of  Achilles  is  likely  to  elevate  the 
heel.  These  considerations  seem  to  us  to  be  of  the  utmost  importance,  for  not 
only  do  we  hear  the  occasional  operator  still  discuss  the  relative  merits  of  the 
antiquated  partial  amputations  of  the  foot  and  speak  of  the  junction  of  the 
upper  with  the  middle  third  of  the  leg  as  the  point  of  election,  but  we  know  that 
the  same  errors  are  being  perpetuated  by  some  teachers  of  surgery.  Another 
matter  concerning  which  there  seems  to  be  much  doubt  is  the  time  at  which 
an  artificial  limb  should  be  applied;  and  the  question  is  also  asked,  How  should 
the  stump  be  prepared  for  its  reception?  As  a  rule,  it  may  be  stated  that  three 
months  will  suffice  to  put  the  stump  in  proper  condition  for  the  reception  of 
artificial  limb.     In  many  instances  the  limb  may  be  applied  earlier  than  this 
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after  amputation.  There  are  no  objections  to  this  course,  provided  the  con- 
dition of  the  stump  is  satisfactor5\  The  important  prerequisite  is  that  all  in- 
flammation shall  have  disappeared.  Formerly,  when  wooden  legs  were  in  vogue, 
a  much  longer  time  was  required  than  at  present.  As  soon  as  complete  healing 
of  the  stump  has  taken  place  a  firm  bandage  should  be  applied,  and  over  it  there 
may  advantageously  be  applied  a  "shrinker" — a  device  made  by  artificial-limb 
manufacturers  and  intended  to  reduce  the  stump.  The  shrinker  also  serves 
to  hold  the  bandage  in  place,  and,  morever,  it  affords  protection  in  case  the 
patient  falls  or  slips.  It  is  of  great  importance  that  the  stump  be  kept  scrupu- 
lously clean,  and  for  this  purpose  bathing  with  cool  water,  followed  by  a  brisk 
rubbing  with  a  suitable  fluid,  should  be  resorted  to  at  least  once  a  day.  AMiile 
it  is  desirable  that  as  much  pressure  as  possible  be  exerted  upon  the  stump, 
so  that  its  size  may  be  reduced  without  undue  delay,  care  should  be  taken  not  to 
apply  the  bandage  or  shrinker  tightly  enough  to  interfere  with  the  circulation 
or  produce  pain.  The  object  is  to  hasten  atrophy  of  the  soft  parts — a  change 
which  is  certain  to  take  place  in  course  of  time, — but  not  to  impair  the  nutrition 
of  the  part. 

In  regard  to  artificial  limbs  themselves  it  may  be  of  interest  to  trace  their 
evolution  through  various  ages  and  to  mention  some  of  the  more  important 
modifications  which  have  been  made  in  their  construction.  Artificial  legs  were 
made  at  a  ver}'  early  period,  as  shown  by  the  fact  that  one  was  exhumed  at 
Capua  along  with  a  skeleton  and  some  vases — the  latter  supposed  to  be  of  the 
year  300  B.C.  Herodotus  mentions  a  soldier  who  wore  a  foot  of  wood.  Exactly 
what  the  mechanism  of  this  member  was  is  not  stated.  It  is  said  that  in  the 
early  part  of  the  sixteenth  century  a  Nuremberg  mechanic  made  an  artificial 
hand  for  a  German  knight.  Later  in  the  same  century  Ambroise  Pare  made 
use  of  the  peg  leg  and  also  employed  iron  hands.  In  1696  Verduin,  a  Dutch 
surgeon,  invented  an  artificial  leg  that  was  provided  with  an  artificial  foot  to 
which  were  fastened  two  strips  of  steel  ext^^nding  to  the  knee.  This  artificial 
lunb  also  had  a  copper  socket  in  which  the  stump  rested.  Connected  to  this 
socket  by  two  steel  side  joints  was  a  leather  strap  which  was  fastened  around 
the  thigh,  thus  taking  some  of  the  body  weight  off  the  stump. 

Patents  for  wooden  limbs  were  procured  in  1790  and  in  1810  by  Thomas 
Mann,  and  in  1800  by  James  Potts,  both  of  England.  The  Potts  leg  was  worn 
by  the  Marquis  of  Anglesea,  who  lost  his  leg  at  Waterloo,  and  consequently 
it  came  to  be  known  as  the  Anglesea  leg.  It  consisted  of  a  wooden  socket  for 
the  stump,  a  steel  joint  for  the  knee,  and  a  wooden  one  for  the  ankle. 

In  1839  William  Selpho,  who  had  worked  with  Potts,  introduced  the  An- 
glesea leg  into  America,  manufacturing  it  in  New  York.  He  made  the  knee 
joint  of  two  steel  plates — the  upper  one  being  convex,  the  lower  one  concave — 
and  covered  it  with  leather.  At  the  ankle  he  placed  India-rubber  buffers  to 
prevent  concussion. 
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In  1846j  1849,  and  1852  patents  were  secured  by  B.  F.  Palmer  for  improve- 
ments which  had  for  their  object  the  reduction  of  the  weight  of  the  artificial 
limb  and  the  simplification  of  the  mechanism  of  the  ankle  joint. 

To  avoid  chafing  the  stump,  it  is  necessary  that  there  be  no  free  lateral 
movement,  and,  as  it  is  nearly  impossible  to  fit  a  stump  in  this  way,  the  wearer 
may  be  subjected  to  discomfort,  if  not  actual  suffering,  as  the  changes  in  the 
stump  due  to  shrinkage  take  place. 

A  few  makers  have  tried,  and  with  some  degree  of  success,  to  obviate  this 
trouble.  As  the  result,  we  have  the  slip-socket  legs,  the  object  of  which  is  to 
lessen  chafing  and  to  break  the  jar  in  stepping.  The  slip  (or  ui)per  section) 
is  held  at  the  point  of  desired  elevation  by  springs  applied  in  different  ways,  so 
that,  when  the  wearer  places  his  weight  upon  the  leg,  the  springs  will  allow 
him  to  settle  to  the  point  of  check  fa  distance  of  from  half  an  inch  to  one  inch 
below)  with  but  little  jar  to  the  stump.  • 

While  these  have  their  meritorious  features,  they  also  have  objectionable 
points  that  are  common  to  all  limbs  with  added  mechanism.  Frequent  repairs 
are  necessary.  Moreover,  natural  walking  is  not  secured.  If  the  artificial  limb 
corresponds  in  length  with  the  natural  leg,  the  foot  will  scrape  the  ground 
whenever  it  is  swung  naturally  under  the  body. 

A  wooden  leg,  with  its  upper  part  of  soft  leather,  laced  in  the  back  for  ad- 
justment, is  also  used.  The  fault  of  this  socket  lies  in  the  fact  that,  when 
pressure  is  brought  to  bear,  the  leather  will  not  permanently  retain  the  cavities 
placed  therein  to  accommodate  the  irregular  bone  structure,  and  will,  there- 
fore, cause  chafing  at  the  prominent  points.  Artificial  limbs  made  of  specially 
prepared  sole  leather  compressed  and  hardened  upon  a  model  of  the  stump,  rein- 
forced with  hard  rawhide,  and  sui)plied  with  a  vent  inserted  to  allow  ventilation, 
are  said  to  be  satisfactory,  especially  when  the  other  mechanism  is  properly 
adjusted. 

In  regard  to  artificial  arms  and  hands  it  must  be  admitted  that  their  great- 
est value  is  ornamental.  The  natural  mechanism  of  the  hand  is  too  com- 
plex to  admit  of  its  substitution  by  any  artificial  device.  However,  the  hands 
with  ductile  fingers  and  palm  lock  make  it  possible  for  a  knife  or  fork  to  be  held 
or  a  package  carried. 

The  more  or  less  continuous  improvement  in  the  material  and  mechanism  of 
all  prosthetic  appliances  is  best  utilized,  by  those  who  are  in  need  of  their  bene- 
fits through  consultation  with  their  respective  surgeons  and  by  conferring  with 
the  wearers  and  studying  the  various  reports  and  the  catalogues  of  makers  of 
these  appliances. 


EXCISIONS  OF  BONES  AND  JOINTS. 

By  HORACE  J.  WHIT  ACRE,  B.S.,  M.D.,  Cincinnati,  Ohio. 


GENERAL  CONSIDERATIONS. 

The  terms  "  excision"  and  "resection"  arc  prop)erly  applied  to  specific  surgi- 
cal procedures,  yet  modern  wiiters  have  used  them  largely  as  s}Tion}Tns.  The 
term  ''excision"  Is  rightly  appUed  to  any  operation  that  is  undertaken  for  the 
removal,  in  continuity,  of  a  segment  of  tissue,  without  the  total  ablation  of 
this  portion  of  the  body,  a  procedure  for  which  the  tenn  ''amputation"  would 
be  appropriate;  but  when  the  word  is  used  bj-  itself,  in  its  more  restricted 
surgical  sense,  it  is  intended  to  signify  an  "operation  for  the  removal,  partial 
or  complete,  of  an  injured  or  diseased  articulation,  or  of  a  bone,  and  generally 
one  of  the  flat  or  short  bones,  which  can  be  removed  entire  without  jeopardiz- 
ing the  usefulness  of  the  affected  part."     (Ashhurst.) 

The  term  ''resection"  is  properly  apphed  to  an  operation  which  removes 
a  segment  of  the  shaft  of  a  long  bone  and  perhaps  brings  the  two  ends  together. 

History  of  Excisions  and  Resections. — Excisions  and  resections  were 
certainly  understood  theoretically  and  perhaps  practised  to  a  limited  degree 
by  the  ancients,  as  would  be  indicated  by  the  fact  that  Hippocrates,  Galen, 
and  Celsus  have  all  spoken  of  removing  the  protruding  bone  when  reduction 
could  not  be  accomplished  in  a  compound  dislocation,  and  have  also  referred 
to  the  removal  of  protruding  bone  ends  in  compound  fractures.  Brief  refer- 
ences are  made  to  this  procedure  in  the  works  of  many  subsequent  wTitcrs  of 
.  ancient  times,  but  such  operations  did  not  become  matters  of  definite  record 
until  about  the  middle  of  the  eighteenth  century. 

Mr.  Filkin,  in  1762,  perfonned  the  first  recorded  excision  for  cUsease,  and 
Mr.  Winman,  of  Shipton,  excised  the  lower  end  of  the  humerus  for  compound 
dislocation  a  few  years  earher.  ^lany  successful  indi^^dual  cases  were  reported 
after  this,  but  the  credit  of  definitely  presenting  the  advantages  of  excision, 
as  a  substitute  for  amputation  in  tuberculous  arthritis,  is  due  Mr.  H.  Park, 
of  Glasgow,  who  performed  liis  first  operation  in  1781.  Moreau,  in  France, 
had  worked  independently  along  the  same  fines,  but  his  recommendations  cfid 
not  meet  with  acceptance.  The  operation  nowhere  gained  particular  favor 
for  many  years.  The  real  acceptance  of  the  method  in  Great  Britain  is  at- 
tributed to  Mr.  Sjine,  of  Edinburgh,  who  wrote  in  1826,  and  Sir  WiUiam  Fer- 
gusson,  who  wTote  from  1845  to  1851.  John  C.  Bigelow.  Gurdon  Buck,  Sayre, 
Harris,  Pancoast,  Kinloch,  and  Andrews  in  America  were  early  advocates  of 
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excision.  The  later  developments  of  the  procedure  are  to  be  attributed  to 
those  men  whose  names  appear  so  frequently  as  originators  of  the  methods 
which  are  discussed  in  the  following  pages. 

Nature  and  Purposes  of  Excisions.— As  has  already  been  stated,  the 
terms  "excision"  and  ''resection"  are  often  used  interchangeably  and  are  ap- 
plied to  the  operation  of  removing  a  part  or  the  whole  of  a  bone  or  joint  for 
injury  or  for  disease.  The  operation  of  excision  is  a  conservative  measure 
which  is  to  be  undertaken  in  those  cases  where  a  bone  or  joint  has  suffered 
injury  or  disease  of  a  nature  which  will  in  itself  cause  permanent  loss  of  the 
structure,  and  thus  lead  to  continued  illness  or  impairment  of  function,  or  to 
deformity;  where  a  local  extension  or  a  general  dissemination  of  a  local 
process  is  to  be  feared;  where  deformity  already  exists;  where  joint  function 
may  be  restored;  and,  lastly,  in  all  cases  where  amputation  of  the  extremity 
is  the  alternative.  It  may  be  performed  in  the  shaft  of  the  bone  or  at  either 
end  of  one  or  more  bones.  The  excision,  if  of  a  joint,  is  said  to  be  complete, 
when  the  heads  of  all  bones  entering  into  the  articulation  are  removed;  or  it 
is  spoken  of  as  partial,  when  the  articular  end  of  but  one  bone,  or  a  portion  of 
one  bone,  is  removed,  the  ends  of  the  bones  being  sawed  off  at  varying  dis- 
tances from  the  end.  The  term  erasion  or  arthredomy  is  applied  to  the  re- 
moval, by  dissection,  scraping,  or  gouging,  of  diseased  structures  composing  a 
joint.  In  this  operation  the  bone  ends  are  not  sawed  off  and  the  general  con- 
tour of  the  head  of  the  bone  remains  the  same. 

The  question  whether  it  is  best  to  follow,  a  non-operative  course  of  treat- 
ment, our  chief  dependence  being  placed  upon  such  measures  as  immobiUza- 
tion  and  improved  surroundings,  or  to  excise,  or,  finally,  to  amputate,  is  often 
a  very  difficult  one  to  decide.  It  should  always  be  remembered,  in  favor  of 
the  first  of  these  plans,  that  complete  rest  (immobiUzation)  in  any  disease  of 
bone  or  joint  is  a  therapeutic  agent  of  very  great  value.  Under  the  beneficial 
influence  of  rest,  fresh  air,  and  good  food,  the  vital  regenerative  powers  of  the 
body  will  sometimes  accomplish  the  most  conservative  results  that  can  be 
obtained — results  which  are  better  than  those  obtainable  by  operation.  The 
patient  should  therefore  always  be  given  the  benefit  of  these  well-established 
facts,  provided  the  case  be  one  in  which  the  existing  conditions  justify  such 
a  hopeful  outlook.  Among  the  facts  which  favor  excision,  the  following  may 
be  mentioned:  (1)  First,  the  determination  to  excise  will  be  made  in  many  cases 
after  well-directed  efforts  along  conservative  lines  have  failed  to  arrest  the  disease, 
or  when  such  treatment  has  left  a  functionless  or  a  badly  deformed  articulation. 
(2)  The  social  status  of  the  individual  or  his  surroundings  may  be  such  that 
a  conclusion  in  favor  of  excision  is  easily  reached  at  the  onset  of  the  disease. 
This  is  possibly  true,  for  example,  in  the  case  of  a  patient  with  a  tuberculous 
joint  whose  family  is  dependent  solely  upon  his  daily  wages  for  their  support. 
It  is  manifestly  impossible  for  this  patient  to  carry  out  efficient  immobilization 
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for  a  period  of  two  or  more  years,  nor  can  he  command  the  dietetic  or  hygienic 
elements  essential  to  a  cm^e.  He  must  retmii  to  work  at  the  earliest  possible 
moment  and  may  therefore  choose  excision.  (3)  The  nature  oi  the  local  dis- 
ease may  be  such  as  to  demand  excision  at  the  onset,  there  being  no  groimds 
for  the  belief  that  a  non-operative  course  of  treatment  would  accomplish  good. 
This  is  often  true,  for  example,  in  cases  of  bad  defonnity,  of  ankylosis,  and 
of  injury  to  a  joint.  (4)  The  decision  to  operate  wiU  often  depend  upon  the 
occupation  of  the  individual  or  possibly  upon  his  oversensitiveness  to  deformity. 

The  operation  of  excision  may  be  classed  as  one  that  is  comparatively  safe; 
and  by  means  of  it  one  may  expect  to  obtain  a  useful,  or  stable  extremity, 
with  or  without  the  use  of  supplementary  apparatus. 

"VNlien  the  question  is  whether  to  excise  or  to.  amputate,  excision  assumes 
the  character  of  a  conservative  measure,  and  the  advantages  of  sa%'ing  an  ex- 
tremity are  so  plainly  apparent  that  the  decision  is  generally  in  favor  of  this 
operation.  Furthermore,  the  sa\'ing  of  the  limb  is  an  argument  which  appeals 
strongly  to  the  patient.  There  is  another  factor,  however,  which  has  to  be 
very  carefully  considered  before  a  final  decision  is  reached;  I  refer  to  the  pro- 
spective usefulness  of  a  limb  thus  saved. 

The  Process  of  Repair  after  Excision. — The  nature  of  the  process  of  re- 
pair will  depend  naturally  upon  the  type  of  excision  performed.  When  a  sub- 
periosteal excision  has  been  performed  there  will  be  a  prompt  proliferation  of 
the  inner  layers  of  the  periosteum  and  a  more  or  less  complete  restoration  of 
the  removed  bone.  This  process  will  be  associated  with  a  normal  connective- 
tissue  repair  in  the  wound,  and  in  the  end  there  will  be,  in  the  case  of  ex- 
cision of  a  joint,  a  definite  regeneration  of  the  ends  of  the  bone,  which  will 
be  bound  together  by  a  strong  but  flexible  fibrous  band.  This  band  of  fibrous 
tissue  fills  in  the  gap  between  the  bones  and  holds  them  firmly  together.  Its 
flexibihty  makes  possible  the  movements  that  are  expected  after  a  typical 
excision. 

AMien  a  segment  of  a  long  bone  is  removed  subperiosteally,  it  is  expected 
that  ultimately  complete  regeneration  of  the  bone  will  take  place. 

WTien  a  small  bone,  such  as  one  of  the  carpal  or  tarsal  bones,  is  removed, 
the  space  left  is  usually  so  entirely  filled  in  by  scar  tissue  that  neither  deformity 
nor  interference  with  function  results. 

When  a  non-subperiosteal  excision  is  done,  the  repair  is  almost  purely  one 
by  granulation  or  scar  tissue. 

Instruments  Required. — The  instruments  for  excision  are  illustrated  in 
Fig.  207.  The  knives,  scissors,  thumb-forceps,  and  artery  clamp  used  should 
be  of  heavy  construction.  There  should  be  at  least  two  knives,  since  it  is 
necessary  to  have  a  very  sharp  knife  at  certain  stages  of  the  operation,  par- 
ticularly when  operating  for  disease.  Tuberculous  tissue  should  be  removed 
by  sharp  dissection,  and  it  is  necessary  to  lay  aside  the  knife  w'hich  has  been 
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Fig.  207. — Instruments  Used  in  Excisions  and  Resections.  A,  Scalpels;  B,  scissors;  C,  thumb 
forceps;  D,  Kelly  hirmostatic  forceps;  E,  sharp  hook  retractors;  F,  McBurney's  needle-holder; 
G,  saw;  H,  rongeur  bone-forceps;  /,  Liston's  bone-cutting  forceps;  J,  sequestrum  forceps;  K,  Fer- 
guson's lion-jaw  forceps;  L,  bone  drill;  il/,  metacarpal  saw;  A'',  Gigli  wire  saw;  O,  wooden  mallet; 
P,  chisels;   Q,  gouges;  R,  Volkmann's  bone-curette;  .S',  Esmarch's  tournifjuet;   T,  periosteal  elevators. 
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dulled  by  contact  with  the  bone  when  this  sharp  dissection  begins.  A  sti'ong 
"knife  should  alwaj's  be  at  hand  for  cutting  away  bone  foci.  Both  sharp  and 
blunt  retractors  should  be  at  hand,  the  latter  being  quite  necessary'  when 
tendons  and  nerves  are  to  be  pulled  aside.  Any  one  of  the  great  variety  of 
saws  may  be  used.  The  author  has  found  the  Gigli  saw  rather  unsatisfactory 
because  of  its  tendency  to  break,  yet  there  are  times  when  it  is  quite  indis- 
pensable, since  it  is  possible  by  its  use  to  saw  off  a  bone  without  serious  dis- 
placement of  important  soft  tissues.  Chisels  and  gouges  of  all  sizes  are  im- 
portant elements  in  the  collection  and  should  be  at  hand  whenever  a  joint  is 
attacked.  Particular  care  should  be  given  to  the  choice  of  a  tourniquet. 
Broad  rubber  bands,  that  give  uniform  pressure  over  a  considerable  area,  are 
much  to  be  preferred  to  a  cord.  The  tourniquet  must  often  remain  in  place 
for  a  considerable  period  of  time;  and  paralysis  is  apt  to  follow  when  a  suflB- 
cient  pressure  is  used  with  a  narrow  band.  Special  instrimients  are  re- 
quired for  operations  such  as  tcmix»ran,'  osteoplastic  resection  of  the  skull. 

The  Operation. — The  incision  made  for  the  exposm^e  of  the  parts  in  any 
operation  for  excision  must  be  planned  to  give  maximum  working  space,  to 
inflict  a  minimum  injury  upon  important  anatomical  structures,  and  to  pro- 
vide good  drainage.  The  direction  of  the  incision  will  be  longitudinal,  as  a 
rule,  yet  may  be  variously  modified ;  H-,  \-,  or  bayonet-shaped  incisions  being 
employed  to  meet  special  requirements.  The  incisions  are  invariably  placed 
at  a  point  where  important  tendons,  nerves,  or  arteries  will  not  be  di^^ded, 
and  they  should  be  of  Uberal  length.  If  tendons  must  be  divided,  they  should 
be  cut  obliquely  and  carefully  reunited.  The  treatment  of  the  bone  presents 
problems  of  the  greatest  weight.  WTienever  it  is  possible,  the  bone  ends  should 
be  exposed  by  a  straight  incision  through  the  periosteum  and  removed  sub- 
periosteally.  It  is  a  matter  of  accepted  importance  that  the  bony  prominences 
giving  attachments  to  muscle  tendons  usually  should  not  be  chipped  off  during 
the  dissection,  even  though  they  are  a  part  of  the  bone  which  is  diseased. 
The  reason  for  allowing  them  to  remain  is  that  they  give  greatly  increased 
stability  after  healing  has  taken  place.  These  bony  prominences  are  usually 
not  diseased,  even  in  tuberculosis.  The  subperiosteal  method  of  excision 
gives  results  that  are  so  distinctly  superior  to  the  non-subperiosteal  method 
that  this  point  cannot  be  disregarded  in  the  cases  in  which  this  method  is 
practicable.  Unfortunately,  in  the  majority  of  cases  the  application  of  the 
method  is  not  practicable.  For  example,  in  cases  of  tuberculous  or  mahgnant 
disease  and  in  severe  injury  it  will  usually  be  impossible  to  adopt  the  plan. 

The  extent  to  which  the  bone  should  be  excised  will  depend  entirely  upon 
the  particular  joint  involved,  the  nature  of  the  disease,  and  the  result  desired. 
\Mien  an  entire  articulation  is  removed  we  speak  of  it  as  a  complete  excision; 
and  if  this  is  done  after  some  well-established  method,  we  term  it  a  fonnal  or 
typical  excision.    \Mien  the  end  of  but  one  bone  or  a  portion  thereof  is  removed, 
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we  speak  of  it  as  a  partial  excision;  and,  since  the  operation  is  adapted  to  the 
pecuhar  conditions  of  the  case,  it  may  also  be  called  an  informal  or  atypical 
excision. 

One  of  two  results  is  desired  in  either  a  complete  or  a  partial  joint  excision. 
The  operation  is  undertaken  either  for  the  purpose  of  obtaining  a  firm  bony 
union  which  will  convert  the  bones  forming  the  articulation  into  a  single  weight- 
bearing  shaft  (as  in  resection  of  the  knee),  or  for  that  of  preserving  slight  or 
extensive  motion  in  the  affected  joint  (as  in  excision  of  the  inferior  maxilla, 
the  shoulder,  the  elbow,  or  the  wrist).  The  questions  of  the  amount  of  bone 
to  be  removed  and  of  the  performance  of  a  partial  or  a  complete  excision  will, 
in  most  cases,  have  to  be  decided,  in  large  measure,  in  accordance  with  the 
nature  of  the  morbid  condition  and  the  result  which  it  is  desired  to  obtain. 
Motion  will  be  more  certain  and  shortening  will  evidently  be  less  marked  after 
partial  than  after  total  resection,  and  these  facts  have  led  to  an  increasing 
tendency  to  do  the  partial  operation  whenever  the  conditions  will  permit. 
A  perfected  aseptic  technique  and  improved  methods  of  management  after 
operation  have  made  the  partial  excision  possible,  and  results  can  now  be 
obtained  that  were  not  formerly  feasible.  The  development  of  the  operation 
of  arthroplasty  for  the  treatment  of  ankylosis  has  still  further  increased  the 
field  of  application  of  atypical  excision  of  the  joints. 

When  a  bone  is  resected  for  the  purpose  of  exposing  deeper  structures,  as 
in  operations  upon  the  brain,  the  operation  is  spoken  of  as  a  temporary  resec- 
tion. For  this  purpose  a  horseshoe-  or  inverted-U-shaped  bone  flap,  together 
wdth  all  attached  soft  parts,  is  turned  down  in  order  to  expose  the  under- 
lying structures,  after  which  the  parts  are  returned  to  the  former  position, 
where  they  usually  reunite  with  the  adjacent  portions. 

When  a  long  bone  is  excised  in  part  or  in  its  entirety,  the  incision  is 
made  in  the  long  axis  of  the  bone  and  usually  in  a  line  where  the  bone  is  sub- 
cutaneous or  quite  near  the  surface.  If  the  bone  does  not  lie  near  the  sur- 
face— as,  for  instance,  on  the  outer  side  of  the  thigh  for  excision  of  the  femur, 
— then  the  incision  should  be  at  a  point  where  important  structures  will  not  be 
divided.  A  great  length  of  a  functionally  important  bone  should  not  be  ex- 
cised, unless  it  can  be  done  subperiosteally,  or  unless  it  can  be  supplemented 
by  the  grafting  of  either  a  parallel  bone  or  bone  from  an  outside  source. 
In  young  patients,  and  to  a  surprising  degree  in  older  patients,  there  will  be 
a  sufficient  regeneration  of  bone  from  the  periosteum  to  furnish  an  adequate 
bony  structure.  A  full  appreciation  of  these  facts  of  regeneration  and  bone- 
grafting  will  save  many  limbs  from  amputation.  It  is  important  to  know  that 
one  may  thus  excise  an  entire  long  bone,  leaving  behind  the  epiphyseal  lines, 
and  eventually  secure  a  satisfactory  restoration  through  periosteal  repair. 

Arthroplasty. — A  discussion  of  excisions  and  resections  will  deal  chiefly, 
as  has  already  been  stated,  with  the  joints.    The  operation  is  done  for  the 
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cure  of  disease,  for  the  correction  of  deformity,  or  for  the  relief  of  ankylosis. 
AMien  the  operation  is  done  for  disease,  the  surgeon  is  confronted  by  two  prop- 
ositions: First,  the  disease  must  be  cured:  and,  second,  a  movable,  ser\4ceable 
joint  should  be  left  at  the  site  of  the  original  articulation.  The  second  proposi- 
tion, which  is  presented  Ukewise  in  the  operation  for  ankylosis,  has  heretofore 
been  verj-  difficult  to  meet  successfully,  since  it  means  the  restoration  of  mo- 
tion, after  most  of  the  normal  articular  elements  have  been  destroyed  or  re- 
moved. A  flexible  fibrous  union  between  the  ends  of  the  di\'ided  bones  has 
been,  until  recently,  the  best  result  that  has  been  possible.  This  result  is  more 
certainly  obtained  when  a  subperiosteal  resection  is  made,  yet  this  unfortu- 
nately cannot  usually  be  done,  and  it  is  not  always  possible  to  control  either 
the  firmness  or  the  flexibiUty  of  such  a  union  even  when  subperiosteal  resection 
has  been  accomplished. 

Murphy  (Journal  of  American  Medical  Association,  May  20th,  1905)  has 
studied  this  subject  with  the  object  of  determining  the  practicabihty  of  restor- 
ing to  the  patient  a  movable  functionating  joint  pro\'ided  with  a  s^noAial  mem- 
brane. A  close  analogy  has  been  demonstrated  between  the  evolution  of  hy- 
gromata  (acquired  sacs  lined  with  endotheUum)  and  the  normal  embryological 
development  of  joints.  Joints  are  primarily  formed  without  a  ca^•ity,  this  feat- 
ure being  developed  as  a  result  of  a  splitting  or  hquefaction  of  cartilaginous  or 
connective-tissue  elements  between  the  cartilages.  Bm-sae  are  formed  by  the 
same  sphtting  between  fat-capsules  on  aponeurotic  mesoblastic  tissue.  The 
fat-capsules  coalesce,  the  fat  is  absorbed,  an  increase  or  hyperplasia  takes 
place  in  the  connective-tissue  elements,  and  a  degeneration-hquefaction  results 
in  the  development  of  collagen,  which  subsequently  forms  the  fluid  in  the  ca\'ity 
of  the  bursa.  The  newly  developed  cavity  is  lined  by  ceUs  which  appear  as 
flattened  endotheUal  cells  and  are  in  fact  transformed  connective-tissue  cells. 

These  facts  have  been  used  for  the  artificial  production  of  hygroma  sacs 
between  bone  ends,  and  it  has  been  shown  that  such  a  ca^-ity  lined  with  epithe- 
lium can  be  developed  by  transplanting  between  the  bones  a  flap  of  fat-bearing 
connective  tissue.  This  method  is  applicable  to  the  mancUbular,  hip,  shoulder, 
elbow,  knee,  and  other  joints. 

The  use  of  the  method  will  necessarily  involve  a  careful  stud}'  of  all  patho- 
logical conditions  presented  by  the  indhidual  case.  Ankj^losis,  for  example, 
may  be  the  result  of  extracapsular,  capsular,  or  osseous  disease:  or  the  joint 
limitation  may  be  due  to  the  effects  of  a  combination  of  these  lesions.  It  may 
therefore  be  necessarj-  to  elongate  tendons,  resect  tendon  sheaths,  excise  scars, 
or  resect  the  capsule,  before  undertaking  that  portion  of  the  operation  which 
concerns  the  development  of  the  joint. 

The  principles  involved  in  the  operation  for  ankylosis  from  adhesive  syno- 
%'itLs  are  given  in  the  follo^^•ing  quotation  from  Dr.  Murphy's  original  article: 

''Ankylosis  from  adhesive  sjnoA-itis,  vsith  fixation  of  the  capsule  to  the  head 
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and  neck  of  the  bone,  and  with  the  subsequent  contraction  and  cicatrization 
of  the  capsule,  promises  excellent  results,  if  the  capsule  be  completely  excised 
and  with  it  the  closely  attached  ligaments.  The  head  and  the  neck  of  the 
bone  should  then  be  surrounded  by  an  aponeurosis  or  muscle,  to  prevent  the 
reforming  of  adhesions.  The  mere  division  of  the  capsule,  without  its  exsec- 
tion,  does  not  tend  to  produce  a  favorable  result,  as  it  reunites  and  so  fixes 
the  joint.  It  must  be  borne  in  mind,  as  a  principle  in  all  of  these  operations, 
that  the  joint  should  permit  of  free  motion  and  should  be  independent  of  severe 
tension  of  tendons,  capsule,  or  ligaments.  If  there  be  great  tension  under 
anaesthesia,  there  will  be  tension  and  pain  beyond  the  ability  of  the  patient 
to  tolerate  when  the  effect  of  the  anaesthesia  has  subsided.  In  all  of  these 
operations,  liberation  of  the  articulation  should  be  to  the  degree  of  easy,  fiail 
motion,  rather  than  to  restricted  and  limited  mobility.  In  the  knee,  when 
the  capsule  and  periarticular  tissues  are  involved  in  pathological  processes,  the 
posterior  hamstring  tendons  and  quadriceps  and  patellar  tendons  with  the 
crucial  ligaments  are  the  only  attachments  that  should  be  allowed  to  remain 
at  the  time  of  the  operation.  All  the  other  ligaments  and  the  capsule  should 
be  carefully  dissected  and  removed,  and  the  flaps  so  arranged  that  these  liga- 
ments will  not  be  reproduced.  If  the  capsular  ligaments  of  the  joint  alone  be 
divided  and  a  muscle  or  aponeurosis  interposed,  the  union  through  this  mus- 
cular aponeurosis  will  become  so  strong  and  firm  before  the  joint  admits  of 
painless  passive  motion  that  passive  or  active  motion  will  be  impossible.  A 
point  to  be  remembered  in  arthroplasty  is  that  the  flaps  receive  nutrition  rapidly 
from  the  rich  vascular  supply  to  the  ends  of  the  bone,  and  that,  as  flaps  are 
made  up  principally  of  fatty  and  elastic  fibrous-tissue  elements  which  have 
but  a  slight  vascularity,  they  receive  nutriment  by  osmosis,  while  a  circulation 
is  developing. 

"  After  such  an  operation  the  limb  should  be  put  up  in  a  position  of  abduc- 
tion and  hyperextension,  as  the  adductor  and  flexor  muscles  are  the  stronger 
and  are  usually  the  ones  that  are  contracted. 

"Failure  has  resulted  from:  (1)  The  insufficient  or  defective  exsection  of 
the  synovial  membrane,  capsule,  and  figaments;  (2)  insufficient  interposition 
of  fat  and  aponeurosis,  or  of  fat  and  muscle,  between  the  separated  bony  sur- 
faces; (3)  infection;  (4)  sensitiveness  to  pain  on  motion  after  operation. 

"When  a  bony  ankylosis  exists,  the  bones  should  be  separated  along  the 
line  of  union  and  the  bone  ends  trimmed  off  sufficiently  to  give  perfectly  free 
flail  movement  before  interposing  the  flap.  Any  bony  prominences,  which 
might  act  as  a  bony  stop  in  the  new  bony  relationship,  should  be  removed." 

The  following  case  report  by  Dr.  Murphy  will  serve  best  as  a  description  of 
the  operation  recommended  for  the  knee  joint.  This  patient  had  suffered  from 
an  ankylosis  of  both  knees  following  generalized  articular  trouble,  which  had 
kept  him  in  bed  for  six  months. 
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Case  Report;  Operation'  (October  5th,  1901). — The  usual  preparations  were 
made.  Esmarch's  constrictor  was  placed  around  the  thigh  and  a  vertical  incision 
was  made  over  the  outer  side  of  the  right  knee  from  six  inches  above  to  three  inches 
below  the  joint.     The  incision  was  deepened  and  the  capsule  of  the  joint  was  opened. 

The  patella  was  freed,  on  the  outer  side,  from  fibrous  adhesions  to  the  femur 
with  scalpel  and  chisel,  and  a  second  vertical  incision  four  inches  long  was  made 
over  the  inner  side  of  the  joint,  which  was  opened.  The  patella  was  then  freed 
on  its  inner  side  from  the  articular  surface  of  the  femur.  The  ligamentum  patellae 
was  not  di\'ided.  The  patella  was  elevated,  the  knee  flexed,  and  the  adhesions 
between  the  tibia  and  femur  were  di\-ided  to  give  free  motion  in  the  joint.  A  large 
flap  of  fascia  lata,  with  a  thin  layer  of  muscle  attached,  was  dissected  from  the 
outer  surface  of  the  vastus  extemus,  its  base  being  below  and  anterior.  Fig.  208 
shows  flap  dissected  down,  but  attached  posteriorly.     The  flap  was  then  turned 


Fig.  208. — Arthroplastic  Operation  for  Ankylosis  of  Knee.  Showing  flap  carried  across  knee  joint 
and  covering  the  lower  end  of  the  femur,  a,  Flap  covering  end  of  the  femur;  h,  base  of  flap;  c,  fat; 
/,  retracted  fascia. 


over  the  outer  condyle  of  the  femur  and  drawn  through  the  joint  between  the  two 
bones  by  means  of  hea^'^''  catgut  sutures,  prexdously  passed,  through  its  free  edge 
and  through  the  fibrous  capsule  on  the  inner  side  of  the  joint.  The  sutures  were 
tied  in  the  inner  incision.     (Fig.  208.) 

A  small  flap  of  fascia  covering  the  vastus  was  dissected  free  in  like  manner  and 
was  placed  between  the  patella  and  the  femur.  The  flap  was  secured  to  the  cap- 
sule with  catgut  sutures.  The  Esmarch  bandage  was  removed  and  the  bleeding 
points  were  secured.  Subcuticular  catgut  sutures  were  used  to  close  skin  wounds. 
A  small  drain  was  left  in  the  upper  angle  of  the  external  wound.  Dressings  and 
bandages  were  applied.  The  knee  was  immobilized  in  full  extension  by  means  of 
a  posterior  moulded  cast  of  plaster  of  Paris, 

Result. — Convalescence  after  ojDeration  was  uneventful  and  the  wounds  healed 
by  primary-  union.  The  cast  was  removed  permanently  after  three  weeks.  The 
joint  was  massaged  and  put  through  passive  motions  each  day  after  the  first  week. 
On  November  13th,  the  patient  was  anaesthetized  and  the  knee  forcibly  flexed  and 
extended  several  times. 
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The  principles  involved  in  the  operation  for  ankylosis  of  the  hip  are  given 
in  the  following  description  of  Murphy's  Case  IV. : 

This  operation  for  relief  of  the  ankylosis  was  performed  May  2d,  1903.  The 
usual  aseptic  preparations  of  the  right  hip  and  thigh  were  made.  A  U-shaped  in- 
cision was  made,  five  inches  wide  with  its  base  upward,  beginning  four  inches  above 
the  trochanter  and  extending  downward  two  inches  below  it.  The  trochanter  was 
exactly  in  the  centre  of  the  U.  The  incision  was  through  the  skin,  superficial  fat, 
and  fascia  lata,  and  these  tissues  were  dissected  upward  as  one  flap.  A  long  curved 
needle,  threaded  with  heavy  silk,  was  passed  around  the  base  of  the  trochanter 
beneath  the  muscles  attached  to  it,  and  by  means  of  this  carrier  a  chain  saw  was 
brought  into  position.  The  trochanter  was  then  sawn  off  and  retracted  upward. 
The  capsule  of  the  joint  was  next  incised  and  separated  from  the  ilium  all  the  way 
around.  The  attachment  of  the  gluteus  maximus  was  not  disturbed.  The  bone 
was  examined,  and  the  neck  of  the  femur  was  found  to  be  continuous  with  the  mar- 
gin of  the  acetabulum  by  firm  bony  union.  The  formation  of  a  new  head  for  the 
femur  and  a  new  acetabular  cavity  was  the  next  step  in  the  operation  and  was 
accomplished  in  the  following  manner:  The  bony  tissue  filling  the  acetabulum  was 
chiselled  free  from  the  latter  by  following  around  its  margin  (the  line  of  junction 
with  the  neck)  with  a  carpenter's  curved  chisel  one  inch  and  a  half  in  diameter. 
The  chisel  each  time  was  driven  in  obliquely  toward  the  fossa  acetabuli,  the  object 
of  this  being  to  make  the  new  femoral  head  as  nearly  spherical  as  possible.  When 
the  chiselling  process  was  completed,  the  new  head  was  entirely  separated  from  the 
sides  of  the  acetabulum  and  was  attached  only  at  the  bottom  by  a  narrow  bridge 
of  bone.  The  bridge  was  fractured  by  forcible  abduction  of  the  limb,  after  which 
the  head  was  dislocated  from  the  cavity  by  external  rotation  of  the  thigh.  The 
shape  and  contour  were  almost  exactly  those  of  a  normal  femoral  head,  except 
for  a  few  sharp,  bony  projections  which  were  removed  by  means  of  a  bone-cutting 
forceps.  Examination  of  the  acetabulum  showed  that  the  opening  at  the  bottom, 
through  which  the  necrotic  bone  had  been  removed  at  an  earlier  operation,  was 
entirely  closed  by  a  deposit  of  new  bone.  A  curette  was  used  to  smooth  off  the 
irregularities  produced  by  the  chisel  and  to  enlarge  the  cavity.  The  fascia  lata 
which  formed  a  part  of  the  original  U-shaped  flap  was  now  dissected  away  from 
the  subcutaneous  fatty  tissue  down  to  its  base,  where  the  vessels  entered  to  supply 
it  with  blood.  The  flap  of  fascia  was  then  drawn  down  under  the  head  of  the  femur 
and  carefully  fitted  into  the  acetabular  cavity  to  form  a  complete  lining  for  it. 
The  under  surface  of  the  flap,  one-half  inch  from  the  edge,  was  sutured  to  the  joint 
capsule  around  the  acetabular  margin  with  interi-upted  catgut  sutures  to  secure  it 
and  to  prevent  its  subsequent  displacement.  The  new  socket  being  in  readiness, 
the  head  of  the  femur  was  returned  to  its  normal  position  by  extension  and  adduc- 
tion of  the  thigh.  It  was  found  to  fit  accurately  and  it  could  not  be  dislocated 
by  any  of  the  ordinary  motions  of  moderate  degree.  The  free  border  of  the  fascial 
flap,  which  projected  from  the  margin  of  the  acetabulum,  was  now  sutured  with 
interrupted  catgut  sutures  to  the  periosteum,  and  the  capsule  was  attached  to  the 
neck  of  the  femur.  The  flap  was  amply  large,  so  that  it  completely  covered  the 
head  and  came  well  up  upon  the  neck  without  tension.  (I  consider  this  a  very 
important  point ;  the  entire  articular  surfaces  of  the  head  must  be  covered  by  fascia 
if  we  are  to  expect  a  good  functional  result,  and  the  same  applies  to  other  joints.) 
The  great  trochanter  was  brought  down  to  its  normal  position  and  accurately  se- 
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'cured  with  two  aluminum-bronze  wire  sutures.  The  skin  flap  was  replaced  and 
sutured  with  horsehair.  No  drainage  was  used.  Because  of  the  contraction  of 
the  flexors  and  adductors  of  the  thigh,  extension  and  abduction  were  limited  and 
were  accomplished  only  by  the  use  of  considerable  force.  The  contraction  was 
overcome  by  forcibly  stretching  the  muscles,  using  the  thigh  as  a  lever  and  at  the 
same  time  exerting  with  the  edge  of  the  hand  strong  pressure,  combined  with  a 
sawing  motion,  over  them  near  their  point  of  origin,  after  theLorenz  method.  The 
sartorius  was  divided  with  the  scalpel  close  to  its  attachment  to  the  anterior  supe- 
rior spine  of  the  ilium.  To  retain  the  limb  immobilized  until  the  firm  union  of 
the  parts  had  been  secured,  a  plaster  cast  was  applied,  including  the  pelvis  and 
entire  limb  in  full  extension  and  abduction. 

One  year  later,  this  patient  was  able  to  walk  without  crutch  or  cane,  the  motion 
in  the  joint  was  free  and  of  normal  extent  and  unaccompanied  by  pain. 


Fig.   209. — Arthroplastic   Operation   on    the  Elbow  Joint,     a,  Fat-bearing    fascial   flap;    b,  flap  be- 
fore it  is  displaced  into  joint;  c,  c,  flap  sutured  to  periosteum;  d,  saw-line  through  olecranon. 

The  operation  on  the  elbow  is  done  through  a  posterior  median  incision  six 
inches  long.  The  fascial  flap  is  removed  from  the  posterior  surface  of  the  triceps 
muscle.     (Fig.  209.) 

Dr.  Murphy  has  stated  in  a  recent  communication  that  this  method  of 
operating  has  not  been  materially  changed  during  the  past  two  years.  An 
increased  experience  has  emphasized  the  importance,  however,  of  including  a 
liberal  layer  of  fat  in  the  flap,  of  extensively  excising  the  ligaments,  and  of 
establishing  free  motion  at  the  time  of  operation. 

The  development  of  this  method  for  the  restoration  of  a  true  joint  after 
excision  of  the  joint  structures  marks  an  advancement  in  the  excision  of  dis- 
eased joints,  the  importance  of  which  can  scarcely  be  estimated.  The  prin- 
ciples involved  must  henceforth  be  taken  into  consideration  in  all  joint  opera- 
tions where  ankylosis  or  possible  restriction  of  motion  may  result  from  disease 
or  operation. 
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SPECIAL  EXCISIONS. 

Excision  of  the  Superior  Maxiila.— Excision  of  the  upper  jaw  will  be  re- 
quired for  a  number  of  conditions,  and  may  be  partial,  total,  or  temporary. 

The  development  of  new  growths  will  furnish  the  most  frequent  indica- 
tion for  the  operation.  Fibromata,  sarcomata,  carcinomata,  enchondromata, 
dentigerous  cysts,  osteomata,  and  adenomata  are  the  forms  of  tumors  which 
are  to  be  considered.  Necrosis  from  suppurative  disease  may  demand  a  par- 
tial resection.  Tumors  in  the  naso-pharynx  or  at  the  base  of  the  skull  may 
require  temporary  resection  of  the  jaw  for  their  exposure.  It  will  not  be  pos- 
sible to  discuss  in  this  place  the  differential  diagnosis  of  the  above-mentioned 
tumors ;  but  it  is  a  matter  of  very  evident  importance  to  decide  definitely  upon 
the  seat  of  origin,  the  extent  of  development,  and  the  nature  of  the  growth 
before  deciding  upon  excision.  A  malignant  growth  may  develop  entirely 
behind  the  antrum  and  push  its  way  forward  through  this  cavity,  and  in  many 
instances  the  disease  will  be  found  entirely  inoperable  at  the  time  when  the 
patient  first  presents  himself  with  a  tumor  of  the  upper  jaw.  The  writer  has 
recently  seen  a  case  which  seemed  to  present  conditions  favorable  to  excision; 
yet  a  history  of  polyp,  removed  some  months  previously  from  the  posterior 
portion  of  the  nasal  passage  on  this  side,  and  the  presence  of  an  exophthalmos, 
introduced  a  suspicion  of  a  deep-seated  tumor.  An  exploratory  opening  was 
therefore  made  through  the  anterior  wall  of  the  antrum,  and  there  was  revealed 
a  large  cavity  which  extended  backward  to  the  base  of  the  skull.  The  con- 
dition was  clearly  inoperable,  and  the  patient  was  saved  a  very  extensive 
operation.     (Consult  also  the  article  on  Diseases  of  the  Jaws,  Vol.  V.) 

The  chief  obstacles  which  are  encountered  in  any  one  of  the  operations 
about  to  be  described,  are  furnished  by  the  high  degree  of  vascularity  of  the 
region  and  the  difficulty  in  administering  an  anaesthetic . 

The  question  of  hemorrhage  calls  for  special  consideration,  both  because 
of  the  loss  of  blood  which  may  occur  at  the  time  of  operation,  and  because  of 
the  aspiration  of  blood  into  the  lungs,  which  has  always  been  a  most  dreaded 
complication  in  this  operation.  Preliminary  tracheotomy  and  tamponing  of 
the  pharynx  will  insure  good  anaesthesia  and  will  effectually  prevent  aspira- 
tion of  blood  into  the  lungs,  but  this  operation  possesses  definite  dangers  of 
its  own  and  is  not  to  be  recommended.  The  dependent  position  of  the  head, 
according  to  Rose,  has  also  been  used  as  a  means  of  preventing  the  aspiration 
of  blood;  but  this  position  materially  increases  the  flow  of  blood  to  the  region 
and  renders  the  field  of  operation  rather  inaccessible,  and  is  therefore  rarely 
used. 

Preliminary  ligation  of  the  external  carotid  artery  has  become  the  method 
of  choice  in  controlling  hemorrhage.     It  is  not  a  dangerous  operation  and  it 
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will  usually  control  the  blood  supply  satisfactorily.  It  may  be  stated,  further, 
that  the  operation  of  excision  of  the  upper  jaw  for  maUgnant  disease  cannot 
be  considered  to  be  complete  without  a  thorough  dissection  of  the  IjTnphatics 
of  the  submaxillary  triangle,  and  the  external  carotid  can  be  easily  Ugated  as 
one  step  in  this  operation.  Temporary  compression  of  the  carotid  arteries,  as 
has  been  suggested  by  Crile,  will  undoubtedly  supersede  hgation  in  some  cases, 
since  it  makes  possible  the  perfonnance  of  a  bloodless  operation  T^ithout  perma- 
nent damage  to  the  arterial  supply. 

Aspiration  pneumonia  is  very  greatly  influenced  by  the  nature  of  the  an- 
aesthesia. A  profoimd  anaesthesia  is  to  be  avoided,  since  even  vnih  the  great- 
est care  some  blood  is  almost  certain  to  find  its  way  into  the  pharynx,  and 
then  aspiration  will  take  place.  The  anaesthesia  of  choice  for  the  operation 
will  be  one  that  vnW,  in  so  far  as  possible,  prevent  pain,  yet  will  at  the  same 
time  preser\*e  the  reflexes  of  the  respiratory  passages.  The  best  results  will 
be  obtained  by  a  morphine-chloroform  or  morphine-ether  narcosis.  A  hypo- 
dermic injection  of  one-fourth  or  even  one-half  a  grain  of  morphine  is  given 
one-haK  hour  before  operation.  The  patient  is  then  fully  anaesthetized  with 
chloroform  or  with  ether  at  the  time  of  operation,  the  mask  is  removed  when 
all  is  ready  for  the  first  incision,  and  the  operation  is  completed  without  re- 
apphing  the  mask.  In  this  way  the  patient  ^-ill  be  entirely  anaesthetized  at 
the  time  of  incising  the  skin  and  during  the  dissection  of  the  skin  flap,  but  for 
the  remainder  of  the  operation  he  will  be  in  a  semi-conscious  condition,  and 
the  reflexes  vn\\  be  sufficiently  active  to  cause  him  promptly  to  expectorate 
any  blood  that  may  find  its  way  into  the  pharjTix.  The  patient  will  further- 
more be  able  to  lend  valuable  aid  by  changing  his  position  at  the  suggestion 
of  the  surgeon.  He  sufi'ers  very  little  pain  dming  the  operation,  but  may 
object  somewhat  when  the  sutures  are  applied. 

A  semi-reclining  position  will  greatly  aid  the  patient  in  keeping  liis  throat 
clear. 

The  Operation. — Before  undertaking  either  a  partial  or  a  total  resection 
of  the  jaw,  it  is  indispensable  that  the  anatomical  elements  involved  should  be 
given  careful  attention.  Lines  of  incision  should  be  used  which  wiU  give  scars 
that  are  not  only  inconspicuous,  but  that  wiU  not  interfere  with  the  play  of 
the  features.  The  course  and  the  distribution  of  the  facial  nerve  should  receive 
full  consideration.  Stenson's  duct  must  be  avoided,  as  it  passes  from  the  par- 
otid gland  to  empty  into  the  mouth  opposite  the  second  molar  tooth.  The 
course  of  the  duct  will  be  indicated  by  a  line  dra\\'n  from  the  lobe  of  the  ear 
to  a  point  midway  between  the  ala  of  the  nose  and  the  border  of  the  upper 
lip.  The  anatomy  of  the  bone  can  be  re\iewed  at  a  glance,  by  the  aid  of  a  dry 
skull,  and  the  lines  of  bone  section  necessary  for  its  removal  are  sufficiently 
indicated  in  Fig.  210. 

A  great  variety  of  incisions  have  been  recommended  for  exposing  the  upper 
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jaw  for  excision;  but  there  is,  in  reality,  only  one  method  of  performing  the 
resection  proper.  Lizar  and  Velpeau  made  a  curved  incision  from  the  angle  of 
the  mouth  upward  and  outward  to  the  malar  process  and  then  over  to  the  angle 
of  the  orbit,  (aa  ,  Fig.  211.)  Liston  made  a  similar,  but  straight,  incision,  which 
was  extended  when  necessary  along  the  zygoma,  (cc ,  Fig.  211.)  These  in- 
cisions are  open  to  the  very  serious  objection  that  they  expose  both  Stenson's 
duct  and  the  facial  nerve  to  injury,  and  they  leave  considerable  disfigurement. 
The  incision  of  Fergusson  (bb  ,  Fig.  211)  possesses  many  advantages  over 


Fig.  210. — Excision  of  the  Upper  and  Lower  Jaws,  a,  b,  c,  Lines  of  bone  section  in  total  excision 
of  the  upper  jaw;  e,  c,  lines  of  bone  .section  in  partial  excision  of  the  upper  jaw;  h,  excision  of  the 
alveolar  border;  k,  Esmarch's  wedge-shaped  resection  of  the  lower  jaw  for  ankylosis;  m,  saw  line  in 
resection  of  lower  jaw.     (Original.) 


all  other  incisions  and  is  almost  without  exception  the  incision  recommended 
by  surgeons.  After  the  posterior  nares  have  been  plugged  and  the  arte- 
ries of  the  lip  have  been  secured  on  both  sides  by  the  application  of  medium- 
sized  serre-fine  chps,  an  incision  is  made  through  the  median  line  of  the  upper 
lip,  thence  close  around  the  ala  of  the  nose,  up  along  the  side  of  this  organ  to 
the  inner  canthus,  and  outward  along  the  lower  border  of  the  orbit  as  far  as 
the  malar  prominence.  A  brisk  hemorrhage  will  follow,  but  this  can  be  easily 
controlled  by  pressure;  and,  if  a  gauze  dressing  has  been  placed  inside  the  lips 
before  the  incision  was  begun,  no  blood  will  get  into  the  mouth.  The  flap, 
thus  outlined,  is  rapidly  dissected  outward  close  to  the  bone,  and  all  hemor- 
rhage may  then  easily  be  controlled.    The  ala  of  the  nose  having  been  separated 
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from  the  bone,  and  the  periosteum  of  the  orbit  having  been  elevated,  it  will 
be  found  that  the  bony  surface  of  the  upper  jaw  is  thoroughly  exposed. 

The  malar  process  of  the  superior  maxilla  is 
now  divided  with  bone-forceps  or  by  a  saw,  just 
in  front  of  the  origin  of  the  masseter  muscle, 
the  eye  being  protected  by  the  index  finger  of  the 
operator's  left  hand  placed  on  the  margin  of  the 
orbit.  (Figs,  210  and  212.)  This  bone  section  is 
on  a  line  with  the  spheno-maxillary  fissme.  The 
thin  floor  of  the  orbit  is  next  dimled  with  a 
scalpel  from  the  inner  end  of  the  spheno-maxillary 
fissure  forward  to  the  nasal  process,  and  this  proc-  - 
ess  is  divided  with  bone-forceps.  The  attention 
is  now  directed  to  the  interior  of  the  mouth,  where 
the  mucous  membrane  is  di^'ided,  first  transversely 
along  the  line  of  junction  between  the  hard  and 
soft  palates,  then  along  the  median  line.  The 
mucous  membrane  of  the  nose  is  likewise  di^'ided 
by  a   longitudinal  incision   made    alongside  the 

septum 


Fig.  21 1. — Excision  of  the  Upper 
Jaw.  (After  Bryant.)  aa',  The 
Lizar  and  Velpeau  incision;  bb', 
the  Fergusson  incision;  cc'.  Lis- 
ten's incision. 


The  hard  palate  is  then 
divided  antero-posteriorly  with  a 
metacarpal  saw  along  the  line 
of  this  nasal  incision.  All  bony 
connections  have  now  been  di- 
vided, and  the  body  of  the  jaw 
is  seized  A\'ith  lion- jaw  forceps 
and  by  a  combined  rocking  and 
twisting  motion  the  bone  is  very 
rapidly  torn  away  from  all  pos- 
terior connections.  A  very  brisk 
hemorrhage  will  follow  imme- 
diately, and  a  serious  loss  of 
blood  will  occur  unless  an  assist- 
ant is  ready  to  plug  the  cavity 
at  once  with  a  large  gauze  dress- 
ing. This  plugging  of  the 
ca^^ty  should  be  very  firm  and 
should  be  supplemented  by  con- 
tinued hand  pressure.  After  a 
few  minutes  the  packing  is  grad- 
ually removed  in  layers,  and  bleeding  points  are  secured  as  they  are  uncovered. 
In  some  instances  it  may  be  deemed  wise  to  leave  the  pterygoid  process, 


Fig.  212. — Excision  of  the  Superior  Maxilla.  (After 
Bryant.)  The  soft  tissues  have  been  reflected  in  a 
flap  made  by  the  Fergusson  incision,  and  the  bony  con- 
nections are  about  to  be  divided. 


382  AMERICAN  PRACTICE  OF  SURGERY. 

together  with  its  attached  muscles,  undisturbed.  When  it  is  not  to  be  removed, 
the  flap  is  forcibly  pulled  backward,  the  soft  tissues  are  separated  from  with- 
out, as  far  back  as  the  pterygoid,  and  the  bony  process  is  chiselled  off  from 
without. 

Should  any  cancerous  tissue  remain  behind  after  the  jaw  has  been  excised, 
it  should  be  removed  by  means  of  the  rongeur  forceps,  by  sharp  dissection,  or, 
as  has  been  suggested  by  Jacobson,  by  the  application  of  a  zinc-chloride  paste 
made  up  with  equal  parts  of  flour. 

The  wound  is  now  completely  closed  by  suture,  with  or  without  drainage. 
The  after-treatment  of  the  wound  is  greatly  facilitated,  in  those  cases  in  which 
the  mucous  membrane  over  the  hard  palate  is  not  involved,  by  making  the 
incision  just  inside  the  alveolar  border  and  separating  it  from  the  palate  as 
far  as  the  middle  line.  This  will  make  it  possible  to  suture  the  mucous  mem- 
brane of  the  mouth  to  the  line  of  incision  in  the  inner  side  of  the  cheek,  and 
the  woimd  cavity  can  be  excluded  from  the  mouth. 

The  wound  cavity,  however,  is  almost  certain  to  become  infected  and  foul, 
and  provision  must  be  made  for  free  irrigation.  The  after-treatment  should 
be  conducted  with  the  patient  in  the  sitting  posture,  to  facilitate  drainage  of 
the  cavity;  and  the  latter  should  be  irrigated  twice  daily  with  normal  salt 
solution  or  with  a  solution  of  potassium  permanganate.  Mouth-washes  should 
be  used  freely  in  the  interval.  The  most  efficient  irrigation  will  be  accom- 
plished by  passing  a  soft-rubber  catheter  as  far  as  to  the  apex  of  the  cavity 
and  allowing  a  liberal  quantity  of  the  solution  to  flow  through  it  from  a  foun- 
tain syringe,  as  the  patient  bends  over  a  basin. 

For  a  few  days  the  patient's  diet  should  be  limited  to  fluids,  and  these  should 
be  taken  through  a  soft  tube.  Healing  of  the  face  wound  usually  takes  place 
very  promptly  and  without  scarring;  the  disturbed  sensation  is  slowly  regained, 
and  the  disfigurement  is  not  great.  Speech  will  be  faulty  because  of  the 
hole  in  the  hard  palate,  but  this  can  be  remedied  by  wearing  a  plate  over  the 
opening.  Furthermore,  a  skilled  dentist  can  improve  very  greatly  the  disfig- 
urement which  results  from  the  sinking  in  of  the  cheek.  When  the  operation  has 
been  done  for  malignant  disease,  plates,  which  may  cause  continued  irritation 
or  pressure,  should  not  be  kept  applied  for  any  considerable  period  of  time. 

The  primary  results  from  the  operation  are  usually  good,  since  death  rarely 
results  from  the  operation  alone.  The  ultimate  results  as  to  cure,  deformity, 
and  speech  will  be  good  in  the  non-malignant  cases;  but  this  cannot  be  said 
regarding  operations  performed  for  the  eradication  of  a  sarcoma  or  a  car- 
cinoma. The  disease  has  usually  extended  so  far,  before  the  patient  applies 
for  operative  relief,  and  the  probability  that  some  extensions  of  the  disease 
will  be  left  behind  is  so  great,  that  recurrence  is  extremely  Hkely  to  occur. 
When,  therefore,  it  is  evident,  upon  examination,  that  the  disease  has  extended 
beyond  the  limits  of  the  maxifla,  the  operation  should  not  be  undertaken. 


EXCISIONS  OF  BONES  AND  JOINTS.  383 

Subperiosteal  Excision. — When  excision  is  done  for  non-malignant  condi- 
tions, the  periosteum  should  be  left.  So  far  as  its  essential  principles  are  con- 
cerned, this  operation  does  not  differ  greatly  from  that  ab-eady  described. 
The  Fergusson  incision  (or  the  perpendicular  median  portion  alone  of  this 
incision)  is  again  the  incision  of  choice;  but  OlUer's  incision,  beginning  over 
the  malar  bone  and  extending  to  the  upper  Up,  one-third  of  an  inch  from  the 
angle  of  the  mouth,  is  prefen-ed  by  some  operators.  The  skin  flap  is  very  care- 
fully separated  from  the  external  surface  of  the  bone  by  a  periosteal  elevator. 
Tlie  mucous  membrane  on  the  outer  suface  of  the  alveolar  border  is  then  di- 
\ided  down  to  the  bone  from  the  incisor  or  canine  tooth,  in  front,  to  the  last 
molar  behind.  This  incision  is  continued  around  the  last  molar  and  back 
along  the  inner  surface  of  the  alveolar  border  to  a  point  directly  opposite  the 
point  of  beginning.  A  supplementary  incision  follo^^■ing  the  course  of  the  pre- 
maxillary  suture  is  continued  to  the  median  Une  of  the  hard  palate.  The 
periosteum  is  now  separated  from  all  surfaces  of  the  bone,  and  the  connections 
between  the  hard  and  soft  palates  are  divided.  The  remaining  steps  of  the 
operation  are  identical  with  those  already  described  in  the  non-subperiosteal 
operation.  The  wound  left  by  such  an  operation  can  be  more  easily  managed 
and  the  results  are  in  every  way  very  much  better,  since  a  considerable  regen- 
eration of  bone  occurs,  and,  even  when  this  fails  to  take  place,  a  firm  connective- 
tissue  support  is  given  to  the  tissues. 

Partial  Excision. — A  partial  excision  of  the  upper  jaw  will  be  demanded  for 
the  relief  of  limited  disease  of  the  bone.  This  operation  will  be  of  necessity 
atypical  in  its  nature  and  in  every  instance  will  be  designed  to  meet  the  re- 
quirements of  the  individual  case.  The  bone  may  be  exposed  and  excised 
through  incisions  made  wholly  within  the  mouth,  or  the  same  external  excisions 
that  have  been  described  above  may  be  used.  The  amount  of  bone  removed 
will  vary  greatly.  A  transverse  saw  Une  may  be  used,  just  below  the  border 
of  the  orbit,  or  below^  the  infraorbital  foramen  (e.  Fig.  210),  or  it  may  be  neces- 
sary to  remove  the  outer  wall  of  the  antnmi  alone,  or  the  alveolar  border  of 
the  bone  alone.  {H,  Fig.  210.)  The  excision  may  be  by  the  subperiosteal  or 
by  the  non-subperiosteal  method,  the  choice  depending  upon  the  concUtion  for 
which  the  operation  is  performed.  The  bone  can  be  very  advantageously  re- 
moved in  partial  excision  with  a  rongeur  forceps  or  with  chisel  and  mallet. 
The  mechanical  dentist  can  do  much  to  correct  deformity  and  defect  in  speech 
after  an  operation  of  this  type.  He  will  be  greatly  assisted  in  this  work  if  the 
canine  tooth  has  been  presers'ed,  since  this  tooth  not  only  gives  form  to  the 
face  from  the  front,  but  it  provides  the  best  point  of  attachment  for  mechanical 
devices. 

The  simultaneous  excision  of  both  halves  of  the  upper  jaw"  is  performed  by 
an  incision  similar  to  that  recommended  by  ^'elpeau,  and  running  from  the 
angle  of  the  mouth  to  the  middle  of  the  malar  bone  on  each  side.    The  entire 
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face  is  then  dissected  upward  as  far  as  the  orbit  in  one  flap,  both  nasal  processes 
are  divided  as  in  the  single  operation,  the  hard  palate  is  separated  from  the 
soft  palate,  and  both  jaws  are  removed.  Should  it  be  deemed  wise  to  remove 
each  half  separately,  the  hard  palate  should  be  divided  in  the  median  line  as 
in  the  operation  for  the  excision  of  one  side  only. 

Dieffenbach  makes  a  vertical  median  incision  which  extends  along  the  ridge 
of  the  nose  and  is  continued  downward  through  the  upper  lip.  This  incision 
is  supplemented  by  lateral  transverse  incisions  made  from  the  upper  end  of 
this  incision  and  extending  outward  to  a  point  one-half  inch  below  the  middle 
of  each  orbit. 

This  operation  will  necessarily  result  in  much  deformity,  but  the  patients 
usually  recover  satisfactorily.     Fortunately,  the  operation  is  rarely  indicated. 

Osteoplastic  Resection  of  the  Upper  Jaw. — This 
operation  is  sometimes  performed  for  the  exposure 
of  tumors  at  the  base  of  the  skull.  This  may  be 
accompHshed  either  from  the  face  or  through  the 
mouth,  but  it  should  be  remembered  that  a  surgeon 
who  is  expert  in  nose  and  throat  operations  can 
usually  manage  the  operable  tumors  through  the 
nose  and  mouth. 

Langenbeck  has  designed  an  operation  by  the 
facial  route  in  which  the  incision  begins  at  the 
inner  angle  of  the  eye  and  extends  along  the  lower 
border  of  the  orbit  to  the  malar  bone,  where  it  makes 
a  broad  loop  and  returns,  as  indicated  in  Fig.  213,  to 
the  ala  of  the  nose.  This  incision  is  continued  do\\Ti 
to  the  bone.  The  masseter  muscle  is  divided  from  the  lower  border  of  the 
malar  bone,  the  soft  tissues  are  elevated  from  the  outer  and  posterior  surface 
of  the  maxilla,  and  a  narrow-bladed  saw  is  forced  through  into  the  pharynx, 
where  it  is  intercepted  by  the  index  finger  of  the  left  hand  passed  in  through 
the  mouth.  The  soft  parts  are  retracted  and  the  upper  jaw  is  now  sawed 
through  horizontally  just  above  the  alveolar  border.  (Fig.  214.)  The  soft 
parts  are  still  further  dissected  in  the  malar  region  and  the  zygomatic  arch  is 
sawed  through  in  the  middle.  The  frontal  process  of  the  malar  bone  is  now 
divided  as  far  as  to  the  spheno-maxillary  fissure,  and  the  floor  of  the  orbit  is 
divided  as  far  as  the  nasal  process.  Care  should  be  taken  not  to  injure  the 
nasal  duct.  All  bony  attachments  are  now  divided,  and  the  skin  and  bone 
flap  can  be  pried  up  and  turned  inward  to  the  median  line.  The  tumor  is  then 
removed  and  the  osteoplastic  flap  is  turned  back  into  place.  0.  Weber  modi- 
fies the  external  incision  in  this  operation  by  placing  the  base  of  the  flap  in 
the  malar  region  and  reflecting  the  flap  outward.  In  this  way  the  facial  nerve 
is  less  likely  to  be  injured. 


Fig.  213. — Langenbeck's  In- 
cision for  Osteoplastic  Resec- 
tion of  the  Upper  Jaw. 
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These  operations  are  very  blood}',  and,  as  has  already  been  stated,  the 
expert  can  usually  accomplish  the  same  result  through  the  nose  and  mouth ;  as 
a  matter  of  fact,  the  operation  is  not  generally  employed. 

Excision  of  the  Lower  Jaw. — Excision  of  the  lower  jaw  vnll  be  required 
for  necrosis,  which  has  resulted  cither  from  infection  or  from  the  action  of 
phosphorus,  or  for  the  removal  of  a  tumor.  Central  sarcoma  is  the  most  com- 
mon type  of  new  growth  that  occurs  in  this  bone,  and  it  presents  favorable 
conditions  for  operation,  since  it  grows  slowh',  does  not  infiltrate  the  surround- 
ing tissues,  and  does  not  usually  cause  hTnphatic  involvement.     Particular 


Fig.  214. — Lines  of  Bone  Section  in  Osteoplastic  Resection  of  the  Upper  Jaw.     (Original.) 


attention  is  called  to  the  necessity  of  making  an  accurate  diagnosis  before  de- 
ciding upon  an  excision.  The  wTiter  had  this  }X)int  very  definitely  brought 
to  mind  by  a  case  of  dentigerous  cyst  which  had  passed  through  the  hands  of 
more  than  one  surgeon  as  a  case  of  sarcoma.  The  cUagnosis  had  even  been 
confirmed  by  a  microscopic  examination  of  adjacent  granulation  tissue  which 
revealed  giant  cells  (irritation  giant  cells) ;  yet  an  incision  into  the  well-marked 
central  tumor  of  the  jaw  revealed  a  tj'pical  dentigerous  cyst.  Subsequent 
microscopic  examination  of  the  thickened  tissue  which  had  been  removed  wdth 
the  cyst  showed  no  e^'idence  of  sarcoma;  and  the  patient  has  remained  per- 
fectly well  since  this  operation,  which  was  performed  several  years  ago. 

The  dangers  that  have  already  been  mentioned  in  describing  the  operation 
of  excision  of  the  upper  jaw  will  be  frequently  encountered  in  excision  of 
the  lower  jaw.    The  aspiration  of  blood  is  perhaps  less  hkely  to  occur,  but 
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should  receive  due  consideration.  The  rules  with  regard  to  the  administration 
of  the  anaesthetic  and  the  position  of  the  patient  should  be  the  same  in  this 
operation  as  in  that  for  excision  of  the  upper  jaw. 

When  the  continuity  of  the  arch  of  the  jaw  is  not  interrupted,  we  speak  of 
the  operation  as  a  partial  resection;  when  a  greater  or  less  extent  of  the  arch 
of  the  jaw  is  removed,  it  is  spoken  of  as  a  complete  resection;  or  the  resection 
is  said  to  be  temporary,  when  the  bone  is  divided  for  the  purpose  of  exposing 
deeper  structures,  and  then  is  sutured  back  in  place.  Whenever  possible,  the 
periosteum  should  be  preserved — since  a  certain  amount  of  bone  will  be  re- 
produced; and,  even  though  no  bone  be  formed,  this  membrane  serves  as  the 
basis  for  a  firm  connective-tissue  body,  which  will  give  attachment  to  the  mus- 
cles and  serve  as  a  support  upon  which  prosthetic  apparatus  may  be  fitted. 
It  is,  of  course,  impossible  to  preserve  the  periosteum  in  malignant  disease. 

Anatomical  Considerations. — There  are  many  anatomical  points  to  be 
remembered  in  the  course  of  this  operation.  For  example,  the  facial  nerve  is 
always  in  danger  when  the  incision  extends  past  the  angle  of  the  jaw.  Also, 
the  lingual  nerve  lies  very  close  to  the  inner  surface  of  the  ramus,  while  the 
internal  maxillary,  inferior  dental,  and  external  carotid  arteries  are  in  such 
close  relationship  to  this  structure  that  they  are  liable  to  be  injured.  The 
muscles  of  mastication  should  be  preserved  whenever  possible,  and  great  care 
should  be  taken  to  hold  the  tongue  strongly  forward  whenever  it  becomes  nec- 
essary to  divide  the  anterior  attachments  of  the  genio-hyo-glossus  muscles, 
since  they  have  much  to  do  with  maintaining  the  tongue  in  position.  Should 
this  point  be  neglected,  the  patient  might  quickly  suffocate  from  the  tongue  fall- 
ing back  over  the  larynx. 

Partial  Resection. — Partial  resection  involves,  as  a  rule,  only  the  alveo- 
lar process,  but  may  extend  well  down  into  the  body  of  the  jaw  in  the  case  of 
necrosis  or  a  dentigerous  cyst.  This  operation  is  usually  performed  entirely 
within  the  oral  cavity,  and  it  is  unnecessary  to  divide  the  angle  of  the  mouth 
even  when  the  disease  is  located  well  back  toward  the  ramus,  since  the  mouth 
can  be  sufficiently  retracted.  When  the  operation  is  performed  for  non-malig- 
nant disease,  the  periosteum  is  carefully  elevated  over  the  diseased  area  and 
the  bone  is  cut  away  with  strong  bone-forceps.  The  cavity  left  is  packed 
firmly  with  plain  gauze  for  twenty-four  hours,  then  is  treated  by  frequent  irri- 
gation with  some  bland  mouth-wash.  In  phosphorus  necrosis,  it  may  be  pos- 
sible to  excise  the  sequestrum  through  an  external  incision,  made  just  below 
the  lower  border  of  the  jaw,  without  interfering  with  the  continuity  of  the  in- 
volucrum,  and  without  opening  into  the  cavity  of  the  mouth. 

Complete  Resection. — Complete  resection  of  a  portion  of  the  bone,  or 
the  resection  of  an  entire  half  of  the  bone,  is  not  a  difficult  operation.  A 
complete  solid  arch  is  necessary  for  the  performance  of  function.  The  great- 
est difficulty,  therefore,  will  arise  from  the  prosthetic  viewpoint. 
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The  incisions  used  will  be  made  either  wholly  within  the  mouth  or  wholly 
5i  the  external  surface,  or  it  may  be  found  necessary  to  employ  both  kinds 
of  incisions.  The  central  portion  of  the  jaw  or  a  Umited  segment  of  the 
lateral  portion  may  be  removed  by  internal  incisions  alone;  while  the  ramus 
or  the  portion  of  the  bone  behind  the  teeth  <;an  be  removed  subperiosteally 
through  an  external  incision,  without  opening  into  the  ca^^ty  of  the  mouth. 
Complete  removal  of  the  lateral  half  of  the  lower  jaw  will  require  both  a 
median  and  an  external  lateral  incision  along  the  border  of  the  jaw  (b,  Fig. 
215).  Excision  for  phosphorus  necrosis  is  usually  an  easy  operation,  and 
can  be  done  either  from  within  or  from  without.  "UTien  the  teeth  are  hope- 
lessly lost,  the  operation  should  be  done  from  within;  when  there  seems  a 
chance  to  preserve  the  teeth  in  the  newly 
formed  bone  they  should  be  left  imdisturbed 
and  the  sequestrum  should  be  removed  from 
below  through  an  external  incision. 

Excision  of  the  central  portion  of  the 
jaw,  even  when  the  part  to  be  removed  ex- 
tends back  as  far  as  the  angle,  can  be  most 
satisfactorily  accomplished  through  a  median 
incision  which  divides  the  Up  and  extends 
downward  as  far  as  the  hyoid  bone.  This 
incision  is  easy  to  make,  leaves  very  slight 
disfigurement,  and  eUminates  largely  the  dan- 
gers of  injury  to  the  muscles  and  nerATS  of 
deglutition.  After  this  incision  has  been  made, 
a  heavy  silk  suture  should  be  passed  through 
the  tongue  well  behind  the  tip,  and  its  two 
ends  tied  together  for  use  as  a  tractor.    This 

will  prevent  the  tongue  from  falUng  backward  over  the  glottis  when  the  genio- 
hyo-glossus  muscles  are  di\ided.  A  tooth  is  now  drawn  at  the  site  of  the 
proposed  bone  section,  and  the  jaw  is  divided  with  a  GigU  saw.  Then,  after 
the  sawed  end  has  been  drawTi  forcibly  outward,  the  periosteum  is  carefully 
separated  from  the  bone  until  the  site  of  the  second  bone  section  has  been 
reached. 

When  the  central  portion  of  the  bone  alone  is  to  be  resected,  a  curved  in- 
cision is  made  inside  the  mouth  along  the  line  of  the  fold  of  the  buccal  mucous 
membrane,  the  soft  tissues  are  dissected  away  from  the  outer  surface  of  the 
bone,  and  all  of  the  soft  parts  of  the  chin  are  pushed  back  beneath  the  tip  of 
the  bone.  After  the  desired  amount  of  bone  has  been  removed  by  either  one 
of  the  foregoing  methods,  hemorrhage  is  carefully  arrested,  an  interdental 
splint  (which  has  been  previously  constructed)  is  fixed  to  the  sawed  ends  of 
the  bone,  and  the  periosteum  is  sutured  over  this  mould.     It  is  veTj  important 


Fig.  215. — Excision  of  the  Upi>er  and 
Lower  Jaws,  a,  Langenbeck's  incision 
for  excision  of  the  upper  jaw ;  b,  inci- 
sion for  removal  of  lower  jaw. 
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that  the  two  ends  of  the  bone  should  be  kept  properly  separated  during  heal- 
ing. The  presence  of  a  moulded  interdental  splint  will  influence  the  newly  form- 
ing jaw  to  develop  in  a  proper  shape.  Unless  this  precaution  is  taken  there 
will  be  a  tendency  for  the  two  ends  of  the  bone  to  fall  more  and  more  together, 
thus  interfering  in  many  ways  .with  the  comfort  and  appearance  of  the  pa- 
tient. Chewing  will  be  interfered  with  by  a  lack  of  perfect  approximation  of 
the  biting  surfaces,  swallowing  and  speaking  may  be  imperfect,  there  will  be 
an  annoying  flow  of  saliva,  the  chin  will  become  increasingly  disfigured,  the 
tongue  will  show  a  tendency  to  fall  backward,  and  the  mouth  will  become 
narrower  and  narrower  until  the  movements  of  the  tongue  are  very  seriously 
impaired,  more  especially  if  the  portion  of  bone  removed  be  of  considerable 
size.  Carefully  constructed  interdental  splints;  division  of  the  bone,  when 
possible,  just  external  to  the  insertion  of  the  genio-hyo-glossus  nmscles;  and 
resuture  of  these  muscle  insertions,  when  they  have  been  divided,  to  as  solid 
a  point  as  can  be  found,  will  do  much  to  prevent  the  distressing  symptoms  to 
which  I  have  just  referred. 

Excision  of  the  lateral  half  of  the  lower  jaw  will  be  necessary  when  the  dis- 
ease involves  the  angle  and  the  ascending  ramus  of  the  jaw.  For  this  opera- 
tion an  incision  is  made  from  the  median  line  in  front,  beneath  the  lower  border 
of  the  jaw,  to  the  angle,  then  upward  along  the  posterior  border  of  the  ramus, 
as  far  as  the  lobe  of  the  ear  (6,  Fig.  215).  Great  care  should  be  taken  not 
to  injure  the  facial  nerve.  This  incision  may  be  supplemented  by  a  perpen- 
dicular median  incision  in  front,  while  the  posterior  portion  of  the  incision  may 
be  very  wisely  utilized  for  ligation  of  the  external  carotid  artery  above  the 
thyroid  or  above  the  lingual  artery.  The  bone  is  first  exposed  in  front  and  di- 
vided just  external  to  the  point  of  insertion  of  the  genio-hyo-glossus.  (Fig.  216.) 
The  end  of  the  portion  to  be  removed  is  now  pulled  strongly  outward  and  the 
connections  of  the  bone  are  carefully  separated  back  to  the  coronoid  process. 
This  process,  together  with  the  insertion  of  the  temporal  muscle,  is  now  clipped 
off  with  bone-forceps,  and  the  neck  of  the  bone  is  cleared  by  blunt  dissection, 
great  care  being  taken  to  protect  the  internal  maxillary  artery  and  the  lingual 
nerve.  The  head  of  the  bone  is  then  removed  by  twisting  it  forcibly  away 
from  its  connections.  Sharp  instruments  should  be  avoided  in  this  disarticu- 
lation. Hemorrhage  will  be  greatly  lessened  if  the  inferior  dental  artery  is 
caught  before  it  is  divided.  After  all  hemorrhage  has  been  arrested,  the  flap 
is  sutured  back  in  place,  and  drainage  is  placed  at  the  former  position  of  the 
angle  of  the  jaw. 

As  has  already  been  stated,  this  operation  is  not  attended  by  great  technical 
difficulties;  yet  the  ultimate  result  will  not  be  satisfactory  unless  the  resected 
portion  of  the  jaw  is  immediately  replaced  by  artificial  means.  Muscular  and 
cicatricial  contraction  causes  the  stumps  of  the  jaws  to  be  drawn  inward  in  a 
surprisingly  short  time,  and  when  the  deformity  has  once  occurred  it  will  be 
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practically  ini]X)ssible  to  overcome  it.  Some  dcvdce  must  therefore  be  applied 
immediately  in  order  to  prevent  the  evil. 

Martin  constructs  an  artificial  jaw  from  gutta  percha,  which  can  be  accu- 
rately fashioned  at  the  time  of  operation  to  fit  into  the  defect,  and  which  is 
screwed  or  nailed  to  the  stumps  of  the  bone  by  lateral  metal  plates.  This  pro- 
\'isional  splint  is  left  in  place  during  the  course  of  wound-healing,  and  serves 
to  support  both  the  bony  and  the  soft  parts.  When  healing  is  complete  a  per- 
manent plate  fitted  with  teeth  is  applied. 

Other  surgeons  ha^e  used  metal  plates  in  the  same  way.  These  plates 
should  be  sufficiently  large  and  so  shaped  as  to  give  proper  support  to  the  soft 
parts  or  even  to  stretch  them,  and  they  can  be  either  wired  or  screwed  to  the 
bone  ends.  Aluminum  has  been  used  with  much  satisfaction  by  Partsch  and 
Stoppany  for  this  purpose.     A  metal  splint  can  be  easily  kept  clean,  and  in  from 


Fig.  216. — Excision  of  the  Lower  Jaw.     a,  c,  and  e,  Lines  of  bone  section  in  ankylosis  of  the 

lower  jaw.     (Original.) 


three  to  four  weeks  it  can  be  replaced  by  a  permanent  plate.  Carl  Beck  has 
reported  a  case  in  which  paraffin  was  used  to  correct  severe  deformity  after 
resection  of  the  entire  lower  jaw,  no  provision  ha%"ing  been  made,  after  the  pri- 
mary operation,  for  the  prevention  of  deformity  and  loss  of  function.  The 
paraffin  was  injected  along  the  entire  length  of  the  former  position  of  the  jaw, 
and  an  excellent  cosmetic  and  functional  result  was  obtained. 

Osteoplastic  Resectiox  of  the  Lower  Jaw. — Tliis  operation  is  per- 
formed for  the  free  exposure  and  operative  treatment  of  lesions  in  the  floor  of 
the  mouth,  at  the  root  of  the  tongue,  or  in  the  fauces.  For  the  exposure  of 
lesions  anterior  to  the  fauces  a  median  incision  thiough  the  lip  and  bone  is 
used.  When  the  disease  affects  the  fauces  or  the  pharjux,  a  better  exposure 
will  be  obtained  by  di^'iding  the  bone  just  in  front  of  the  ascending  ramus  of 
the  jaw.  Langenbeck  recommends  an  incision  that  is  carried  perpendicularly 
downward  from  the  angle  of  the  mouth,  while  Kocher  prefers  an  incision  which 
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has  been  recommended  above  for  excision  of  the  posterior  portion  of  the  lower 
jaw,  and  which  is  made  parallel  to  and  miderneath  the  border  of  the  jaw.  In- 
asmuch as  the  posterior  fragment  will  invariably  show  a  tendency  to  become 
displaced  upward  and  inward,  after  division  at  this  point,  the  bone  is  sawed 
along  a  line  extending  from  above  obliquely  downward  and  forward,  and  from 
without  inward  and  backward.  In  osteoplastic  resection  the  drill  holes,  for 
resuture  of  the  bone,  should  be  made  before  the  bone  is  sawed  through. 

Resection  of  the  Temporo-maxillary  Articulation  for  the  Relief  of 
Fixation  of  the  Lower  Jaw. — Immobility  of  the  lower  jaw  develops  as  a 
result  of  cicatricial  contraction  of  the  soft  parts,  as  a  result  of  articular  anky- 
losis, or  from  unreduced  dislocation. 

Cicatricial  contraction  of  the  tissues  of  the  cheek  will  follow  sloughing  set 
up  by  cancrum  oris,  burns,  scarlet  fever,  measles,  typhus,  mercurial  stomati- 
tis, alveolar  abscess,  and  suppurative  disease  of  the  malar  bone.  Firm  fibrous 
bands  form  within  the  mouth,  and  the  lower  jaw  is  firmly  bound  to  the  upper, 
producing  complete  immobility  without  disease  of  the  articulation.  The  same 
disease  may,  however,  produce  a  simultaneous  arthritis  with  ankylosis,  or  a 
suppurative  inflammation  may  develop  primarily  in  this  articulation,  and  the 
only  cause  of  immobility  in  the  lower  jaw  may  be  an  ankylosis  of  one  or  both 
temporo-maxillary  articulations.  The  operation  required  for  the  relief  of  im- 
mobility will  therefore  depend  upon  the  nature  of  the  obstruction.  When  the 
fixation  is  caused  by  cicatrical  tissue,  it  will  do  no  good  to  divide  the  cicatricial 
bands,  since  they  will  promptly  re-form;  and  plastic  operations  undertaken 
for  the  cure  of  stich  bands  are  so  frequently  unsuccessful  that  surgeons  have 
uniformly  decided  that  the  new  joint  must  be  made  in  front  of  the  limiting 
cicatricial  tissue.  This  conclusion  has  been  very  largely  modified  by  the  sug- 
gestion of  Helferich,  MikuHcz,  and  Murphy,  to  interpose  nmscle  or  fascia  be- 
tween the  divided  bone  ends.  This  arthroplastic  procedure  is  not  suflScient 
in  itself,  however,  to  secure  the  desired  result;  the  limiting  cicatricial  tissue 
should  be  sufficiently  excised  to  give  free  motion,  and  a  flap  of  skin  from  the  neck 
should  be  transplanted  into  the  defect.  At  the  same  time  it  must  be  under- 
stood that  the  nature  and  the  extent  of  the  lesion  will  differ  so  greatly  in  these 
cases  that  the  operation  must  be  planned  to  meet  the  indications  of  the  indi- 
vidual case.  This  type  of  immobility  of  the  lower  jaw  has  its  origin  in  the 
period  of  youth,  and  the  primary  disease  will  usually  be  found  to  have  influenced 
the  development  of  the  entire  lower  jaw  to  such  a  degree  that  it  preserves 
its  youthful  size  and  shape  in  adult  life.  This  increases  greatly  the  difficulties 
of  obtaining  a  satisfactory  result.  When  the  fixation  is  the  result  of  ankylosis 
alone,  an  arthroplastic  operation  will  give  an  excellent  result. 

Operation  for  the  Establishment  of  a  Joint  Anterior  to  Cicatri- 
cial Bands. — The  incision  will  vary  with  the  proposed  location  of  the  new 
joint.    This  may  be  located  almost  as  far  forward  as  the  mental  foramen  or 
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as  far  back  as  the  coronoid  process.  The  modern  requirements  of  tissue  in- 
terposition demand  a  hberal  incision  below  the  border  of  the  jaw — one  which 
will  not  only  expose  the  bone,  but  will  Ukewise  give  a  sufficient  fascial  flap. 
The  new  joint  should,  of  course,  be  made  as  far  back  as  is  possible. 

The  incision  is  carried  down  to  the  bone  at  the  site  of  the  section,  the  peri- 
osteum is  elevated  on  both  sides,  and  a  wedge-shaped  piece,  the  base  of  the 
wedge  being  below,  is  removed  with  a  saw  or  a  rongeur.  When  enough  bone 
has  been  removed  to  insure  perfect  mobility,  a  flap  of  fat-bearing  fascia  from 
the  neck,  or  a  muscle  flap  from  the  masseter  or  the  temporal  muscle,  is  care- 


FiG.    217. — Double  Resection  of  Temporo-maxillary    Articulation.     Four   months    after    operation, 
the  space  between  the  incisor  teeth  measures  three-fourths  of  an  inch  in  width.     (Original.) 


fully  sutured  in  place  between  the  divided  ends,  and  the  wound  is  closed.  As 
has  already  been  stated,  the  site  of  this  bone  section  vdW  be  in  the  body  of  the 
bone  in  front  of  the  masseter,  as  has  been  suggested  by  Esmarch  (a,  Fig.  216) ; 
or  the  wedge  may  be  made  to  include  the  angle  of  the  jaw,  as  has  been  suggested 
by  Swain;  or  the  site  of  section  may  be  selected  even  higher  up. 

After  such  an  operation  the  very  greatest  patience  and  persistence  will 
have  to  be  practised  by  both  surgeon  and  patient  in  keeping  up  systematic 
passive  and  active  motion  in  the  new  joint. 

Excision  of  the  Temporo-maxillary  Articulation. — This  operation 
will  be  demanded  in  those  cases  in  which  the  fixity  of  the  jaw  is  due  to  anky- 
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losis  of  this  joint.  A  careful  history  of  the  patient  should  be  taken  in  order 
to  determine  which  articulation  is  at  fault,  since  total  immobility  may  result 
from  ankylosis  in  only  one  of  the  two  joints.  The  patient  whose  photograph 
appears  in  Fig.  217  gave  no  history  whatever  of  trouble  in  either  articulation, 
and  could  remember  only  that  he  had  been  in  this  condition  since  childhood. 
The  ankylosis  seemed  double,  however,  and,  inasmuch  as  no  member  of  his 
family  was  present  to  give  an  accurate  history,  a  double  excision  was  deemed 
necessary.  Unfortunately,  the  fairly  normal  articulation  was  operated  upon 
first  and  only  a  very  slight  improvement  in  motion  was  thereby  secured.  Free 
motion  was  obtained  only  after  a  firm  bony  ankylosis  had  been  liberated  on 
the  opposite  side.  The  patient's  mother  came  to  visit  him  after  the  opera- 
tion, and,  after  rather  rigid  questioning,  she  remembered  that  the  ankylosed 
side  had  been  much  swollen  and  very  painful  and  that  pus  had  been  discharged 
from  the  ear  after  an  attack  of  scarlet  fever  when  he  was  seven  years  old. 

The  details  of  the  operation  may  be  described  as  follows:  The  articulation 
is  exposed  by  a  transverse  incision  made  along  the  lower  border  of  the  zygo- 
matic arch  and  by  a  second  vertical  incision.  The  transverse  incision  is  very 
carefully  extended  down  to  the  border  of  the  bone,  but  the  vertical  incision 
is  made  through  the  skin  alone.  The  soft  tissues,  including  the  parotid  gland 
and  facial  nerve,  are  now  drawn  downward,  and  the  articulation  is  exposed 
by  blunt  dissection.  The  neck  of  the  bone  is  then  divided  with  a  chisel  (Fig. 
216),  and  the  condyle  is  either  displaced  with  a  periosteal  elevator,  or,  in  the 
case  of  a  bony  ankylosis,  it  is  removed  with  a  gouge.  After  a  sufficient  amount 
of  bone  has  been  removed  to  give  entire  freedom  of  motion,  Helferich  advises 
the  careful  introduction  and  suturing  of  a  flap  of  the  temporal  muscle  between 
the  glenoid  cavity  and  the  cut  end  of  the  bone.  Kusnagow  uses  a  flap  from  the 
masseter.  Murphy  advocated  the  use  of  the  temporal  fascia  or  a  flap  composed 
partly  of  fascia  and  partly  of  muscle. 

The  after-treatment  of  cases  of  this  sort  does  not  differ  from  that  already 
described. 

Resection  of  the  head  of  the  bone  for  unreduced  dislocation  should  be  con- 
ducted in  a  manner  entirely  similar  to  that  described  for  ankylosis. 

Excision  of  the  Shoulder  Joint. — The  anatomical  arrangement  of  the  shoulder 
girdle  provides  for  a  range  and  character  of  motion  which  are  not  found  else- 
where in  the  body.  The  supplementary  motion  given  to  the  shoulder  by  the  free 
mobility  of  the  scapula  aids  so  materially  in  counteracting  limitations  of  motion 
or  even  ankylosis  of  the  shoulder  joint,  that  conservative  operative  treatment 
of  suppurative  arthritis  will  usually  give  results  superior  to  those  obtained  by 
excision;  and,  as  a  matter  of  fact,  excision  of  this  joint  is  rarely  done.  A 
second  reason  for  the  infrequent  performance  of  excision  of  the  shoulder  is  the 
fact  that  tuberculosis  of  this  joint  is  rare. 

Inasmuch  as  excellent  supplementary  motion  can  thus  be  gained  in  a  dam- 
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aged  joint,  the  demands  up)on  the  operation  of  excision  become  very  exacting; 
it  must  give  assurance  that  by  means  of  it  something  more  than  fair  motion 
will  be  secured.  In  the  anatomical  arrangement,  abduction,  adduction,  flexion, 
extension,  and  rotation,  or  combinations  of  these  movements,  are  pro%'ided  by 
muscles  many  of  wWch  have  their  points  of  insertion  in  the  immediate  region 
of  the  joint.  This,  together  with  the  fact  that  resection  of  the  shoulder  usu- 
ally necessitates  a  division  of  the  bone  in  the  surgical  neck  and  a  detachment 
of  all  muscle  insertions,  presents  plainly  the  difficulty  that  will  be  encoimtered 


Fig.  218. — Right  Shoulder  Joint  as  seen  from  in  Front  after  Removal  of  the  Skin  and  Subcu- 
taneous Tissues.  (After  Spalteholz.)  a,  Subscapular  muscle  (cut  off  near  its  insertion);  6,  coraco- 
humeral  ligament ;  c,  coracoid  process ;  d,  superior  transverse  scapular  ligament ;  e,  scapula ;  h,  joint 
capsule;   x,  long  head  of  biceps  muscle  (tendon  cut  through);   y,  humerus. 

in  obtaining  great  range  of  motion  after  excision.  (Fig.  218.)  Such  an  opera- 
tion will  mean,  for  instance,  a  division  of  the  connections  of  the  supraspma- 
tus,  the  teres  minor,  and  the  subscapularis ;  and  the  movements  of  rotation, 
which  are  dependent  upon  these  muscles,  wiU  be  permanently  lost.  A  sub- 
periosteal resection  will,  it  is  true,  reduce  greatly  this  loss  of  motion;  and,  in 
many  instances,  regeneration  will  take  place  to  a  degree  that  will  restore  almost 
normal  rotation;  nevertheless,  such  a  complete  result  must  not  be  confidently 
expected.    The  same  is  to  be  said  regarding  diATsion  of  the  deltoid. 

The  nutrition  of  the  muscles  of  the  shoulder  also  enters  largely  into  the 
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decision  to  operate.  The  operation  is  most  frequently  demanded  in  condi- 
tions that  have  imposed  continued  disuse  upon  the  muscles  and  therefore 
varying  degrees  of  degeneration.  Sometimes  almost  total  degeneration  will 
have  occurred.  Under  such  conditions  an  excision  cannot  be  expected  to  im- 
prove motion  greatly,  and  should  not  be  done.  A  preliminary  course  of  elec- 
trical treatment  and  massage  may  therefore  be  necessary  before  one  decides 
upon  the  propriety  of  an  excision.  These  points  may  be  summarized  by  say- 
ing that  when  the  muscles  are  in  good  condition  we  may  hope  to  gain  abduc- 
tion to  the  horizontal  and  rotation  to  a  moderate,  or  even  extensive,  degree; 


Fig.  219. — Right  Shoulder  Joint  as  Seen  in  Frontal  Section.  (After  Spalteholz.)  a,  Coracoid 
process;  b,  joint  capsule;  c,  long  head  of  biceps  muscle;  d,  sheath  of  biceps  tendon;  e,  epiphyseal 
junction;  p,  superior  transverse  scapular  ligament;  t,  spine  of  scapula  (sawed  off  at  its  origin); 
X,  glenoid  cavity;  y,  capsule  of  joint;  z,  humerus. 


while  the  movements  in  the  antero-posterior  position,  that  are  so  important 
in  guiding  the  hand  in  its  complicated  motions,  are  practically  unimpaired. 
The  preservation  of  even  this  range  of  motion  will  depend,  however,  upon 
accurate  preservation  of  certain  anatomical  structures  and  upon  an  aseptic 
result.     (Fig.  219.) 

Reference  has  already  been  made  to  the  importance  of  bearing  carefully  in 
mind  the  location  of  the  attachments  of  the  muscles.  The  close  relationship 
of  the  important  vessels  and  nerves  to  the  head  of  the  bone,  particularly  under 
pathological  conditions,  constitutes  one  of  the  great  dangers  of  the  operation. 
In  long-standing  cases  of  dislocation,  or  of  fracture  dislocation,  altered  ana- 
tomical relationship  will  complicate  the  operation  seriously.    The  circumflex 
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Bcrve  and  posterior  circumflex  vessels  pass  around  the  surgical  neck  in  such 
close  relationship  to  the  bone  that  these  structures  have  a  special  miportance. 
The  bicipital  groove  is  an  important  landmark  and  always  looks  forward  in  the 
normal  arm.     (Fig.  218.^ 

Indications  for  the  Operation. — (1)  Tuberculosis  rarely  involves  the 
shoulder  joint  and  it  most  frequently  occurs  in  the  form  of  caries  sicca.  This 
condition  will  therefore  call  foi*  excision  only  in  those  few  cases  in  which  pain 
and  functional  disturbance  persist,  in  spite  of  conservative  treatment,  and  in 
which  suppuration  develops. 

(2)  Suppurative  arthritis  will  yield,  as  a  rule,  to  incisions  and  free  drain- 
age, and,  as  has  already  been  stated,  a  resulting  limitation  of  motion  or  even 
a  partial  ankylosis  will  usually  leave  a  function  which  equals  that  to  be  ex- 
pected after  excision.  In  cases  of  disorganization  of  the  joint,  however,  after 
rheumatism,  gonorrhoea,  suppurative  osteitis,  suppurative  epiphysitis,  and 
secondary  infection,  from  a  suppurative  deltoid  bursitis,  excision  becomes 
necessary. 

(3)  Ankylosis  developing  after  any  one  of  the  above-mentioned  forms  of 
arthritis  will  be  subject  to  the  same  reasoning  that  has  already  been  applied. 
If  excision  cannot  give  definite  promise  of  improved  motion,  or  if  the  muscles 
show  a  degeneration  that  does  not  yield  to  appropriate  treatment,  the  opera- 
tion will  be  contra-indicated. 

(4)  Gunshot  injuries  do  not  often,  at  the  present  day,  furnish  an  inchcation 
for  typical  excision.  Even  moderate  splintering  of  the  bones  entering  into  the 
formation  of  the  joint  will  yield  to  an  atypical  operation  which  removes  loose 
fragments  and  pro^^des  aseptic  drainage,  ^^^len  suppuration  supervenes  and 
when  extensive  comminution  of  the  head  of  the  humerus  is  present,  a  tj^ical 
resection  becomes  necessarj'. 

(5)  Compound  fractures  and  compound  dislocations  will  be  treated  accord- 
ing to  the  same  principles  that  have  been  set  forth  for  the  treatment  of  gun- 
shot wounds. 

(6)  In  imreduced  dislocation  of  the  head  of  the  humerus,  Souchon,  as  quoted 
by  Jacobson,  concludes  "that  reduction  should  be  done  only  in  cases  where  the 
head  of  the  humerus  and  the  glenoid  cavity  are  in  good  condition ;  when  no  ex- 
tensive dissections  have  to  be  made ;  when  it  is  easily  effected  without  great  effort ; 
when  the  head  does  not  need  to  be  trimmed,  or  the  cup  to  be  too  deeply  scooped 
or  enlarged;  when  the  head  readily  remains  in  place,  but  not  too  tight Ij' — all 
this  regardless  of  the  time  or  standing  of  the  dislocation.  It  should,  however, 
always  be  attempted  conscientiously,  because  many  operators  have  resected,  per- 
haps, when  the  dislocation  could  have  been  reduced.  Disregard  of  these  rules  may 
result  in  necrosis  of  the  head,  in  recurrence  of  the  dislocation,  or  in  ankylosis,  \^^th 
their  ine\dtable  consequences.  Resection  should  be  practised  in  all  other  cases. 
When  in  douot,  it  is  better  to  resect.     How  much  to  resect — i.e.,  when  to  saw 
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through  the  anatomical  neck  or  obliquely  and  downward  outside  the  tuberosity, 
or  horizontally  on  a  level  with  the  lower  margin  of  the  head — must  be  deter- 
mined in  each  case;  it  is  better  to  remove  too  much  than  too  little.  Of  course, 
all  efforts  should  be  made  to  secure  aseptic  results.  A  most  important  point 
is  to  get  primary  union." 

(7)  Recurrent  dislocation  of  the  shoulder  has  been  very  successfully  treated 


Fig.  220. — Excision  of  the  Head  of  the  Humerus  by  the  Anterior  Oblique  Incision.  Called,  by 
Esmarch,  OlUer's  method.  (After  Kocher.)  a,  Cut  surface  of  anterior  fibres  of  deltoid;  h,  deltoid; 
c,  pectoraUs  minor;  d,  coraco-brachialis  and  biceps  (short  head);  e,  humerus;  /,  long  head  of  biceps; 
h,  tendon  of  pectoralis  major  (clavicular  portion) ;  ;,  cephalic  vein  (drawn  inward). 


by  partial  excision  and  suture  of  the  capsule.     An  excellent  operation  has 
been  suggested  by  Burrell  and  Lovett. 

(8)  Excision  may  be  performed  for  tumors  of  the  head  of  the  humerus. 
Many  cases  of  successful  excision  for  osteochondroma  have  been  reported. 
Stimson  has  reported  a  very  successful  case  and  expresses  the  opinion  that  the 
operation  is  a  very  desirable  one  to  be  used  in  all  tumors  where  the  dangers  of 
recurrence  are  not  great.  Encapsulated  myeloid  sarcoma  may  also  be  treated 
by  excision,  but  sarcoma  of  the  upper  end  of  the  humerus  is  usually  of  the 
more  malignant  variety. 
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The  Operation. — The  operation  of  excision  of  the  shoulder  joint  may  be 
done  by  anterior  incision,  posterior  incision,  inferior  incision,  and  by  a  deltoid  flap. 

The  operation  by  anterior  incision  is  so  generally  recommended  as  the  in- 
cision of  choice  for  a  majority  of  the  lesions  requiring  operation,  that  this  route 
will  be  described  in  detail. 

Place  the  oatient  upon  the  back  with  the  shoulders  elevated  by  a  sand 


Fig.  221. — Excision  of  tlie  Head  of  the  Humerus  by  the  Anterior  Incision:  Second  Stage.  The 
biceps  tendon  is  lifted  out  of  its  sheath  and  the  joint  is  opened.  (After  Kocher.)  a,  Tendon  of  short 
head  of  biceps  and  coraco-brachialis ;  b.  clavicle:  c,  coracoid  process;  d,  head  of  humerus;  e,  place 
of  separation  of  capsule  from  anatomical  neck:  /,  sheath  of  biceps  tendon;  p,  tendon  of  biceps;  x, 
deltoid  muscle;  y,  tendon  of  pectoralis  major;  z,  cephalic  veins. 

bag,  and  make  an  incision  three  and  one-half  inches  long  from  the  base  of 
the  coracoid  process,  and  on  a  level  with  it,  dowiiward  in  the  line  of  the 
bicipital  groove.  (Fig.  220.)  The  course  of  the  cephalic  vein  will  serve 
as  a  guide  to  the  line  of  division  between  the  fibres  of  the  deltoid  and 
the  pectoralis  major,  and  these  muscles  are  to  be  widely  retracted.  The 
bicipital  groove  and  the  capsule  of  the  joint  will  now  be  fully  exposed.  The 
joint  is  next  opened  by  a  longitudinal  incision,  made  on  the  outer  side  of  the 
groove,  and  this  incision  at  the  same  time  liberates  the  tendon  of  the  biceps. 
(Fig.  221.)    The  head  of  the  bone  is  now  examined  wdth  the  finger,  and  the 
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periosteum  is  divided  down  to  the  point  of  the  proposed  saw  Hne.  Elevate 
the  periosteum  outward  with  a  sharply  curved  raspatory,  while  an  assistant 
rotates  the  head  firmly  inward.  When  the  greater  tuberosity  is  encountered, 
its  attached  tendons  are  divided,  or  a  superficial  scale  of  bone  is  chiselled  away. 
The  arm  is  then  forcibly  rotated  outward,  and  the  lesser  tuberosity  is  treated 
in  the  same  manner  as  the  greater.  The  head  of  the  bone  is  now  ready  for  ex- 
cision, either  in  situ  or  after  it  has  been  elevated  out  of  the  wound.  If  the  latter 
course  is  decided  upon,  the  head  is  thrust  out  through  the  upper  part  of  the 
wound  (after  the  soft  parts  have  been  carefully  retracted),  by  pushing  the  elbow 
upward  and  backward.  (Fig.  222.)  The  bone  is  then  sawed  off  at  the  desired 
point.  When  it  is  deemed  more  desirable  to  excise  in  situ,  a  Gigli-Haertel  saw 
is  passed  around  the  bone;  a  flat  retractor  is  so  placed  as  to  protect  the  soft 
tissues;  the  head  of  the  bone  is  seized  with  a  Hon- jaw  forceps;  and  the  neck 
is  rapidly  sawed  off.  When  it  is  impossible  to  use  the  saw,  the  head  may  be 
chiselled  out.  It  is  very  much  better  to  resect  without  displacing  the  head, 
since  this  cannot  be  done  without  tearing  away  the  periosteum  to  an  entirely 
unnecessary  degree.  After  the  head  has  been  removed,  a  careful  dissection  of 
the  joint  should  be  made  in  cases  of  disease;  foci  of  disease  in  the  glenoid  should 
be  carefully  dissected  off  and  the  joint  closed,  with  proper  provision  for  drain- 
age. During  the  dissection  the  arm  should  be  slightly  abducted  and  flexed, 
in  order  to  relax  the  capsule  of  the  joint  fully.  Whenever  conditions  will 
permit,  a  flap  of  fat-bearing  fascia  should  be  interposed  between  the  bone  sur- 
faces in  order  to  secure  a  new  joint  at  the  site  of  the  former  articulation. 

The  site  of  bone  section  will  determine  in  large  degree  the  future  stability 
of  the  joint.  A  section  of  bone  at  the  anatomical  neck,  or  a  partial  resection 
of  the  head,  will  undoubtedly  give  a  much  better  result  than  a  section  at  the 
surgical  neck;  for  this  necessitates  complete  separation  of  the  capsule,  detach- 
ment of  the  muscle  insertions,  serious  interference  with  the  triceps  tendon, 
and  a  considerable  shortening  of  the  humerus.  This  fact,  therefore,  calls  for 
the  utmost  conservatism  when  dealing  with  the  bone.  Only  just  enough  bone 
should  be  removed  to  permit  of  perfectly  free  mobility.  Oftentimes  a  limited 
bone  section,  supplemented  by  careful  gouging  out  of  diseased  foci,  both  in 
the  head  of  the  bone  and  in  the  glenoid  cavity,  will  give  almost  perfect  mo- 
bility in  the  joint.  In  children  it  becomes  a  matter  of  great  importance  to 
preserve  the  epiphyseal  line;  since  the  growth  of  the  humerus  in  length  de- 
pends mainly  upon  the  upper  epiphysis.  When  a  division  of  the  bone  at  the 
surgical  neck  becomes  a  necessity,  the  subperiosteal  operation  should  invari- 
ably be  done  if  pathological  conditions  will  permit.  In  sarcoma  and  in  exten- 
sive tuberculous  disease  this  will  not  be  possible.  In  the  latter  disease,  merely 
segments  of  the  periosteum  may  be  left;  but,  when  even  this  can  be  done,  bone 
regeneration  is  sometimes  so  satisfactory  that  almost  a  perfect  result  can  be 
obtained.    This  fact  will  serve  as  one  more  argument  in  favor  of  preserving 
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every  fraction  of  an  inch  of  the  length  of  the  bone.  Unless  the  end  of  the 
humerus  can  be  brought  into  contact  with  the  glenoid  cavity  by  the  contrac- 
tion of  the  deltoid  muscle,  its  continued  action  will  not  give  satisfactory  ab- 
duction. Typical  resection  of  this  and  many  other  joints  is  certainly  very 
much  less  frequently  performed  than  formerly,  the  tendency  of  modem  sur- 
gery being  to  preserve  all  bony  tissue  that  is  not  definitely  diseased  and  that 
can  be  utilized. 

WTien  the  operation  is  done  for  ankylosis,  the  chisel  and  gouge  must  of 


Fig.  222. — Resection    of   Shoulder   Joint.     (After  Kocher.)     Instruments    in    position    for    removal 

of  the  head  of  the  humerus. 


necessity  be  used.  In  this  operation  enough  bone  should  be  removed  to  per- 
mit of  very  easy  motion  in  all  directions ;  the  upper  end  of  the  humerus  should 
be  rounded  off;  the  glenoid  cavity  should  be  gouged  out  to  resemble  the  nor- 
mal structure ;  and  a  flap  of  fat-bearing  fascia  should  be  interposed.  A  special, 
rather  extensive  skin  incision  will  be  required  to  procure  the  necessary  flap  of 
fascia. 

After  the  operation  of  excision  has  been  completed,  the  wound  is  sutured 
and  a  cigarette  or  rubber  tube  drain  left  in  for  a  few  days.  The  arm  is  im- 
mobilized, as  in  fracture  of  the  upper  end  of  the  humerus,  by  an  axillary  wedge 
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and  a  plaster-of-Paris  shoulder  cap  wdth  extensions  to  the  elbow.  The  hand 
and  the  forearm  are  supported  by  a  sling.  Active  motion  is  encouraged  in 
the  fingers  and  passive  motion  used  in  the  elbow  from  the  first.  The  time 
when  motion  may  be  made  in  the  shoulder  will  depend  largely  upon  the  nature 
of  the  lesion  for  which  the  operation  has  been  performed ;  but,  as  a  rule,  it  will 
not  be  advisable  to  permit  motion  sooner  than  two  weeks  after  the  operation, 
when  healing  will  have  been  fairly  established.  The  nature  and  the  persist- 
ence of  the  after-treatment  will  largely  determine  the  result.  Massage,  elec- 
tricity, and  active  and  passive  movements  should  be  religiously  practised  for 
a  long  time,  and  every  effort  should  be  made  to  develop  those  muscles 
which  act  upon  the  humerus  independently  of  the  scapula.  Abduction  is 
most  difficult  to  regain,  and  its  accomplishment  will  depend  in  some  degree, 
as  has  already  been  stated,  upon  the  amount  of  bone  removed.  Rotation  is, 
of  course,  preserved  when  the  tuberosities  are  left,  but  is  frequently  regained, 
even  after  atypical  resection.  It  is  much  more  likely  to  be  accompHshed  in  a 
typical  operation  when  the  subperiosteal  method  has  been  used.  Even  a  pass- 
ive loose  joint  may  be  made  very  useful. 

Senn  has  recommended  an  operation  which  avoids  injury  to  the  important 
structures  and  gives  excellent  exposure  of  the  joint.  The  skin  incision  is  semi- 
lunar in  form,  begins  over  the  coracoid  process,  passes  downward  in  a  gentle 
curve  to  the  middle  of  the  deltoid,  and  thence  upward  to  a  point  behind,  which 
is  directly  opposite  to  the  point  of  beginning.  This  cutaneous  flap  is  reflected 
upward,  then  the  acromion  is  sawed  across  and  reflected  downward,  together 
with  its  attached  fibres.  This  gives  an  excellent  view  of  the  joint  for  erasion 
or  excision.  The  wound  is  closed  by  suturing  the  acromion  back  in  place  and 
by  replacing  the  skin  flap.  Drainage  may  be  placed  at  the  most  dependent 
portion  of  the  skin  incision  by  forcing  a  tube  through  the  deltoid  muscle  at 
this  point. 

Kocher  operates  by  a  posterior  incision,  which  is  commenced  over  the  acro- 
mio-clavicular  articulation,  extends  along,  then  across  the  acromion,  at  a  point 
corresponding  to  its  base,  and  is  continued  downward  in  a  curved  direction 
to  the  posterior  fold  of  the  axillary  space.  The  corresponding  insertion  of  the 
trapezium  is  divided,  and  the  acromion  process  is  chiselled  off  near  its  base. 
This  detached  fragment  with  the  attached  deltoid  is  then  pushed  outward  over 
the  head  of  the  humerus,  thus  exposing  the  upper  and  posterior  aspect  of  the 
joint  and  the  tendon  insertions.  With  ordinary  care,  the  circumflex  ntrve  and 
vessels  will  not  be  injured  in  this  operation;  but  the  chief  advantages  claimed 
for  it  are  free  accessibility  to  the  cavity,  particularly  when  the  posterior  part 
of  the  joint  is  involved,  and  the  preservation  of  the  anterior  part  of  the  cap- 
sule, together  with  the  subscapularis. 

Resection  for  Unreduced  Dislocation. — The  indications  for  excision 
in  this  condition  have  been  briefly  given  on  page  395,  in  a  quotation  from 
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Souchon's  admirable  article  on  this  subject.  This  resume  of  indications  wdll 
lead  naturally  to  the  conclusion  that  fixed  rules  cannot  be  established  for  oper- 
ative treatment.  Each  case  will  present  operative  indications  and  operative 
difficulties  which  are  pecuUarly  its  own.  ^Mien  mild  manipulation  mider  an 
anaesthetic  fails  to  accomplish  a  reduction,  operative  measures  should  be  under- 
taken with  the  definite  idea  that  the  problem  is  to  be  worked  out  after  an  ex- 
ploratory incision  has  been  made.  TNTien  the  dislocation  is  recent,  the  operation 
should  be  done  preferably  before  inflammatory  changes  set  in,  or  it  may  be 
done  inmiediatcly  after  such  inflammation  has  subsided.  Reduction  may  be 
accomplished,  in  a  case  of  this  variety,  after  the  incision  has  been  carried  down 
to  the  joint,  without  opening  the  capsule;  or,  if  reduction  cannot  be  at  once 
accomplished,  the  cause  of  the  primary  irreducibility  will  be  at  once  apparent. 
Simultaneous  fracture  of  the  neck  of  the  humerus  or  of  the  tuberosities,  fract- 
ure of  the  acromion  or  of  the  glenoid  cavity,  or  a  liinderance  produced  by  in- 
terposition of  the  capsule  or  a  muscle  may  be  the  cause  of  such  irreducibility. 
^Mien  the  case  is  of  long  standing,  serious  obstacles  to  reduction  by  any  method 
will  arise,  as  a  result  of  scar  fonnation  (invoMng  perhaps  the  axillary  vessels), 
of  muscle  contraction,  or  of  some  change  in  the  articulating  surfaces. 

The  anterior  incision,  which  has  already  been  described,  is,  perhaps,  the 
most  generalh"  useful  for  cases  of  this  variety.  \Mien  excision  becomes  neces- 
sary, the  site  of  diAision  of  the  bone  should  again  be  decided  for  the  particular 
case  in  hand,  it  being  always  remembered  that  the  resection  of  bone  must  be 
as  limited  as  possible.  A  di\'ision  through  the  anatomical  neck,  an  obhque  di- 
vision do^\Tiward  and  inward  outside  the  tuberosity,  or  a  transverse  division 
on  a  level  with  the  lower  margin  of  the  head  may  be  chosen.  The  object 
should  be  to  give  a  primary  free  mobihty.  It  is  better  to  remove  too  much 
than  too  little.  Everj^  eff"ort  should  be  directed  to  an  aseptic  result,  very  com- 
plete haemostasis  should  be  secured,  and  the  wound  should  be  closed  without 
drainage.  The  same  early  and  persistent  attention  should  be  given  to  mas- 
sage, passive  motion,  electricitj',  and  gymnastics  that  has  been  advocated  after 
resection  for  other  causes. 

In  dislocation  associated  \s-ith  fracture  of  the  surgical  neck,  reduction  may 
be  accomplished  by  incision  and  digital  manipulation,  aided  by  the  leverage 
obtainable  by  the  ^IcBumey  hook,  or  excision  of  the  head  may  be  necessar\'. 
^^^len  the  fracture  occurs  at  the  anatomical  neck,  with  intracapsular  displace- 
ment, the  only  rational  treatment  is  excision;  whereas  in  fracture  of  the  surgi- 
cal neck  excision  rarely  becomes  necessary. 

Excision  of  the  Clavicle. — Excision  of  the  cla\'icle  may  be  required  for  the 
removal  of  either  end  of  the  bone,  or  the  entire  bone  may  require  removal  for 
a  tumor  or  for  necrosis.  With  ordinary  care,  this  operation  is  neither  difficult 
nor  dangerous  when  done  subperiosteally;  yet  it  becomes  a  formidable  pro- 
cedure when  the  bone  and  periosteum  must  be  removed  for  the  eradication  of 
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a  malignant  tumor.  The  difficulties  encountered  will  be  entirely  anatomical. 
There  are  no  important  structures  in  definite  relationship  with  the  outer  third 
of  the  bone,  but  structures  of  very  great  importance  lie  very  close  to  the  pos- 
terior surface  of  its  inner  two-thirds.  The  dangers  of  injury  to  these  structures 
will  furthermore  be  very  greatly  enhanced  when  the  normal  relations  have 
been  changed  by  extensive  disease. 

Resection  of  the  Sterno-clavicular  Articulation. — This  operation 
will  sometimes  be  required  for  the  relief  of  disease.  The  joint  is  exposed  by 
an  incision  made  longitudinally  to  the  axis  of  the  clavicle,  the  periosteum  is 
separated  from  the  end  of  the  bone,  and  the  bone  is  lifted  out  with  a  periosteal 
elevator  and  sawed  off  with  a  Gigli  saw.  The  sternal  portion  of  the  articula- 
tion is  removed  with  a  chisel  or  gouge  from  above  forward  and  outward,  in 
order  to  avoid  possible  injury  to  the  jugulars.  The  clavicle  must  be  carefully 
held  in  place  during  healing;  and  if  there  seems  to  be  a  marked  tendency  to 
displacement,  the  bones  should  be  wired  together. 

Resection  of  the  acromial  joint  may  be  done  through  a  single  longitu- 
dinal or  a  crucial  incision.  The  same  method  should  be  employed  in  the  ex- 
cision of  the  joint  that  has  been  recommended  for  the  sternal  joint;  and  the 
after-treatment  is  practically  the  same. 

Resection  of  the  entire  clavicle  will  be  most  frequently  performed  for 
malignant  disease.  A  free  incision  should  be  made  along  the  entire  length  of 
the  bone,  and  every  preparation  should  be  made  for  prompt  action  in  case  of 
injury  to  the  large  veins  or  the  pleura.  The  dissection  should  be  carried  as 
far  as  possible  from  below  and  from  above;  then  the  acromio-clavicular  joint 
should  be  opened,  and  the  bone  lifted  strongly  forward  in  order  to  facilitate 
the  posterior  dissection.  The  attachments  of  the  muscles  and  ligaments  should 
be  divided  one  after  the  other  as  they  are  encountered,  and  thus  a  fair  freedom 
of  motion  will  be  obtained  by  the  time  the  sterno-clavicular  articulation  is 
reached.  It  is  important  to  remember,  throughout  the  dissection,  that  at- 
tachments may  have  been  formed  to  the  underlying  structures,  and  that  the 
traction  used  to  lift  out  the  clavicle  may  seriously  alter  the  normal  positions. 
It  is  very  easy  to  injure  either  a  vein  or  the  pleura  in  this  way.  If  a  small 
rent  should  occur  in  the  pleura  it  should  be  promptly  repaired  by  suture. 
Special  care  is  needed  in  disarticulating  the  sternal  end  of  the  bone. 

Resection  of  the  clavicle  for  necrosis  is  a  very  simple  operation,  since  it  is 
entirely  subperiosteal,  and  no  important  structures  are  endangered. 

Whenever  the  bony  continuity  of  the  clavicle  is  destroyed  by  either  partial 
or  total  resection,  the  after-treatment  should  be  conducted  with  the  patient 
lying  flat  on  the  back  and  resting  on  a  hard  mattress.  This  position  causes 
the  shoulder  to  pull  outward  and  to  rest  in  a  normal  position,  and  it  should  be 
maintained  until  the  wound  has  healed  sufficiently  to  prevent  serious  falling 
forward  and  inward  of  the  shoulder. 
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Excision  of  the  Scapula.— The  scapula  is  excised  because  it  is  the  seat  of 
a  tumor,  or  of  a  necrosis,  and  also  because  of  injuries  which  it  may  have 
received.  Total  or  partial  excision  may  be  required.  Total  excision  is 
required  for  the  removal  of  a  tumor,  while  the  partial  excision  of  the  spine, 
the  angles,  and  the  body  will  be  required  for  necrosis  or  for  injuiy.  The 
non-subperiosteal  excision  should  be  done  when  a  tumor  is  present,  while  the 
subperiosteal  must  be  strictly  followed  when  one  operates  for  other  con- 
ditions, because  of  the  importance  of  preserving  the  muscular  attachments. 


Fig.  223. — Excision  of  the  Scapula.     (Original.) 

The  scapula  does  not  stand  in  anatomical  relationship  to  any  structures  of 
vital  importance,  yet  the  operation  should  in  every  instance  be  conducted  in 
such  a  manner  that  it  will  preserve  the  muscular  attachments  of  the  bone  and 
if  possible  the  support  of  the  shoulder  through  the  medium  of  the  claA^cle. 
The  suprascapular  vessels  and  nerves  are  very  closely  related  to  the  upper 
border  of  the  bone  and  will  be  injured  imless  their  location  is  kept  in  mind. 

Excision  of  the  Entire  Scapula. — The  patient  should  be  placed  on  the 
sound  side,  and  the  arm  of  the  affected  side  should  be  placed  in  charge  of  an 
assistant.  A  transverse  incision  is  first  made  along  the  entire  length  of  the 
spine  of  the  scapula  (AB,  Fig.  223),  and  a  second  incision  is  made  along  the 
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posterior  border  of  the  bone  from  the  posterior  superior  to  the  inferior  angle 
(BE,  Fig.  223).  The  two  flaps  thus  formed  are  then  dissected  up  and  turned 
aside.  The  dissection  is  conducted  far  from  infected  tissue  when  the  opera- 
tion is  done  for  a  mahgnant  tumor,  or  the  flap  is  made  to  include  the  skin, 
muscle,  and  periosteum  when  the  operation  is  done  for  necrosis.  (Fig.  224.) 

If  the  acromion  is  to  be  preserved,  it  is  separated  from  the  body  of  the  scap- 
ula by  chiselling;  if  not,  the  acromio-clavicular  articulation  is  opened,  the  at- 
tachments of  the  deltoid  and  the  trapezius  are  lifted  by  the  fingers  and  divided. 


Fig.  224. — Excision  of  the  Scapula.     (Original.) 

and  the  posterior  surface  of  the  shoulder  joint  is  exposed.  If  the  operation  is 
done  for  sarcoma,  the  rotator  muscle  should  be  elevated  and  removed  from  the 
tuberosities.  The  capsule  of  the  joint  is  then  divided,  and  the  scapula  is  re- 
moved by  dividing  those  structures  which  are  attached  to  it.  The  amount  of 
soft  tissue  removed  with  the  scapula  and  tumor  growth  will  depend  entirely 
upon  the  nature  and  extent  of  this  growth.  It  is  better  to  commit  the  error 
of  removing  too  much  tissue  than  too  little.  If  the  glenoid  angle  of  the  scap- 
ula is  to  be  preserved,  it  is  sawed  off,  and  the  shoulder  joint  is  not  disturbed. 
After  the  dissection  has  been  completed,  all  bleeding  points  are  carefully  se- 
cured and  ligated,  great  care  is  taken  to  anchor  the  divided  muscular  attach- 
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ments  and  fascia  with  catgut  sutures,  and  the  wound  is  closed  with  dependent 
drainage.  The  dressing  should  be  voluminous  and  should  be  applied  in  such 
way  as  to  afford  efficient  support  to  the  shoulder  during  heaUng. 

Partial  Excision  of  the  Scapula. — This  operation  will  usually  be  accom- 
pUshed  through  an  atypical  excision  which  is  designed  to  meet  the  special 
indications  of  the  inchvidual  case,  ^^^lenever  it  is  possible,  these  incisions 
should  be  planned  in  such  a  way  that  the  muscles  may  be  separated  at  their 
point  of  attachment  and  not  divided.  The  angles  of  the  scapula  will  be  re- 
moved by  a  V-shaped  incision,  the  two  Umbs  of  which  follow  the  border  of 
the  bone.  The  acromion  process  and  the  spine  of  the  scapula  are  easily  re- 
moved by  a  straight  or  a  crucial  incision. 

Excision  of  the  Glenoid  Angle. — This  operation  is  performed  for  injur}', 
and  for  disease  hmited  to  this  portion  of  the  bone.  A  curved  incision  about 
four  inches  long,  which  is  carried  through  the  fibres  of  the  deltoid  and  exposes 
the  posterior  and  upper  surface  of  the  joint,  is  made  along  the  posterior  border 
of  the  acromion  process.  From  the  middle  of  this  incision  there  is  made  a 
second  incision,  which  extends  from  the  upper  margin  of  the  glenoid  cavity 
and  passes  downward  through  the  deltoid  and  also  through  the  capsule  as  far 
as  to  the  centre  of  the  tuberosities.  The  edges  of  the  wound  are  now  retracted, 
and  the  tendons  of  the  biceps  and  triceps  are  di\'ided  at  their  points  of  ori- 
gin. The  neck  of  the  scapula  is  exposed  subperiosteally  and  removed  with  a 
wire  saw.  The  site  of  this  bone  section  is  very  deep,  and  special  attention 
should  be  given  both  to  hemorrhage  and  to  the  protection  of  surrounding  tis- 
sues from  injury. 

In  all  excisions  of  the  scapula  particular  care  should  be  taken  to  place  the 
head  of  the  humerus  underneath  the  head  of  the  outer  end  of  the  cla^icle,  and 
the  capsule  should  be  sutured  to  the  under  surface  of  the  deltoid  muscle.  This 
gives  a  fixed  position  for  the  support  of  the  shoulder  after  any  one  of  the  scapu- 
lar operations.  The  shoulder  should  be  thoroughly  supported  by  efficient 
bandages  and  held  in  place  until  firm  fibrous  union  has  occurred. 

The  fimctional  result  is  remarkably  good  after  this  operation,  and  particu- 
larly good  when  the  deltoid  can  be  preserved  or  its  attachments  restored. 

Excision  of  the  Sternum. — Excision  of  the  sternum  is  an  at\^ical  opera- 
tion which  becomes  necessary  for  the  removal  of  necrosed  bone  or  a  tumor. 
Tuberculous  disease  and  typhoid  osteomyeUtis  furnish  the  most  frequent  in- 
dications for  the  operation.  Accortling  to  the  extent  of  the  disease  it  may  be 
necessary  to  remove  either  a  large  part  of  the  bone  or  only  a  very  small  sec- 
tion. Except  in  the  case  of  a  tumor  the  operation  should  be  strictly  subperios- 
teal, and  it  is  particularly  important  to  adhere  closely  to  the  bone  posteriorly 
in  order  to  avoid  opening  the  pleural  cavity.  The  operation  is  conducted 
through  a  straight  or  a  crucial  incision.  When  it  is  performed  for  necrosis  the 
periosteum  is  carefully  elevated  over  the  front  of  the  diseased  area,  and  then 
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the  bone  is  cautiously  cut  away  with  a  rongeur  or  a  chisel  until  the  posterior 
surface  is  reached.  The  excision  is  continued  by  carefully  separating  the 
periosteum  posteriorly  and  biting  off  small  portions  at  a  time  with  the  rongeur. 
This  method  of  following  up  the  disease  is  very  much  safer  than  if  an  attempt 
were  made  to  remove  the  entire  diseased  area  in  a  single  piece,  since  with  the 
latter  method  a  certain  amount  of  work  must  be  done  in  the  dark,  and  the 
pleura  may  be  injured.  In  quite  a  number  of  cases  the  ribs  will  be  found  to 
be  involved  at  the  same  time.  If  such  is  proved  to  be  the  case  this  biting  away 
of  diseased  bone  should  be  extended  laterally  until  solid,  healthy  bone  is  found. 
This  point  is  well  illustrated  by  the  case  of  typhoid  osteomyelitis  sho-^-n  in 
Fig.  225.  After  all  diseased  tissue  has  been  carefully  curetted  away,  the  skin 
and  periosteal  flaps  are  caused  to  dip  down  into  the  depression  by  carefully 


Fig.  225. — Excision  of  Portion  of  Sternum,  Portions  of  Two  Ribs  on  Right  Side  and  Three  Ribs  on 
Left  Side,  for  Typhoid  Osteomyelitis.  Photograph  taken  eleven  years  after  operation.  Osteomyelitis 
became  fully  developed  four  months  after  an  attack  of  typhoid  fever  in  a  man  thirty-one  years  of 
age.  Thorax  not  opened.  Wound  required  three  months  in  healing,  and  external  portion  of  wound 
was  finally  closed  by  skin-grafting.  Patient  has  been  in  perfect  health  since  healing  of  the  wound. 
(Original.) 

placed  gauze  packing  or  by  suture,  and  a  gauze  dressing  is  held  firmly  over  this 
packing  by  means  of  straps  of  adhesive  plaster. 

The  operation  is  usually  very  successful  and  is  not  attended  with  great 
danger. 

Resection  of  Ribs. — Resection  of  the  ribs  will  be  required  for  the  purpose 
of  exposing  and  treating  intrathoracic  conditions,  or  it  may  be  done  for  the 
removal  of  necrotic  bone.  Extensive  resection  of  the  ribs  for  old  empyema 
and  temporary  osteoplastic  resection  of  the  ribs  for  the  exposure  of  the  lung 
are  described  elsewhere  (Vol.  VII.)  and  need  not  be  considered  in  this  section. 

The  incision  used  for  resection  of  a  rib  is  made  parallel  to  the  long  axis  of 
the  bone  and  of  sufficient  length  to  meet  the  requirements  of  the  case.  This 
incision  is  carried  directly  down  to  the  bone,  and  the  periosteum  is  very  care- 
fully elevated  until  a  periosteal  elevator  can  be  passed  beneath  the  rib.     The 
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rib  is  then  diA-idecl  with  a  bone-cutting  forceps  (/,  Fig.  207).  The  cut  end  of 
the  bone  is  now  seized  and  lifted  out  of  the  wound  with  a  sequestrum  forceps 
(/,  Fig.  207),  and  the  remainder  of  the  subperiosteal  dissection  then  becomes 
very  easy.  When  the  desired  amount  of  bone  has  been  enucleated  from  the 
periosteum,  it  is  again  di\'ided  with  a  saw  or  forceps  and  removed.  The  peri- 
osteal groove  now  lies  at  the  bottom  of  the  entire  length  of  the  woimd.  If  the 
resection  has  been  done  to  facihtate  drainage  in  empyema,  an  incision  is  made 
into  the  pleural  caA-ity,  in  the  bottom  of  the  periosteal  groove.  If  the  resection 
has  been  done  for  the  removal  of  necrotic  bone,  the  wound  is  packed  with  gauze 
and  allowed  to  heal  by  granulation. 

^>ry  satisfactory  regeneration  of  bone  takes  place  after  such  an  operation 
and  the  results  are  usually  good. 

Excision  of  the  Elbow  Joint. — The  anatomical  arrangement  of  the  elbow 
joint  is  particularly  favorable  to  good  results  after  excision.  It  is  a  simple 
hinge  joint;  the  entire  extent  of  the  sjnoA^ial  membrane  can  be  readily  ex- 
posed by  incisions  that  do  not  seriously  damage  important  structures;  and 
the  joint  is  surrounded  by  powerful  muscles  whose  attachments  can  be  either 
preserved  or  restored.  A  further  argument  in  favor  of  the  more  frequent  ap- 
pUcation  of  the  measure,  in  diseases  or  injuries  of  this  joint,  is  found  in  the 
fact  that  ankylosis  in  good  position  after  such  an  operation,  even  though  un- 
desirable, ^ill  ne^■crtheless  give  a  ver}'  useful  and  powerful  arm,  because  of 
the  free  motion  in  the  shoulder  and  scapula. 

The  inchcations  for  the  operation  are:  (1)  Fungous  tuberculosis;  (2)  re- 
cent injur\';  (3)  old  injun,-  with  ankylosis;  (4)  suppurative  arthritis  which 
does  not  j^ield  to  rhainage;  (5)  old  cUslocations;  (6)  some  cases  of  epiphj-seal 
injury:  (7)  osteo-arthritis:  and  (8)  new  growths. 

Tuberculosis  vdM  undoubtedly  furnish  the  most  frequent  indication  for 
the  operation.  The  general  principles  involved  in  the  decision  to  operate  upon 
a  tuberculous  joint  are  discussed  on  page  435,  and  need  not  be  repeated. 
)»\Tien,  in  a  case  of  tuberculous  elbow,  the  recognized  non-operative  measures 
of  treatment  fail  to  promise  a  cure,  ^\ith  motion,  and  when  due  consideration 
has  been  given  to  the  general  principles  discussed  on  page  435,  no  time  should 
be  lost  in  recommending  excision,  von  Bergmann  beUeves  that,  "in  spite  of 
the  good  results  of  primary-  conser\'ative  methods,  there  is  no  doubt  that  a 
broad  field  hes  open  for  total  resection  in  the  case  of  tuberculosis  of  the  elbow, 
and  that  the  procedure  is  capable  of  gi^'ing  good  results."  He  then  quotes 
the  statistics  of  Kcenig  and  Kocher.  Koenig's  statistics  for  complete  resec- 
tion are  as  follows:  Complete  recover}^  54  per  cent;  incomplete  recover}-, 
8  per  cent:  deaths,  38  per  cent.  For  incomplete  resection  and  other  treatment 
the  results  are  as  follows:  Complete  recovery,  32  per  cent:  incomplete  recovery, 
8  per  cent;  deaths,  61  per  cent.  The  functional  results,  in  45  cases  of  com- 
plete resection  with  complete   recoverj'^,  showed:  60  per  cent  of  recoveries 
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with  more  or  less  motion  and  good  power;  33  per  cent  with  ankylosis  and 
satisfactory  power;  and  7  per  cent  with  loose  joints.  Kocher  reports  a  good 
working  arm  and  hand  for  even  hard  work  in  64  per  cent,  and  a  capacity  for 
only  light  work  in  36  per  cent.  Koenig's  statistics  show  somewhat  better  re- 
sults after  complete  than  after  incomplete  resection,  and  some  authors  state 
definitely  that  the  complete  operation  should  be  performed,  for  the  reason  that 
tuberculosis  of  the  bone  is  more  frequent  than  tuberculosis  of  the  synovial 
membrane,  and  that  the  bone  lesion  is  usually  multiple.  Yet  perhaps  a  ma- 
jority of  writers  are  to-day  agreed  that  partial  resection  is  always  to,  be  pre- 
ferred to  total  resection  in  cases  in  which  only  a  portion  of  the  joint  is  diseased. 
Erasion  also  has  a  definite  field  of  usefulness  in  the  purely  synovial  type  of  the 
disease.  The  author  has  operated  by  erasion,  in  one  case  of  this  variety,  and 
obtained  a  perfect  recovery,  full  range  of  motion,  and  a  capacity  to  do  full 
hard  labor  in  a  foundry.  This  case  has  now  been  under  observation  for  more 
than  two  years  since  the  operation.  No  fear  of  disseminating  tubercle  bacilli 
throughout  the  system  should  be  entertained,  since  this  accident  is  peculiarly 
infrequent  after  operations  upon  the  elbow. 

Primary  excision  for  injury  will  rarely  be  indicated,  except  in  a  limited 
number  of  cases  of  gunshot  wound  and  compound  fracture,  in  which  the  ar- 
ticular ends  of  the  bone  are  badly  shattered,  and  in  the  clearly  infected  cases 
of  ordinary  compound  fracture.  In  a  very  large  percentage  of  cases  of  com- 
pound fracture  of  this  joint  (and  of  other  joints),  particularly  when  the  bone 
fragments  are  not  detached  from  the  periosteum  and  soft  parts,  a  painstak- 
ing aseptic  and  antiseptic  technique  will  yield  very  remarkable  results  without 
a  resort  to  excision.  Thorough  sterilization  of  the  surrounding  skin,  copious 
flushing  of  the  wound  with  warm  salt  solution,  careful  replacement  of  the 
fragments  of  bone,  slight  primary  closure  of  the  external  wound  by  suture, 
drainage  of  the  joint  for  forty-eight  hours,  and  a  wet  dressing  of  acetate  of 
aluminum  are  measures  from  which  much  may  be  expected;  and  the  author 
believes  that  they  should  first  be  tried  in  all  such  injuries,  unless  their  serious- 
ness is  such  as  to  preclude  all  hope  from  the  start.  In  all  fractures  of  the 
lower  end  of  the  humerus  the  author  has  experienced  additional  satisfaction 
from  the  use  of  the  acutely  flexed  position.  Should  suppuration  develop  in 
a  joint  that  has  been  treated  in  this  conservative  way,  a  prompt  secondary 
partial,  or  total,  excision  should  be  done.  This  operation  should  be  per- 
formed either  very  promptly,  for  the  purpose  of  securing  drainage,  or  at 
a  later  stage,  after  the  active  inflammation  has  somewhat  subsided.  When 
excision  is  done,  either  primarily  or  secondarily,  the  operation  should 
partake  more  of  the  nature  of  a  trimming  of  sharp  angles  than  of  that 
of  a  typical  resection;  and  it  is  certainly  unnecessary  to  locate  the  saw  sec- 
tion above  the  upper  limit  of  a  longitudinal  fissure.  The  olecranon  process 
should  always  be  preserved,  if  possible,  as  a  safeguard  against  a  loose  joint. 
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T-  and  Y-fractures,  occurring  as  they  do  only  after  very  severe  and  usually 
compound  injuiies  of  the  elbow,  will  be  frequently  encountered  in  compound 
injuries  of  the  elbow.  Favorable  results  have  not  been  obtained  by  the  or- 
dinary methods  of  treatment  in  either  simple  or  compoimd  T-  and  Y-fract- 
ures, and  Kocher  has  suggested,  for  such  cases,  resection  of  one  or  both  con- 
dyles. The  results  were  not  good,  however,  since  the  operation  left  a  flail 
joint.  It  seems  to  the  writer  much  more  rational  either  to  replace  these  frag- 
ments by  the  aid  of  the  j-ray,  or,  failing  in  this,  to  nail  or  suture  the  fragments 
together.  Should  union  in  a  bad  position  result,  it  is  then  time  to  recommend 
such  operations  as  chiselUng  away  exuberant  callus  in  the  supratrochlear  fossse, 
the  making  of  a  wedge-shaped  resection  of  the  humerus,  or  other  plastic  opera- 
tion, in  order  to  increase  the  range  of  motion,  before  recommending  excision. 

Old  injuries  of  the  elbow  with  resulting  stiffness,  or  ^v-ith  ankylosis  at  a  use- 
l^s  angle,  \n)l  present  difficult  problems  in  treatment;  and,  in  so  far  as  this 
is  possible,  the  cause  of  the  limitation  in  motion  should  be  discovered  be- 
fore an  operative  plan  of  treatment  is  decided  upon.  A  careful  series  of  x-ray 
pictures  will  lend  valuable  aid  in  this  direction.  Forcible  movement  of  the 
joint  under  an  anaesthetic  will  rarely  accomphsh  much  imless  the  stiffness  is 
the  result  of  adhesions  which  have  developed  in  the  joint  from  the  organization 
of  fibrin.  Arthrotomy  for  the  di^'ision  of  adhesions  and  restricting  bands  may 
accomplish  a  great  deal  if  the  s^^lo^'ial  membrane  is  whoUy  or  partially  intact, 
but  it  can  accomplish  but  little  when  this  membrane  has  been  lost.  Partial  or 
total  excision  then  becomes  the  alternative;  and  the  result  from  either  of  these 
procedures  vdW  depend  upon  the  general  vitaUty  of  the  patient,  the  nutrition 
of  the  muscles,  and  the  nature  of  the  lesion  for  which  the  operation  is  per- 
formed. In  adults,  where  there  has  not  been  a  suppurative  inflammation; 
where  the  periosteum  has  not  been  stripped  up,  lea\4ng  bands  that  may  sub- 
sequently ossify;  and  where  the  cartilages  are  not  destroyed  and  the  muscles 
are  good,  a  resection  of  the  humerus  alone,  above  the  trochlea,  \N'ill  give  an 
excellent  result.  A  partial  resection  was  formerly  considered  to  be  undesir- 
able, indeed  contra-incUcated,  when  these  conditions  did  not  exist.  The  rea- 
soning has  of  late  been  very  greatly  mochfied,  however,  by  the  development 
of  the  operation  of  arthroplasty.  We  now  feel  that,  when  the  humerus  has 
been  resected  to  a  degree  sufficient  to  give  a  movement  so  free  that  the  hand 
can  be  carried  to  the  shoulder  of  the  same  side  and  behind  to  the  scapula  of 
the  opposite  side  without  locking,  a  satisfactory  result  will  be  assured  by 
transplanting  a  flap  of  fat-bearing  fascia  over  the  end  of  the  di\ided  humerus. 
This  measure  favors  the  development  of  a  useful  joint,  and  the  preservation  of 
the  olecranon  with  its  sigmoid  ca\'ity  becomes  a  potent  factor  in  gi^'ing  sta- 
bility to  the  new  joint.  This  operation  has  therefore  improved  the  treatment 
of  ankylosis  and  seems  particularly  adapted  to  the  elbow  joint.  The  great  im- 
portance of  this  procedure  depends  upon  the  fact  that  partial  resection  may 
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be  done  in  ankylosis  and  in  injury.  In  both  of  these  conditions  partial  resec- 
tion has  formerly  been  followed,  in  many  instances,  by  ankylosis;  and  an 
excess  of  resection,  by  a  loose  joint.  The  difficulty  experienced  in  the  partial 
operation  was  that  the  bony  surfaces  became  reunited;  and,  in  the  over-com- 
plete operation,  there  followed  a  long  flexible  fibrous  union,  which  could  not 
give  stability.  In  the  arthroplastic  operation  it  is  possible  to  leave  the  rounded- 
off  end  of  the  humerus  in  loose  contact  with  a  normal  or  constricted  sigmoid 
cavity,  without  fear  of  bony  union ;  and  the  great  advantages  that  result  from 
stability  of  the  joint  are  at  once  apparent. 

Unreduced  backward  dislocation  of  the  elbow  will  usually  require  opera- 


FiG.  226. — The  Ligaments  of  the  Elbow.  (After  Spalteholz.)  a,  Humerus;  b,  tendons  of  bi- 
ceps muscle  (cut  through);  c,  oblique  ligament;  d,  radius;  e,  interosseous  membrane  of  forearm.; 
h,  ulna;  I,  lateral  ligaments. 


tive  relief  after  the  lapse  of  three  or  four  weeks,  because  of  shrinking  and 
cicatrization  of  the  soft  parts.  Several  methods  of  operating  have  been  sug- 
gested. Trendelenburg  and  Voelker  advise  a  transverse  section  of  the  olecra- 
non at  its  base  with  a  sharp  chisel;  replacement  of  the  bones  of  the  forearm; 
and  reunion  of  the  separated  portions  of  the  olecranon  with  wire  sutures,  von 
Bruns  recommends  a  partial  resection  of  the  joint  by  two  lateral  incisions.  He 
resects  one  and  one-half  or  two  inches  of  the  lower  end  of  the  humerus.  This 
operation  is  rendered  rather  difficult  by  adhesions  and  by  cicatrization  of  the  soft 
parts;  yet  it  seems  to  be  the  most  rational  procedure  in  those  cases  which,  are 
not  suited  to  the  von  Eiselberg  operation.  The  operation  should  not  be  done  in 
children,  since  it  involves  a  removal  of  the  epiphyseal  line.     In  adults  the  field 
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of  application  of  the  operation  has  been  materially  broadened  by  the  arthro- 
plastic  methods  already  described,  von  Eiselberg  believes  that  the  irreduci- 
bUity  depends  wholly  upon  cicatricial  bands,  interposed  soft  parts,  and  adhe- 
sions; and  he  has  reported  excellent  results  from  arthrectomy  which  removes 
all  such  obstacles  to  reduction  and  restores  a  normal  joint.  Two  lateral  inci- 
sions are  made,  and  the  ends  of  the  bone  are 
carefully  freed  of  all  bands  and  adhesions,  be- 
fore the  reduction  is  made.  This  operation 
should  certainly  be  attempted  in  ever}'  case; 
and,  when  it  is  found  impracticable,  partial 
resection,  as  reconamended  by  von  Bnms  and 
supplemented  by  an  arthroplastic  flap  of 
fascia,  should  be  employed. 

Epiphyseal  injury,  although  of  rather  in- 
frequent occurrence,  may  require  operative 
treatment.  The  author  has  always  been  able 
to  reduce  the  deformity  in  cases  of  this  sort 
and  retain  the  fragment  in  place  bj^  utihzing 
the  position  of  acute  flexion  of  the  elbow ;  but 
many  cases  are  on  record  which  have  de- 
manded operative  replacement  or  excision  of 
the  displaced  epiphjsis. 

Anatomical  Considerations. — ^Miile  no 
part  of  the  anatomy  of  the  elbow  joint  (Fig. 
226)  may  be  disregarded  in  performing  an  exci- 
sion, particular  attention  should  be  directed  to 
the  following  points:  (1)  The  elbow  is  a  hinge 
joint,  and  the  muscles  are  arranged  for  the  pro- 
duction of  the  movements  which  belong  to  a 
joint  of  this  variety.  This  fact  renders  neces- 
sary the  preservation  of  the  olecranon  process, 
or  a  portion  of  it,  whenever  it  is  free  from 
dbease.  (2)  The  periosteum  of  the  bone  is 
not  arranged  in  a  way  to  give  material  aid, 
if  preserved;  and  therefore  very  Uttle  atten- 
tion need  be  paid  to  its  preservation,  except  at  the  sites  of  muscular  attach- 
ment. If  the  periosteum  is  preserved  at  the  outer  and  inner  sides,  a  suffi- 
cient lateral  stability  will  be  secured.  (3)  The  olecranon,  coronoid  process, 
and  tubercle  of  the  radius  should  be  preser^-ed,,  when  possible,  because  of 
their  muscular  attachments.  (4)  The  ulnar  ner^-e  should  be  carefuUy 
guarded  against  both  division  and  pressure  during  the  dissection  of  the  inner 
condj'le.     (5)  The  functional  value  of  the  supinator  brevis  muscle  and  the  fact 


Fig.  227.  —  Longitudinal  Section 
through  the  Normal  Elbow  Joint,  Show- 
ing the  Expansion  of  the  SjTiox-ial 
Membrane.  (After  Spalteholz.)  a. 
Humerus;  h,  olecranon  fossa;  c,  joint 
capsule;  d,  olecranon;  e,  epiphyseal 
junction;  /,  ulna;  t,  oblique  ligament; 
s,  radius;  p,  coronoid  process  of  ulna; 
o,  trochlea  of  humerus;  /,  epiphyseal 
junction;  h,  coronoid  fossa. 
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that  the  posterior  interosseous  nerve  passes  through  the  muscle  should  be  con- 
stantly kept  in  mind  during  the  excision  of  the  head  of  the  radius. 

The  Operation. — Of  the  many  incisions  that  have  been  described  for  ex- 
cision of  the  elbow,  the  posterior  longitudinal  incision  of  Langenbeck  will  be 
found  most  satisfactory  (a,  Fig.  228).  The  forearm  is  held  firmly  in  a  posi- 
tion of  complete  extension,  and  a  straight  longitudinal  incision,  at  least  five 
inches  long,  is  made  behind  the  joint,  at  an  equal  distance  from  the  two  con- 
dyles. This  incision  begins  in  the  middle  of  the  olecranon,  is  made  down  to 
the  bone,  and  splits  the  triceps  tendon.  The  periosteum  over  the  olecranon 
process  is  now  elevated  inward  with  periosteotome  and  knife,  and  the  tissues 


Fig.  228. — Excision  of  the  Elbow   Joint.     (After  Bryant.)     a,  Langenbeclc's  incision;  b,  Ollier's 
incision;  c,  the  incision  of  Liston  and  of  von  Bruns. 


above  this  process  are  strongly  retracted  inward.  This  dissection  is  carried 
inward  as  far  as  the  tip  of  the  inner  condyle  and  should  adhere  closely  to  the 
bone  in  order  to  protect  the  ulnar  nerve.  The  muscle  attachments  to  the 
inner  condyle  should  be  separated  subperiosteally,  and,  when  disease  does  not 
prevent,  a  thin  slice  of  bone  should  be  chiselled  off.  The  tissues  on  the  inner 
side  of  the  incision  should  now  be  allowed  to  fall  back  into  position,  and  an 
exactly  similar  dissection  should  be  made  in  an  outward  direction.  When 
the  attachments  of  the  external  lateral  ligament  and  the  external  muscles  have 
been  completely  separated,  the  tissues  on  both  sides  of  the  incision  are  strongly 
retracted ;  the  elbow  is  flexed ;  all  parts  still  tense  are  divided ;  and  the  extrem- 
ities of  the  bones  are  forced  through  the  incision.     When  the  operation  is  done 
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for  fungous  tuberculosis,  a  subperiosteal  separation  of  the  lateral  structures 
may  be  impossible. 

Surgeons  differ  as  to  which  bone  should  be  excised  first;  but  this  point 
possesses  a  minor  importance  when  compared  'w'ith  the  exact  site  of  bone  sec- 
tion. Fear  of  a  loose  joint  is  very  apt  to  cause  the  inexperienced  operator  to 
remove  an  insufficient  amount  of  bone,  and  then  an  imperfect  result  will  follow. 
As  a  rule,  the  olecranon  should  be  first  sawed  through  from  behind  at  a  level 
which  will  remove  the  greater  and  lesser  sigmoid  cavities;  then  the  radius 
should  be  removed  just  below  the  head.  The  error  of  remo\'ing  an  insufficient 
amount  of  bone  arises  in  the  case  of  the  humerus.  The  line  of  section  should 
pass  above  the  level  of  the  epicondyle  on  the  outer  side  and  through  the  high- 
est part  of  the  epitrochlea  on  the  inner  side.  A  section  which  removes  only 
the  articular  siu-face  and  passes  through  the  lower  part  of  the  coronoid  and 
olecranon  fossae  will  not  be  sufficient.  As  a  test  of  sufficient  removal  of  bone, 
Jacobson  states  that  the  mobility  should  be  sufficient  to  permit  the  hand  to 
be  placed  "not  only  on  the  shoulder  of  the  opposite  side,  and  to  the  mouth, 
but  on  the  shoulder  of  the  same  side,  and  behind  the  back  to  the  angle  of  the 
opposite  scapula."  Removal  of  this  amount  of  bone  will  leave  an  intersal  of 
about  one  inch  and  a  half  between  the  cut  ends  of  the  bones.  This  interval  is 
considered  to  be  about  correct. 

When  the  bones  have  been  di^'ided,  the  s)Tio\ial  ca\-ity  is  fully  exposed  for 
complete  dissection  in  the  case  of  disease.  In  tuberculosis,  a  systematic  plan 
should  be  followed,  and  every  particle  of  suspicious  tissue  should  be  removed 
by  sharp  dissection.  Any  foci  of  disease  left  in  the  bones  should  be  cut  out 
with  a  strong-bladed  knife;  particular  attention  should  be  given  to  extensions 
downward  from  the  radio-ulnar  articulation;  and  any  caAities  left  in  the  bone 
should  be  filled  with  Mosetig-Moorhof 's  iodoform  bone-plugging  material.  (See 
Vol.  I.,  p.  724.)  A  roughening  of  the  periosteum  above  the  line  of  bone  section 
does  not  necessarily  mean  tuberculous  invasion.  Finally,  sinuses  and  pockets 
should  be  carefully  dissected  out  or  curetted,  and  the  entire  area  of  infection 
should  be  thoroughly  mopped — first,  with  pure  carboUc  acid,  which  is  left  in 
contact  for  about  a  minute,  and  then  with  alcohol ;  and  the  wound  vdW  then  be 
ready  for  closure.  Opinions  differ  as  to  whether  it  Is  best  to  remove  the 
tourniquet  before  closing  the  wound  or  after  the  dressings  are  applied.  The 
writer  believes  that  it  will  always  be  far  safer  to  remove  the  tourniquet  and 
secure  all  bleeding  points  before  closing  the  wound. 

The  wound  is  not  sutured  except  at  the  ends,  liberal  drainage  is  introduced, 
and  the  arm  is  immobilized  in  a  position  of  semi-flexion  and  midway  between 
pronation  and  supination.  For  this  purpose  a  wire  splint,  such  as  has  been 
recommended  by  Esmarch,  or  an  anterior  strap  splint  of  plaster  of  Paris,  re- 
inforced by  a  metal  bar,  or  an  interrupted  plaster  splint  may  be  used.  Any 
splint  used  for  the  purpose  should  furnish  efficient  immobiUzation  and,  at  the 
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same  time,  should  permit  the  wound  to  be  dressed  without  disturbing  the  posi- 
tion of  the  bones. 

The  wound  should  not  be  dressed  for  from  five  to  seven  days,  unless  definite 
indications  arise.  The  fingers  and  wrist  should  be  moved  on  the  second  day. 
The  elbow  should  not  be  moved  until  the  wound  has  healed  sufficiently  to  give 
stability  to  the  joint,  that  is,  in  about  three  weeks;  and  when  this  is  done  the 
bones  should  be  held  in  their  respective  positions.  Passive  motion  is  advo- 
cated by  some  surgeons  at  a  much  earlier  date;  but  this  course  does  not  seem 
desirable  to  the  writer,  since  early  manipulation  is  certain  to  keep  up  the  in- 
flammatory reaction  and  cause  an  induration  which  will  delay  rather  than 
hasten  the  result.  Motion  at  the  end  of  three  weeks  will  undoubtedly  produce 
some  inflammatory  reaction ;  but  this  will  be  sHght,  and  the  tissues  are  at  that 
time  in  much  better  condition  to  be  mobilized.  The  movements  should  be 
very  gentle  and  limited  in  their  range  at  the  start,  then  they  should  be  gradu- 
ally increased,  until  recovery  is  complete.  The  movements  practised  should 
be  flexion  and  extension  at  the  elbow  and  rotation  of  the  forearm.  When  ro- 
tation of  the  forearm  is  being  made,  the  ulna  should  be  held  in  a  fixed  position 
and  the  radius  gently  rotated.  After  heahng  has  progressed  fairly  well,  the 
patient  should  be  encouraged  to  use  the  joint  more  and  more  in  fight  exer- 
cise, and  finaUy  gymnasium  work  should  be  prescribed.  The  after-treat- 
ment of  such  cases  becomes  a  very  difficult  matter  when  the  patients  are  young 
children.  A  child  naturafiy  refuses  to  use  a  painful  joint;  the  parents,  further- 
more, have  not  the  heart  to  carry  out  such  instructions,  and  too  often  they  are 
quite  as  difficult  to  manage  as  the  little  patient,  when  they  are  called  upon  to 
witness  the  necessary  pain  that  is  inflicted  by  the  surgeon.  It  is  often  neces- 
sary to  anaesthetize  the  child  several  times,  in  order  to  gain  the  range  of  mo- 
tion that  is  desired.  Gentle  and  systematic  massage,  given  by  a  nurse  who  can 
gain  and  retain  the  confidence  of  the  fittle  patient,  is  indispensable.  Falls  on 
the  elbow  should  be  carefully  avoided. 

The  operation  described  above  refers  to  complete  excision  of  the  elbow 
joint ;  yet,  as  has  already  been  stated  under  the  heading  of  Indications  for  the 
Operation  of  Excision,  this  complete  excision  is  not  often  performed  unless  it 
is  demanded  by  extensive  disease.  Even  in  tuberculous  joint  disease,  the  olec- 
ranon should  be  preserved  when  it  is  not  definitely  diseased.  The  author 
has  derived  much  satisfaction  from  the  incision  described  by  Liston  and  von 
Brmis  and  from  the  bilateral  incision  of  Hueter,  which  is  to  be  employed  when 
the  olecranon  is  to  be  preserved. 

In  Liston's  operation  (c.  Fig.  228)  the  joint  is  opened  by  a  longitudinal 
incision  three  or  four  inches  long,  which  is  made  along  the  inner  border  of  the 
olecranon.  A  second  transverse  incision  starts  over  the  radio-humeral  articu- 
lation and  extends  to  the  first  incision.  This  incision  is  carried  down  to  the 
bone  and  opens  the  radio-humeral  joint.    The  olecranon  is  next  sawed  off  at 
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its  base  and  reflected  upward  and  outward  with  the  attached  triceps  muscle. 
The  remainder  of  the  dissection  is  conducted  in  a  manner  similar  to  that  al- 
ready described.  AA'hen  the  operation  has  been  completed,  and  all  diseased 
bone  has  been  removed,  the  olecranon  is  sutured  in  place.  This  operation 
gives  a  most  excellent  exposure  of  the  joint  for  erasion  in  sjTiovial  tuberculosis 
and  for  excision,  partial  or  complete,  when  this  is  necessary.  Resuture  of  the 
olecranon  restores  the  posterior  support  of  the  joint  and  leaves  the  function 
of  the  triceps  muscle  practically  unimpaired. 

The  employment  of  two  lateral  incisions  has  been  frequently  resorted  to 
by  Hueter,  Oilier,  and  others,  and  seems  particularly  adapted  to  cases  of  anky- 
losis and  to  those  in  which  a  partial  excision,  \N*ith  or  without  arthroplast}^,  is 
required.  A  short,  vertical  incision,  about  one  inch  long,  is  first  made  slightly 
in  front  of  the  inner  cond3'le,  and  the  muscular  and  Ugamentous  attachments 
to  this  prominence  are  carefully  detached.  A  radial  incision,  four  inches  long, 
is  then  made  with  its  centre  over  the  external  condyle,  and  the  structures 
attached  to  this  point  are  dealt  with  in  a  similar  way.  The  incision  is  carried 
through  the  orbicular  ligament  and  exposes  the  head  of  the  radius,  whereupon 
it  can  be  removed,  if  deemed  wise,  either  with  a  saw  or  with  a  bone-forceps. 
The  humerus  is  either  exposed  by  careful  retraction  and  di^dded  in  the  wound 
by  a  narrow  saw,  or  it  is  thrust  through  the  outer  wound  and  sawed  off.  If 
a  complete  excision  is  to  be  done,  the  olecranon  can  be  dissected  out  and  re- 
moved. As  has  already  been  stated,  however,  partial  excision  vdW  be  done 
in  most  cases  of  ankylosis,  injury,  and  unreduced  backward  dislocation,  and 
the  humerus  alone  will  be  resected.  ^Mien  the  operation  is  done  for  any  one 
of  these  conditions,  the  outer  skin  incision  should  be  very  greatly  extended, 
in  order  to  obtain  a  fascial  flap  of  sufficient  size  to  extend  entirely  across  the 
joint  and  cover  the  lower  rounded  end  of  the  humerus;  the  operation  should 
then  be  completed  in  accordance  with  arthroplastic  requirements.  This  meas- 
ure will  undoubtedly  add  very  greatly  to  the  success  of  such  oj^erations,  since 
it  ^\-ill  not  only  insm-e  to  a  large  degree  a  movable  joint,  but  will  also,  by  reason 
of  the  preservation  of  the  olecranon,  give  a  joint  of  very  strong  action. 

Ollier's  bayonet-shaped  incision  (b,  Fig.  228)  has  been  advocated  as  giving 
more  room  for  manipulation,  a  more  satisfactory  wound  for  after-treatment, 
and  an  operation  better  suited  to  partial  excision,  should  this  be  foimd  desir- 
able after  an  exploratory  incision.  Ollier's  incision  was  originally  designed 
for  the  treatment  of  ankylosis  in  the  extended  position.  The  incision  begins 
on  the  outer  side  of  the  arm,  two  and  one-half  inches  above  the  joint,  in  the 
groove  between  the  triceps  and  supinator  longus,  and  is  carried  downward  to 
the  tip  of  the  external  condyle.  It  then  takes  an  obUque  course  downward 
and  inward  to  the  base  of  the  olecranon,  and  finally  descends  vertically  for  a 
distance  of  two  inches  along  the  posterior  border  of  the  ulna.  A  second  in- 
cision one  inch  long  is  made  over  the  inner  condj'le,  for  the  pm-pose  of  detach- 
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ing  the  muscle  and  ligament  from  this  structure.  The  remainder  of  the  opera- 
tion is  conducted  in  accordance  with  the  principles  already  given. 

The  result,  after  excision,  will  be  estimated  upon  a  basis  (1)  of  the  cure  of 
disease,  and  (2)  of  the  range  of  motion  at  the  elbow.  Damianos  gives  the  fol- 
lowing statistics  for  excision  of  the  elbow  in  tuberculosis  of  this  joint :  In  a 
series  of  32  cases,  no  patient  died  from  the  operation.  Of  20  patients  con- 
cerning whom  a  subsequent  history  could  be  obtained  it  was  found,  at 
least  one  year  after  operation,  that  in  10  cases  the  elbow  had  completely  healed 
without  fistula,  swelling,  or  pain;  that  in  1  case  there  remained  unimpor- 
tant fistulse  which  were  almost  closed;  that  3  required  sUght  subsequent 
operations;  that  6  had  died,  after  the  expiration  of  one  year,  from  pulmonary 
tuberculosis,  and  that  good  motion  had  been  obtained  in  21.4  per  cent,  slight 
motion  in  50  per  cent,  and  ankylosis  in  28.6  per  cent  of  these  cases.  Some  of 
these  patients  could  do  heavy  work,  while  others  were  able  to  do  only  light 
work. 

When  the  wound  does  not  heal  after  excision  for  tuberculosis,  it  may  be 
assumed  that  infected  material  is  still  present  in  some  portion  of  the  wound; 
and  a  prompt  secondary  operation  should  then  be  done  to  remove  this  focus, 
which  is  usually  so  small  that  a  very  slight  operation  will  accomplish  the 
purpose.  This  operation  will  consist  in  thoroughly  opening  up  sinuses,  in 
removing  by  curettage  or  sharp  dissection  all  suspicious  tissue,  in  thoroughly 
mopping  the  wound  with  pure  carbolic  acid,  and  in  leaving  the  wound  wide 
open  for  treatment.  It  is  very  comforting  to  know  that  a  dissemination  of  the 
infection  to  other  parts  of  the  body  rarely  follows  excision  of  the  elbow  for 
tuberculosis. 

In  such  conditions  as  ankylosis  and  unreduced  backward  dislocation  the 
result  will  be  estimated  almost  solely  upon  a  basis  of  restored  motion.  It 
may  be  assumed  that  a  good  result  has  been  obtained  when  the  patient  can, 
in  about  four  months,  move  the  joint  freely  and  use  it  efficiently  in  feeding  and 
dressing,  and  can  do  light  work.  In  one  year  the  joint  should  be  firm  and 
strong  and  should  be  equal  to  hard  work.  As  has  already  been  stated,  the  com- 
pleteness of  the  result  will  depend  very  largely  upon  the  method  of  operating. 
Any  lateral  or  forward  displacement  of  the  forearm  while  it  is  in  the  splint,  the 
resort  to  passive  motion  at  too  early  a  date,  or  the  wasting  of  the  muscles  may 
be  a  direct  cause  of  a  flail  joint.  The  result  of  the  operation  may  therefore 
be  a  complete  success,  a  partial  success,  or  a  failure,  i.e.,  a  condition  of  anky- 
losis or  a  loose  joint.  It  is  firmly  beUeved  that  arthroplasty  will  very  greatly 
reduce  the  number  of  failures  after  operations  of  this  type.  Indeed,  failure 
should  not  often  occur  when  a  proper  technique  is  used. 

Should  ankylosis  occur  after  excision  by  one  of  the  usual  methods,  a  further 
operation  has  been  looked  upon  as  inadvisable,  since  a  loose  joint  is  likely  to 
result.    Cases  of  this  type  should  be  carefully  studied,  however,  in  order  to 
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determine  whether  an  arthroplastic  operation  or  an  osteotomy,  for  the  pur- 
pose of  securing  bony  imion  at  a  useful  angle,  will  not  improve  the  functional 
value  of  the  elbow. 

A  loose  joint  should  be  treated  either  by  the  apphcation  of  a  carefullj-  con- 
structed supporting  apparatus,  or  by  an  operation  designed  to  give  bony  union 
at  a  useful  angle.  Kocher  uses  a  supix)rt  which  consists  of  two  leather  collars, 
fitting  closely  around  the  ann  and  forearm  and  connected  laterally  by  two 
metal  bars,  which  can  be  clamped  at  any  angle.  This  may  be  used,  during 
convalescence,  in  those  eases  which  do  not  ultimately  gain  an  entirely  strong 
joint  and  need  additional  supf)ort  when  doing  hea\y  work ;  or  it  may  be  used 
in  the  hopelessly  loose  joint.  In  this  way  a  permanently  loose  joint  may  be- 
come very  useful  to  a  patient. 

Erasion  of  the  Elbow  Joint. — Erasion  of  the  elbow  joint  has  not  been 
extensively  done;  yet  the  writer  is  of  the  opinion  that  the  method  should  re- 
ceive careful  study,  and  that  it  possesses  a  wider  field  of  application  than  has 
thus  far  been  assigned  to  it.  In  s^^lo^'ial  tuberculosis  and  in  those  cases  which 
show  a  very  limited  bone  lesion  the  technique  described  below  viiW  give  results 
that  could  not  be  obtained  from  excision.  Excision  cannot  promise  motion 
without  remo^-ing  the  epiphyseal  end  of  the  humerus;  and,  in  children,  this 
loss  of  the  epiphyseal  line  means  a  very  serious  shortening.  The  s^^lo^^al 
membrane  can  be  very  completely  exposed  to  view  by  the  von  Brims  incision 
and  a  complete  dissection  can  be  made.  The  following  case,  seen  with  Dr. 
Frank  Perry,  of  Norwood,  Ohio,  will  illustrate  these  points  very  well: 

The  patient,  a  foundry  worker,  aged  27,  had  suffered  for  a  few  weeks  from  rather 
acute  s\Tnptoms  of  arthritis  in  the  elbow  joint.  Immobilization  for  three  weeks  gave 
no  results,  and  the  patient,  who  was  a  poor  man,  became  veri'  much  wonied  over  the 
prospect  of  a  prolonged  period  of  immobilization.  Operation  was  suggested  and 
promptly  accepted  as  the  alternative.  The  joint  was  opened  by  the  von  Bruns 
method,  and  at  least  one  ounce  of  a  material  like  curd  and  whey  was  evacuated. 
The  entire  syno\'ial  membrane  was  covered  by  tuberculous  granulations,  and  there 
was  a  limited  superficial  ostitis  in  the  radio-ulnar  articulation.  The  articular 
ends  of  the  bones  were  glistening  and  uninvolved.  A  careful,  sharp  dissection  was 
made,  all  raw  surfaces  were  mopped,  for  about  one  minute,  first  with  pure  car- 
bolic acid  and  then  with  alcohol,  and  the  joint  was  closed  with  free  drainage.  The 
drainage  was  removed  at  the  end  of  forty-eight  hours.  The  fingers  and  wrist  were 
moved  from  the  start,  and  the  elbow  onh'  after  the  lapse  of  three  weeks.  At  the 
end  of  six  weeks  the  motion  was  good  and  unaccompanied  by  pain.  In  about  ten 
weeks  the  patient  began  to  work  regularly,  handling  section  bookcases,  and  at 
the  end  of  six  months  he  returned  to  his  regular  work  in  a  foundry-.  By  this  time 
the  elbow  had  regained  all  motions  completely,  the  arm  was  almost  as  strong  as 
formerly  and  gave  no  symptoms.  At  the  present  time,  after  the  lapse  of  two  years 
of  continuous  work,  these  same  favorable  conditions  are  maintained.  I  should  add 
that  the  diagnosis  of  tuberculosis  of  the  elbow  joint  was  confirmed  by  a  careful 
microscopic  examination. 
VOL.  IV.— 27 
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So  far  as  could  be  judged  from  the  symptoms,  this  patient  suffered  from  a 
purely  localized  tuberculous  inflammation,  which  threatened  the  joint,  possi- 
bly the  life.  There  must  obviously  have  been  a  tuberculous  focus  elsewhere 
in  the  body,  from  which  the  joint  became  infected  through  the  circulation ;  yet 
the  uncertainty  as  to  the  nature  and  locality  of  this  primary  focus,  and  the 
infrequency  with  which  other  similar  lesions  develop,  justify  us  in  disregard- 
ing it,  in  directing  our  attention  to  the  only  evident  seat  of  tuberculous  dis- 
ease, and  in  dealing  with  the  joint  lesion  as  though  it  were  purely  locaUzed. 
Within  this  joint  the  tuberculous  lesion  was  strictly  limited  to  the  synovial 
membrane,  and  there  was  no  indication  for  removing  good  bone,  covered  by 
normal  articular  cartilage.  It  is  quite  obvious  that  erasion  can  give  a  movable 
joint  only  when  the  articular  cartilages  are  normal,  and  that  this  operation 
will  be  applicable  only  in  early  cases.  It  is  therefore  recommended  that  the 
operation  for  tuberculosis  of  the  elbow  should  be  undertaken  with  the  idea 
that  erasion,  partial  excision,  or  total  excision  may  be  best  suited  to  the  indi- 
vidual case;  and  that  consequently  an  incision  should  be  used  which  will  an- 
swer for  either  one  of  these  three  procedures.  The  von  Bruns  incision  has,  in 
the  writer's  experience,  fulfilled  these  requirements. 

Excision  of  the  Radius. — This  operation  may  be  necessary  for  either  the 
partial  or  the  total  removal  of  the  bone.  The  head  of  the  bone  may  require 
excision  in  cases  of  fracture-dislocation  or  in  old  unreduced  dislocation  of  the 
head  where  the  movements  of  the  forearm  are  much  hampered.  The  writer 
has  seen,  with  Dr.  Cadwallader,  of  Norwood,  Ohio,  a  case  of  compound  fract- 
ure-dislocation of  the  head  of  the  radius  in  which  excision  was  demanded: 

In  this  case  a  very  heavy  man,  40  years  of  age,  fell  about  ten  feet  from  a  roof 
and  sustained  a  severe  injury  to  the  elbow,  with  evident  fracture  and  a  small 
wound  over  the  head  of  the  radius.  The  head  of  the  radius  was  found  to  be  almost 
free  in  the  deeper  parts  of  the  wound  and  was  easily  removed.  The  wound  healed 
promptly  without  infection.  After  painstaking  massage  and  passive  motion,  twice 
under  an  anaesthetic,  this  patient  regained  complete  motion  in  the  elbow  joint, 
and  three  months  after  operation  he  reported  to  the  writer  that  he  had  on  that 
day  used  this  arm  for  nine  hours  continuously  in  driving  spikes. 

When  the  operation  is  done  for  old  unreduced  dislocation,  an  incision  two 
inches  long  is  made  over  the  prominent  head  of  the  bone;  the  fibres  of  the 
supinator  longus  are  separated,  with  due  regard  for  the  musculo-spiral  nerve; 
and  the  bone  is  exposed  and  cleared  by  blunt  dissection.  The  head  of  the 
bone  is  removed  with  a  Gigli  saw  or  with  a  cutting  bone-forceps;  the  forearm 
is  then  moved  freely,  but  carefully,  in  order  to  break  up  adhesions;  and,  finally, 
the  limb  is  immobilized,  until  the  appropriate  time  for  passive  motion  shall 
have  arrived. 

The  shaft  of  the  bone  or  a  portion  of  the  shaft  may  require  excision,  as, 
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for  example,  after  extensive  osteomyelitis.  The  incision  for  exposing  the  bone 
should  be  made  over  its  most  superficial  portion.  The  general  principles  of 
excision  of  bone  have  been  discussed  under  the  heading  of  Excision  of  the 
Tibia  and  Fibula  (page  455),  and  need  not  be  repeated  at  this  point. 

Excision  of  the  Wrist. — Excision  of  this  joint  presents  difficulties  which  are 
quite  out  of  proportion  to  those  encountered  in  other  joints.  The  compUcated 
nature  of  the  articulations  and  the  irregularity  of  the  sjTiovial  membrane  ren- 
der the  region  particularly  subject  to  a  progressive  extension  of  a  tuberculous  or 
septic  process,  and  increase  greatly  the  likelihood  of  overlooking  side  exten- 
sions of  disease  when  an  operation  is  performed  for  its  eradication.  The  close 
relationship  of  the  flexor  and  extensor  tendons  to  the  joint,  running  as  they 
do,  in  many  instances,  in  grooves  in  bones,  introduces  a  second  difficulty.  In- 
jury to  these  tendons  vniII  interfere  seriously  with  the  result,  or  added  difficul- 
ties will  be  presented  by  the  very  frequent  extension  of  the  tuberculous  process 
to  the  tendon  sheaths  themselves.  The  great  variety  and  the  dehcacy  of  the 
movements  of  the  wrist  wiU  make  it  difficult  to  obtain  satisfactory  functional 
results.  These  difficulties  all  contribute  to  bad  or  indifferent  results,  and  the 
operation  of  excision  of  the  ^^Tist  has  not  enjoyed  the  favor  that  has  been 
accorded  to  the  same  operation  in  other  joints.  Recurrence  of  a  tuberculous 
process,  locally,  has  been  frequent;  pulmonary  tuberculosis  has  developed; 
matting  or  sloughing  of  the  tendons  has  caused  a  fin-fike  hand;  and  ankylosis 
has  occurred.  It  is  undoubtedly  true,  however,  that,  as  a  result  of  such  ex- 
periences, conservatism  regarding  operations  upon  this  joint  was  formerly 
carried  too  far;  but  it  is  the  wTiter's  belief  that  the  field  for  the  apphcation 
of  this  operation  has  of  late  years  been  greatly  extended.  The  difficulties 
enumerated  will  direct  our  attention  very  strongly  to  the  necessity  of  care- 
fully selecting  the  cases  for  operation.  There  are  some  cases,  for  example, 
that  are  clearly  unsuited  to  excision,  by  reason  of  the  extent  of  the  disease, 
the  degree  of  atrophy  of  the  muscles,  or  the  general  condition  of  the  patient; 
and,  when  this  is  the  case,  the  alternative  amputation  should  be  applied. 
There  are  other  cases  in  which  a  partial  excision  or  a  conservative  atypical 
operation  \s"ill  yield  results  superior  to  excision. 

The  indications  for  the  operation  are:  (1)  Tuberculosis  of  the  racfio-carpal, 
carpal,  or  carpo-metacarpal  joints,  alone  or  combined,  requires  excision. 
(2)  Suppuration  of  the  joints  may  require  excision,  for  the  purpose  of  se- 
curing proper  drainage.  The  articular  surfaces  of  the  racUus  and  the  ulna 
should  be  preserved  if  possible.  The  functional  result,  after  operation  for 
this  condition,  is  almost  certain  to  be  incomplete,  especially  when  the  tendon 
sheaths  have  been  involved  in  the  inflammatory  process.  (3)  Complicated 
injury  to  the  joint,  as  in  gunshot  wounds  and  in  compound  fracture,  may  re- 
quire excision.  This  should  not  be  done  as  a  primary  operation,  however, 
and  not  until  a  careful  re\iew  of  the  situation  has  shown  that  aseptic  wound 
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treatment  and  careful  plastic  repair  of  the  damage  done  to  the  joint  are  imprac- 
ticable.    Quite  unexpected  results  will  oftentimes  be  obtained  by  this  procedure, 

and  the  patient  will  be  saved  the  more 
extensive  operation  of  excision  or  am- 
putation. 

Anatomical  Considerations. — Ref- 
erence has  already  been  made  to  the 
complicated  nature  of  this  joint,  and  it 
may  be  safely  asserted  that  there  is 
scarcely  a  point  in  the  anatomy  of  the 
region  which  does  not  require  careful 
review  before  this  very  difficult  opera- 
tion is  undertaken.  There  are  many 
irregular  bones  making  up  the  joint,  and 
these  bones  are  firmly  bound  together 
in  every  direction  by  ligaments  which 
permit  of  but  limited  movement  be- 
tween the  articular  surfaces.  The  syno- 
vial membrane  is  divided  into  five 
distinct  cavities,  any  of  which  may  be 
diseased  or  not.  The  joint  is  surrounded 
by  important  tendons,  nerves,  and  blood- 
vessels. The  period  of  development  of 
the  epiphyseal  centres  should  also  receive 
careful  consideration  when  the  condi- 
tions are  such  as  to  call  for  an  atypi- 
cal excision.  It  is  an  established  rule 
that  this  excision  should  be  subperi- 
osteal, and  the  joint  should  be  studied 
anatomically,  with  this  point  in  view. 
The  location  of  tendon  insertions  should 
be  accurately  known  by  the  operator. 
Tendons  should  not  be  divided,  unless  it 
become  imperative,  and  in  this  instance 
both  the  tendon  and  its  sheath  should  be 
accurately  reunited. 
The  Operation. — Kocher  resects  through  a  single  incision  on  the  dorsum. 
(Fig.  229.)  The  hand  is  placed  on  a  sand  bag  in  a  slightly  flexed  position,  and 
a  skin  incision,  four  inches  long,  is  made  from  the  middle  of  the  interspace 
between  the  metacarpal  bones  of  the  ring  and  middle  fingers,  upward  and  out- 
ward, in  an  oblique  or  somewhat  curved  course,  toward  the  radius.  The 
deeper  structures  are  now^  divided  by  an  incision  between  the  extensor  com- 


FiG.  229.— Excision  of  the  Wrist  by  the 
Dorso-ulnar  Incision  Carried  through  the  Cap- 
sule. (After  Kocher.)  a,  Tendon  of  extensor 
minimi  digiti;  b,  tendons  of  extensor  commu- 
nis digitorum;  c,  fascia;  d,  radius;  e,  ulna; 
/,  posterior  annular  ligament;  o,  triangular 
fibro-cartilage ;  n,  semilunar  bone;  p,  cunei- 
form bone ;  h,  unciform  bone ;  x,  dorsal  branch 
of  ulnar  nerve;  y,  base  of  fifth  metacari^al; 
z,  posterior  ulnar  vein. 
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munis  digitorum  and  the  extensor  of  the  little  finger,  and  the  joint  is  opened 
below.  The  tendon  of  the  extensor  carpi  ulnaris  is  detached  from  the  fifth 
metacarpal  bone,  and,  above,  the  tendon  is  lifted  from  its  groove  in  the  ulna. 
The  capsule  is  rather  easily  separated  from  the  lower  end  of  the  ulna.  The 
capsule  is  divided  over  the  cimeiform,  the  joint  between  this  bone  and  the 
pisiform  is  opened,  and  the  tendon  of  the  flexor  carpi  ulnaris  is  left  intact. 
The  hook  of  the  unciform  is  now  cut  across,  special  care  being  taken  to  pre- 


FiG.  230. — Excision  of  the  Wrist  by  the  Dorso-ulnar  Incision;  Second  Stage.  The  wrist  joint 
is  dislocated  and  the  jxjsterior  ligament  is  detached  from  the  bones  of  the  forearm.  (After  Kocher.) 
a,  Radius;  b,  styloid  process  of  ulna;  c,  ulna;  d,  tendon  of  the  extensor  minimi  digiti;  e,  scaphoid; 
/,  semilunar;  i,  os  magnum;  h,  cuneiform;  /,  unciform;  o,  pisiform;  x,  fifth  metacarpal;  y,  dorsal 
branch  of  the  ulnar  nerve;  z,  posterior  ulnar  vein. 


serve  the  deep  branch  of  the  ulnar  nerve,  and  the  bundle  of  flexor  tendons  is 
easily  displaced  outward  in  one  mass.  The  ligamentous  attachments  of  the 
three  inner  metacarpals  are  divided  on  the  palmar  aspect,  but  the  insertion 
of  the  flexor  carpi  radiaUs  into  the  second  metacarpal  bone  is  preserved.  The 
attachments  of  the  capsule  to  the  anterior  border  of  the  lower  end  of  the  radius 
are  separated.  The  capsule  is  separated  from  the  radius,  in  a  similar  manner, 
upon  the  dorsal  aspect,  special  care  being  taken,  when  the  radial  side  has  been 
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reached,  to  lift  all  tendons  from  their  grooves.  The  insertions  of  the  tendons 
of  the  radial  extensors  are  not  detached  from  the  dorsal  aspect  of  the  third  and 
second  metacarpal  bones. 

The  hand  is  now  forcibly  dislocated  toward  the  radial  and  palmar  side,  so 
that  the  thumb  lies  in  contact  with  the  radial  border  of  the  forearm.  (Fig. 
230.)     It  may  be  necessary  to  separate  the  capsule  and  periosteum  still  further 


Fig.  231. — Excision  of  the  Wrist,     a,  Langenbeck's  incision;  aa',  Ollier's  radial  incision. 


from  the  radius.  The  carpal  bones  may  now  be  dissected  out  with  ease,  and 
a  thin  layer  is  removed  from  the  articular  surfaces  of  the  radius  and  ulna. 
Some  difficulty  may  be  encountered  in  removing  the  trapezoid  and  the  bases 
of  the  three  radial  metacarpals,  but  this  disadvantage  is  more  than  offset  by 
the  great  functional  advantage  of  preserving  intact  the  radial  extensors.  When 
the  disease  involves  this  region  mainly,  and  it  is  necessary  to  obtain  a  thor- 
ough exposure,  the  dorso-radial  incision  of  Langenbeck  (Fig.  231)  may  be  used. 
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The  ends  of  the  radius  and  ulna  should  be  sawed  in  a  cur\'ing  direction,  since 
rounded  bone  ends  facilitate  greatly  the  motions  of  dorsal  and  palmar  flexion. 
The  amoimt  of  bone  excised  will,  of  course,  depend  entirely  upon  the  extent 
of  the  area  diseased.  The  dissection  and  the  excision  of  diseased  soft  tissues 
should  be  conducted  in  the  same  accurate  and  careful  mamier  that  is  observed 
in  the  removal  of  a  malignant  tumor.  The  periosteum  cannot  be  preserved  in 
all  places,  and  side  extensions  of  disease  or  sinuses  should  be  carefully  excised. 

Langenbeck  resects  through  a  straight  dorso-radial  incision,  which  begins 
over  the  middle  of  the  second  metacarpal  bone  and  extends  upward  over  the 
middle  of  the  wrist  and  along  the  axis  of  the  forearm  to  a  point  about  one 
inch  above  the  lower  extremity  of  the  radius.  This  incision  strikes  the  inter- 
val between  the  tendons  of  the  extensor  conmiunis  digitoriun  and  extensor 
indicis  on  the  ulnar  side,  and  the  extensor  longus  and  brevis  poUicis  on  the 
radial  side.  The  incision  passes  tlirough  the  posterior  annular  ligament  and 
dowTi  to  the  radius  above,  opens  the  joint,  and  extends  downward  on  the  base 
of  the  third  metacarpal  bone.  The  tendon  insertions  of  the  extensor  carpi 
radialis  bre\'ior  and  longior  are  detached  from  the  third  and  second  meta- 
carpal bones  respectively,  and  the  ends  of  these  bones  are  exposed.  The  soft 
tissues  are  now  retracted,  the  periosteum  on  the  posterior  surface  of  the  lower 
end  of  the  ukia  is  elevated  in  a  similar  manner,  and  all  structures  are  drawn 
inward.  The  radio-carpal  joint  is  now  well  exposed  by  flexing  the  wTist,  and 
the  first  row  of  carpal  bones  may  be  removed,  subperiosteally  if  possible.  If 
necessary,  the  second  row  is  removed  in  a  similar  manner.  The  remaining 
steps  of  the  operation  differ  in  no  way  from  those  already  described. 

Oilier  recommends  the  use  of  two  incisions  for  the  purposes  of  excision, 
and  a  third  for  drainage  only,  and  he  describes  the  operation  in  two  stages. 
The  first  stage  deals  with  the  dissection  of  the  soft  parts,  and  the  second  stage 
with  the  excision  of  bone. 

First  Stage. — The  chief  incision  is  made  on  the  radial  side  of  the  dorsum; 
it  begins  over  the  middle  of  the  second  metacarpal  bone  and  extends  upward, 
in  a  somewhat  cm^-ed  course,  along  the  radial  border  of  the  extensor  indicis 
tendon  to  a  point  one  inch  and  a  half  above  the  line  of  the  radio-ulnar  joint. 
The  extensor  indicis  is  exposed  without  opening  its  sheath,  and  retracted  care- 
fully toward  the  iilnar  side.  The  incision  is  then  carried  down  to  the  perios- 
teum and  dorsal  Ugaments,  great  care  being  taken  not  to  injure  the  extensor 
carpi  radialis  bre^'ior,  and  the  attachment  of  this  muscle  to  the  base  of  the 
third  metacarpal  bone  is  separated.  In  the  upper  end  of  the  incision  the  ex- 
tensor longus  pollicis  will  be  encoimtered  and  should  be  drawn  outward. 
This  incision  should  be  about  fom*  inches  long.  The  ulnar  incision  is  made 
along  the  radial  border  of  the  extensor  carpi  ulnaris;  it  begins  over  the  base  of 
the  fifth  metacarpal  bone  and  ends  at  a  point  about  one  inch  above  the  tip  of 
the  styloid  process.    The  branch  of  the  ulnar  nerve  which  goes  to  the  little 
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finger  crosses  this  line  and  should  be  avoided.  This  incision  extends  down  to 
the  cuneiform  and  unciform  bones.  A  third  incision,  one  inch  long,  over  the 
styloid  process  of  the  radius,  is  recommended  for  drainage  only;  and  this 
incision  should  be  made  at  this  stage  of  the  operation,  before  the  relations  of 
the  parts  are  disturbed. 

Second  Stage. — The  second  stage  of  the  operation  pertains  to  the  removal 
of  the  bones.  This  part  of  the  operation  does  not  differ  materially  in  technique 
from  that  already  described.  The  trapezium  may  often  be  left,  and  the  pisi- 
form and  unciform  processes  should  always  be  left,  even  when  the  greater  part  of 
the  articular  ends  of  the  bones  have  been  removed. 

Lord  Lister's  operation  is  also  performed  through  a  radial  and  an  ulnar 
incision.  The  radial  incision  begins  over  the  middle  of  the  dorsal  surface  of 
the  radius,  on  a  level  with  the  styloid  process,  and  is  directed  toward  the  meta- 
carpo-phalangeal  joint  of  the  thumb,  in  a  line  parallel  to  the  course  of  the 
tendon  of  the  extensor  longus  pollicis  muscle.  At  the  radial  border  of  the  second 
metacarpal  bone  the  line  of  incision  becomes  vertical  and  is  continued  as  far 
as  the  middle  of  this  bone.  The  merit  of  this  incision  rests  on  the  fact  that 
it  does  not  imperil  the  safety  of  the  radial  artery,  even  in  the  presence  of 
marked  inflammatory  thickening.  The  tendons  of  the  extensor  carpi  radialis 
longior  and  brevior  are  next  detached  with  a  knife,  and  the  extensor  longus 
pollicis,  with  the  radial  artery  and  other  soft  structures,  is  drawn  outward. 
The  trapezium  is  next  separated  from  the  rest  of  the  wrist  by  cutting  forceps, 
applied  along  the  line  of  incision;  but  the  bone  is  not  removed  until  later. 
The  wrist  is  now  bent  backward  in  order  to  relax  the  extensor  tendons,  and 
the  straight  ulnar  incision  is  made.  This  incision  is  made  on  the  palmar  sur- 
face; it  begins  two  inches  below  the  lower  end  of  the  ulna,  on  its  anterior  sur- 
face, and  is  carried  downward  between  this  bone  and  the  flexor  carpi  ulnaris 
to  the  middle  of  the  palmar  aspect  of  the  fifth  metacarpal  bone.  The  tissues 
posterior  to  this  incision  are  then  retracted;  the  tendon  of  the  extensor  carpi 
ulnaris  is  separated  at  its  insertion  and  lifted  out  from  its  groove  in  the  ulna; 
and  the  tendons  of  the  extensors  of  the  fingers  and  the  posterior  and  internal 
lateral  ligaments  are  separated  from  the  carpus.  The  palmar  surface  is  now 
carefully  dissected  close  to  the  bone.  After  the  dissection  of  the  carpus  has 
been  completed,  the  bones  are  extracted  through  the  ulnar  incision.  The 
articular  ends  of  the  radius  and  the  ulna  are  likewise  made  to  protrude  from 
the  same  incision,  and  their  articular  ends  are  sawed  off.  The  ulna  is  sawed 
obliquely  in  such  a  manner  as  to  remove  that  portion  which  articulates  with 
the  radius,  and  a  thin  slice  only  is  removed  from  the  radius  if  the  bone  is  not 
seriously  damaged.  It  adds  greatly  to  the  symmetry  and  stability  of  the 
hand  to  leave  the  radius  and  the  ulna  of  the  same  length.  As  has  already  been 
stated,  stability  will  likewise  be  given  by  leaving  all,  or  at  least  some  portion, 
of  the  styloid  processes. 
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The  Immediate  Treatment  of  the  Wound,  and  the  After-treatment.— Aiter  the 
completion  of  any  one  of  the  operations  described  above,  the  tourniquet  should 
be  removed  and  all  bleeding  vessels  carefully  secured.  Special  attention  is 
then  given  to  thorough  drainage,  and  the  incisions  are  closed  by  suture,  except 
at  the  points  of  drainage.  Aseptic  dressings  are  apphed  in  such  a  manner 
that  it  will  be  easy  to  dress  the  wound  subsequently  without  disturbing  the 
splint,  and  a  fixation  apparatus  is  applied.  Many  forms  of  splint  have  been 
suggested,  but  the  author  has  found  uniform  satisfaction  from  the  use  of  plaster 
of  Paris,  applied  either  as  a  strap  splint,  made  from  superimposed  layers  of  an 
ordinary  plaster  bandage,  or  as  an  interrupted  encasing  splint,  reinforced  by 
arched  metal  bars.     Fig.  232  illustrates  the  strap-splint  method.     If  the  dress- 


FiG.  232. — Method  of  Apphlng  Anterior  and  Posterior  Plaster-of-ParLs  Strap  Splint.     (Original.) 


ings  are  thoughtfully  appUed,  the  palmar  splint  may  remain  in  place  for  a  long 
period  of  time,  particularly  when  dorsal  incisions  are  used,  ^liatever  splint 
is  used,  it  should  end  at  the  metacarpo-phalangeal  articulation,  in  order  to 
give  free  motion  to  the  joints  of  the  thumb  and  fingers,  and  it  should  permit 
of  a  position  midway  between  pronation  and  supination,  with  the  hand  sUghtly 
extended  and  abducted.  The  frequency  with  which  the  dressings  should  be 
renewed  depends  entirely  upon  the  primary  cleanliness  of  the  joint;  but,  as  a 
rule,  they  should  be  changed  every  second  day  after  the  first  week.  Two  days 
after  operation,  both  passive  and  active  motion  should  be  encouraged  in  the 
phalangeal  and  the  metacarpo-phalangeal  joints;  and,  at  the  end  of  ten  days 
or  two  weeks,  careful  passive  motion  should  be  made  in  the  \NTist.  During 
the  early  treatment  the  thumb  and  index  finger  should  be  kept  apart.  The 
ultimate  result  wiU  depend  very  largely  upon  the  persistence  with  which  active 
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and  passive  movements,  massage,  electricity,  and  gymnastic  exercises  are  car- 
ried out.  The  continued  interest  of  the  surgeon  and  the  untiring  aid  of  the 
patient  for  a  period  of  from  six  to  nine  months  will  be  required  if  the  best  re- 
sults are  to  be  obtained.  Satisfactory  movements  of  the  fingers  may  be  ex- 
pected early,  and  flexion  and  abduction  and  adduction  of  the  wrist  will  be 
very  largely  restored.  Extension  of  the  fingers  and  extension  of  the  wrist  are 
the  most  difficult  movements  to  recover. 

Resection  of  the  Metacarpal  and  Phalangeal  Bones  and  Their  Joints. — 
Resection  is  not  frequently  indicated  in  this  region,  and  the  bones  are  so  ac- 
cessible that  a  detailed  account  of  various  operative  methods  is  not  deemed 
necessary.  Tuberculosis  of  the  bones  will  present  almost  the  sole  indication 
for  resection  of  the  metacarpal  bones,  while  septic  infection  is  the  only  lesion 
that  will  demand  excision  of  the  joints. 

The  metacarpal  bones  are  removed  through  a  dorsal  longitudinal  incision. 
The  tendons  and  soft  parts  are  pushed  to  one  side,  and  a  subperiosteal  excision 
is  performed  if  possible.  The  importance  of  preserving  the  bases  of  the  meta- 
carpal bones  will  be  apparent  when  it  is  remembered  that  the  carpo-metacarpal 
joint  of  the  thumb  is  the  only  one  with  a  separate  synovial  membrane.  The 
corresponding  finger  will  recede  upward  after  the  metacarpal  has  been  re- 
moved; but  it  will  usually  retain  its  power  and  should  be  left  in  working 
people. 

The  phalanges  are  excised  through  two  lateral  incisions,  which  carefully 
avoid  the  arteries  and  nerves.  Lateral  deformity  is  particularly  to  be  feared, 
but  can  usually  be  avoided  by  the  bilateral  incision  and  by  the  prolonged  use 
of  a  supporting  splint. 

Resection  of  the  metacarpo-phalangeal  and  phalangeal  joints  will  be  in- 
dicated for  the  cure  of  septic  arthritis.  The  joint  is  exposed  by  lateral  inci- 
sions which  should  be  ample  in  length  and  should  give  free  exposure  of  the 
bone  ends.  For  the  metacarpo-phalangeal  joints  the  incision  should  be  one 
inch  and  a  half  long,  and  for  the  phalangeal  joints  not  less  than  one  inch  long. 
The  joint  should  be  thoroughly  cleaned  out,  all  diseased  bone  removed,  and 
the  cavity  firmly  packed.  Whenever  possible,  one  articular  surface  should 
be  left. 

A  very  satisfactory  degree  of  motion  will  be  regained  in  a  large  number  of 
cases  when  the  after-treatment  is  carefully  followed. 

Excision  of  the  Hip. — Excision  of  the  hip  is  an  operation  which  is  much 
less  frequently  performed  to-day  than  a  few  years  ago.  This  has  been  brought 
about  by  the  very  complete  demonstration,  from  a  large  number  of  cases, 
that  the  average  result  from  the  conservative  treatment  of  tuberculosis  of  the 
hip  is  better  than  that  obtained  by  operative  treatment.  This  statement 
should  not  be  taken  to  imply,  however,  that  the  operation  of  excision  should 
never  be  done  for  tuberculous  disease.    It  means  that  every  incipient  case  of 
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tuberculous  disease  of  the  hip  should  be  first  treated  by  the  most  approved 
methods  of  immobihzation,  diet,  and  hygiene.  If,  however,  the  condition  does 
not  improve  satisfactorily  under  such  a  course  of  treatment;  if  there  are  e\\- 
dences  of  active  suppuration  and  rapid  disintegration  of  the  joint ;  and  if  repeated 
x-ray  examinations  reveal  a  progressive  destruction  of  either  the  head  of  the 
bone  or  the  acetabulum,  or  both,  then  excision  should  be  done.  The  disease 
may  take  this  course,  either  because  of  an  infection  of  unusual  \'irulence,  or 
because  of  total  inability  on  the  part  of  the  poor  to  command  the  conditions 
essential  to  a  conservative  plan  of  treatment. 

It  is  quite  exident  that  very  careful  observations  wiU  be  required  to  enable 
one  to  arrive  at  this  decision,  and  special  attention  is  called  to  the  value  of 
the  j-ray  in  the  hands  of  an  expert,  as  an  instrument  of  precision  in  this 
regard.  Lovett  was  able  to  report  that  in  ninety-five  out  of  one  hundred 
cases  the  opinion  formed  by  means  of  the  x-ray  as  to  the  presence  and  stage 
of  the  disease  was  borne  out  clinically.  Freiberg  reports  equally  good  results. 
This  method  wiU  not  only  show  extension  of  caseation  and  suppuration  and 
enable  the  sm-geon  to  apply  the  operative  treatment  at  the  proper  time, 
but  it  will  greatly  increase  the  scope  of  the  early  operative  treatment  of 
extra-articular  foci. 

In  a  certain  class  of  patients,  fortunately  rare,  the  early  symptoms  of  a 
tuberculous  infection  are  so  rapid  in  their  development,  the  swelling  and  the 
tenderness  increase  so  rapidly  and  so  persistently,  in  spite  of  immobihzation, 
and  the  general  s}Tiiptoms  are  so  marked,  that  there  seems  great  danger  of  a 
generahzation  of  the  infection.  Excision  should  be  done  at  once  in  this  class 
of  cases. 

The  mortality  from  excision  of  the  hip  for  tuberculosis  was  once  fifty  per 
cent,  and  the  functional  results  were  not  always  good;  yet  it  must  be  re- 
membered that  the  operation  has  most  frequently  been  done  only  in  the  very 
bad  cases,  which  would  }ield  a  mortaUty  of  seventy-five  per  cent  if  not 
operated  upon.  The  bad  cases  cannot  j'ield  the  best  results,  because  of  the 
extensive  removal  of  tissue  that  becomes  necessary  in  such  cases. 

Ankylosis  after  tuberculosis  or  from  other  causes  is  not  looked  upon  as  an 
indication  for  excision.  This  condition  may  be  overcome  by  subtrochan- 
teric osteotomy. 

Gunshot  injury  of  the  hip  joint  is  not  an  indication  for  immediate  resection; 
but  this  operation  should  be  very  promptly  done  for  purposes  of  drainage, 
when  it  has  been  clearly  demonstrated  that  ordinary  incision  will  not  suffice. 
(See  article  on  Gunshot  Wounds  in  Vol.  11.) 

Morbus  coxae  senilis  wiU  call  for  excision  only  "when  ankylosis  or  very  de- 
ficient mobility  has  resulted  after  the  ordinary  methods  of  treatment. 

Suppurative  disease  of  the  hip  which  does  not  jield  to  the  ordinary  treat- 
ment by  efficient  drainage,  should  be  treated  by  excision.     When  diseased  bone 
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is  discovered  at  the  time  of  making  incisions  for  drainage,  this  should  be  re- 
moved; or,  if  the  acetabulum  is  found  to  be  extensively  diseased,  excision 
should  be  done  at  once. 

Separation  of  the  epiphysis  of  the  femur  may  occur  under  twenty  years  of 
age  and  will  furnish  an  indication  for  the  removal  of  the  head  of  the  bone. 

Jacobson  summarizes  the  indications  for  excision  of  the  hip  by  a  quotation 
from  the  report  of  the  Clinical  Society's  Committee  on  Excision  of  the  Hip. 
They  are  as  follows : 

(1)  Necrosis  and  separation  of  the  entire  head  of  the  femur  and  its  conver- 
sion into  a  loose  sequestrum. 

(2)  The  presence  of  a  firm  sequestrum  either  in  the  head  or  neck  of  the 
femur,  or  in  the  acetabulum. 

(3)  Extensive  caries  of  the  femur  or  the  pelvis,  leading  to  prolonged  sup- 
puration and  the  formation  of  sinuses. 

(4)  Intrapelvic  abscess  following  disease  of  the  acetabulum. 

(5)  Extensive  and  old-standing  synovial  disease,  and  ulceration  of  the 
cartilages,  with  persistent  suppuration. 

(6)  Displacement  of  the  head  of  the  femur  on  the  dorsum  ilii,  with  chronic 
sinuses  and  deformity. 

Before  discussing  the  operative  treatment  of  tuberculosis  of  the  hip  joint 
the  term  "good  result"  should  be  defined. 

A  good  result  in  tuberculous  hip  disease  is  one  with  a  minimum  amount 
of  shortening,  without  deformity,  and  with  the  maximum  range  of  motion. 
Almost  a  perfect  restoration  of  function,  with  no  trace  of  deformity,  may  be 
obtained  in  those  cases  in  which  the  well-recognized  methods  of  treatment  are 
begun  very  early.  A  less  satisfactory,  yet  at  the  same  time  a  relatively  good, 
result  will  be  obtained  when  the  bony  structures  become  more  extensively  dis- 
eased in  the  second  stage;  but,  in  the  third  stage,  we  must  be  satisfied  with 
merely  a  correction  of  deformity  and  an  arrest  of  the  disease.  As  has  already 
been  stated,  the  average  result  from  excision  will  not  be  as  good  as  that  ob- 
tained by  conservative  means,  and  the  result  will  suffer  still  further  by  com- 
parison, since  the  operation  of  excision  is  now  done  only  in  those  cases  which 
do  badly  under  this  plan  of  treatment.  A  good  result  after  excision,  as  deter- 
mined by  shortening,  deformity,  range  of  motion,  and  stability,  will  depend 
very  largely  upon  the  amount  of  bone  removed.  If  too  much  of  the  bony 
tissue  is  removed,  a  flail  joint  results;  if  the  periosteum  is  needlessly  excised, 
corresponding  shortening  will  probably  occur. 

Anatomical  Considerations.  —  In  addition  to  the  well-known  anatomical 
facts  which  relate  to  the  hip  joint,  special  attention  is  called  to  the  following 
facts:  (1)  The  head  of  the  femur  and  the  acetabulum  are  cancellous  in  struct- 
ure and  quite  vascular.  (2)  The  acetabulum  is  lined  at  all  points  with  carti- 
lage, except  at  the  U-shaped  fossa  at  the  bottom  of  the  acetabulum,  to  a  cer- 
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tain  part  of  which  is  attached  the  ligamentum  teres.  (3)  Shortening  can 
occur  only  from  failure  in  development  or  an  actual  loss  of  substance  of  the 
bony  structure.  (4)  The  arrangement  of  the  periosteum  and  the  points  of  in- 
sertion of  the  ligaments  and  the  muscles  should  be  carefully  considered,  since 
the  functional  result  will  depend  very  largely  upon  the  preservation  of  the 
periosteum.    WTien  practicable,  the  greater  trochanter  should  be  chiselled  off 


Fig.  233. — Right  Hip  Joint  shown  in  Frontal  Section.  Posterior  half  of  section  inewed  from 
in  front.  (After  Spalteholz.)  a.  Ilium;  b,  cotyloid  ligament;  c,  orbicular  zone  of  capetile;  d,  great 
trochanter;  e,  epiphyseal  junction;  s,  shaft  of  femur;  t,  orbicular  zone;  x,  capsule  of  joint;  y,  ca\-ity 
of  joint;  z,  tuberosity  of  ischium;  I,  inferior  ramus  of  ischium;  z,  ligamentmn  teres;  h,  epiphyseal 
junction. 


with  its  muscular  insertions,  and  sutured  back  in  place  after  the  excision  has 
been  completed. 

Operation. — A  radical  and  a  conservative  method  of  operating  are 
described.  In  the  radical  method  no  effort  is  made  to  presers'e  the  periosteum, 
while,  in  the  conservative  method,  the  most  careful  attention  is  directed  to 
the  preservation  of  this  important  structure.  Even  in  tuberculous  cases  it  is 
usuaUy  possible  to  preserve  a  part  of  the  periosteum,  and  the  operation  should 
be  modified  to  meet  the  requirements  of  the  anatomical  conditions  encountered 
at  the  time  of  operation. 
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There  have  been  recommended  a  variety  of  incisions,  which  may  be  divided 
into  the  posterior  and  the  anterior. 

Resection  hy  Posterior  Incision. — Resection  of  the  hip  was  first  performed 
by  White,  in  1821,  through  a  posterior  curved  incision,  and  this  incision  has 
not  been  materially  improved  up  to  the  present  time  (c.  Fig.  234). 

This  incision  is  made  with  the  patient  lying  on  the  healthy  side;  it 
begins  at  a  point  midway  between  the  anterior  superior  spine   of  the  ilium 


Fig.  234. — Excision  of  the  Hip  Joint,     a,  Langenbeck's  incision;  b,  Sayre's  incision;  c,  White's 

posterior  curved  incision. 


and  the  greater  trochanter,  passes  backward  over  the  most  prominent  point  of 
the  upper  border  of  the  trochanter,  and  then  follows  its  posterior  border  down- 
ward for  three  or  four  inches.  The  incision  is  carried  down  to  the  muscles  and 
periosteum,  and  the  flap  thus  formed  is  dissected  downward  sufficiently  to  expose 
the  base  of  the  trochanter.  The  periosteum  is  transversely  divided  at  the  base 
of  the  trochanter,  the  trochanter  is  chiselled  away  with  its  attached  muscles, 
and  this  deeper  flap,  including  the  trochanter  and  muscles,  is  dissected  upward 
to  expose  freely  the  neck  and  head  of  the  femur.  The  capsule  is  now  divided 
longitudinally  in  situ,  and  the  neck  of  the  femur  is  divided  with  a  chisel  at  a 
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point  to  be  determined  by  the  extent  of  the  disease.  (Fig.  235.)  The  head  of 
the  bone  is  extracted  with  bone-forceps.  The  ligamentum  teres  is  usually 
destroyed.  This  plan  of  remo^^ng  the  head  of  the  femur  is  much  to  be  pre- 
ferred to  that  of  dislocating  the  head  by  adducting  the  hmb,  then  sawing  it 
off.  The  latter  plan  injures  the  tissues  very  much  more  than  the  former,  and 
subjects  the  patient  to  the  dangers  of  fracture  of  the  femur  or  of  separation 
of  the  lower  epiphysis. 

The  question  of  the  site  of  bone  section  is  one  upon  which  surgeons  differ. 
Preservation  of  the  greater  trochanter  with  its  attached  muscles  will  undoubtedly 
yield  very  much  better  motion  and  greater  stability  than  di\'ision  of  the  bone 


Fig.  235. — Excision  of   the  Hip   Joint  by  Posterior  Incision.     (After  Lejars.)     a.  Gluteus  maximus 
muscle  drawn  aside ;  b,  Gluteus  medius :  c,  head  of  femur ;  d,  capsule  of  joint ;  e,  great  trochanter. 


at  the  base  of  the  trochanter;  yet  Jacooson  maintains  that,  after  healing,  the 
process  becomes  strongly  drawn  upward  against  the  scar  and  constantly  irri- 
tates it.  He  believes  that  this  disadvantage  far  outweighs  the  advantage  of 
greater  mobility  and  more  rapid  healing. 

If  it  be  determined  that  this  lower  division  of  the  bone  is  necessary 
or  desirable,  the  primary  incision  should  be  carried  down  through  the  perios- 
teum along  the  posterior  border  of  the  trochanter,  and  the  muscle  attachments 
to  this  structure  should  be  elevated,  if  possible,  in  a  single  piece.  The  capsule 
and  the  periosteum  of  the  neck  are  now  di\'ided  as  before  and  separated  in  a 
careful  manner  from  the  bone.  The  bone  is  di\'ided  just  below  the  top  of  the 
trochanter  with  an  osteotome  or  a  Gigli  saw. 

Langenbeck  exposes  the   joint  by   a  straight   longitudinal   incision,   five 


432  AMERICAN  PRACTICE  OF  SURGERY. 

or  six  inches  long,  made  directly  over  the  great  trochanter  and  extending  up- 
ward toward  the  posterior  superior  spine  of  the  ilium.  (Fig.  234.)  The  oper- 
ation is  continued  subperiosteally,  as  described  above. 

Kocher  makes  a  curved  incision  extending  from  the  base  of  the  greater 
trochanter  upward  to  its  anterior  superior  angle,  thence  upward  and  outward 
toward  the  median  line  in  the  direction  of  the  fibres  of  the  gluteus  maximus. 
The  deep  dissection  is  then  continued  with  a  view  to  the  preservation  of  the 
nerve  supply  of  all  muscles  in  the  region.  This  dissection  is  described  as  fol- 
lows by  Kocher:  ''The  dense  aponeurotic  insertion  of  the  gluteus  maximus  is 
now  divided  upon  the  outer  aspect  of  the  trochanter,  exposing  the  periosteum 
and  the  insertion  of  the  gluteus  medius,  which  covers  the  whole  of  the  upper 
border,  the  detachment  of  the  gluteus  maximus  being  thus  facilitated.  The 
upper  and  back  part  of  the  incision  divides  the  fibres  of  the  gluteus  maximus, 
and  generally  some  vessels  of  considerable  size,  which  must  be  ligated.  When 
possible,  a  still  better  plan  is  to  expose  the  upper  border  of  the  gluteus  maxi- 
mus and  to  retract  it  downward. 

''A  fatty  layer  now  appears,  and,  after  it  has  been  divided,  the  interval  is 
reached  between  the  lower  border  of  the  gluteus  medius  and  minimus  above 
and  the  pyriformis  below.  This  space  is  opened  up,  and  the  broad  tendon  of 
insertion  of  the  gluteus  medius,  and  under,  it  the  tendon  of  the  gluteus 
minimus,  together  with  the  periosteum,  are  incised  down  to  the  anterior  in- 
tertrochanteric line  and  detached  forward."  The  remainder  of  the  opera- 
tion is  conducted  subperiosteally,  as  has  already  been  described. 

Sprengel  describes  an  incision  which  may  be  used  when  it  is  necessary  to 
get  a  more  extensive  view  of  the  posterior  part  of  the  pelvis  or  to  resect  a 
portion  of  the  ilium.  This  incision  is  made  along  the  iliac  crest  from  the 
posterior  superior  spine  to  the  anterior  superior  spine,  then  descends  along 
the  posterior  border  to  the  tensor  fasciae  femoris.  This  large  flap  of  skin,  in- 
cluding all  gluteal  muscles  and  the  periosteum,  is  turned  downward  and  back- 
ward and  the  joint  freely  exposed. 

Resection  by  Anterior  Incision. — Hueter,  Barker,  Luecke,  and  Schede  have 
recommended  resection  of  the  hip  by  anterior  incision  (Fig.  236).  The  chief 
reasons  given  for  this  preference  are,  slight  interference  with  the  muscles  and 
greater  ease  in  treating  the  w^ound  during  convalescence. 

Barker  makes  an  incision,  three  or  four  inches  long,  which  begins  an  inch 
below  the  anterior  superior  spine  and  extends  downward  and  inward  in  the 
interval  between  the  tensor  vaginae  femoris  and  glutei  on  one  side,  and  the 
sartorius  and  rectus  on  the  other.  The  neck  of  the  bone  is  exposed  at  once. 
The  muscles  are  strongly  retracted  and  the  bone  is  divided  at  a  point  and  in 
a  manner  to  be  determined  by  the  consideration,  as  already  stated,  of  the 
pathological  condition  of  the  parts. 

After  the  joint  has  been  exposed  and  the  head  of  the  bone  removed,  the 
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remainder  of  the  operation  is  conducted  in  a  manner  which  is  practically  uni- 
form with  all  operators.  When  the  operation  is  performed  for  tuberculosis, 
the  most  careful  sharp  dissection  should  be  made  for  the  removal  of  all  sus- 
picious tissue,  and  any  foci  of  disease  in  the  femur  or  acetabulum  should  be 
carefully  removed.  The  necessity  for  preser\'ing  the  periosteum,  even  in 
fragments,  must  be  remembered,  and  the  periosteum  of  the  neck  of  the  bone 
should  be  attached  to  the  periosteum  at  the  lower  border  of  the  acetabulum, 
wherever  this  is  possible.  All  hemorrhage  should  be  accurately  controlled,  the 
muscles  should  be  sutured  over  the  periosteum,  and  the  wound  closed  with  abun- 


FiG.  236. — Excision  of  the  Hip  Joint  by  Anterior  Incision,     (.\fter  Lejars.)     a,  Head  of  femur; 
6,  iliopsoas  muscle;  c,  sartorius  muscle  drawTi  inward;  d,  anterior  rectus  muscle. 


dant  drainage;  or,  when  the  operation  is  done  for  tuberculosis,  the  cavity 
should  be  thoroughly  mopped  with  pure  carbolic  acid,  and  afterward  with 
ninety-six-per-cent  alcohol,  before  the  wound  is  closed.  Most  surgeons  recom- 
mend a  voluminous  tamponade  of  the  caA^ity  with  iodoform  gauze  and  treat- 
ment of  the  wound  without  suture.  This  will  be  quite  essential  when  the  joint 
has  been  the  seat  of  a  mixed  infection;  but  drainage  will  not  be  needed  in  the 
aseptic  cases,  imless  it  be  for  a  very  brief  period  of  time  to  take  care  of  serous 
exudation.  AMien  the  greater  trochanter  has  been  chiselled  off,  it  should  be 
sutured  back  in  place,  and  a  drainage  tube  should  be  placed  behind,  in  order 
that  there  may  be  no  opportunity  for  retention  of  secretions.  When  the  muscle 
insertions  alone  have  been  elevated  from  the  greater  trochanter,  and  the  tro- 
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chanter  removed,  an  effort  should  be  made  to  give  them  a  firm  mooring  by- 
suture.  After  the  dressing  of  the  wound  has  been  completed  the  hip  should 
be  immobilized  either  with  a  long  lateral  board  or  with  a  spica  plaster-of-Paris 
splint,  and  extension  should  be  applied.  A  weight  of  from  ten  to  twenty 
pounds,  according  to  the  age  of  the  patient,  should  be  used  for  this  extension. 

The  wound  should  be  allowed  to  heal  by  granulation.  The  patient  may 
be  allowed  to  sit  up  in  bed  at  the  end  of  two  weeks,  but  the  extension  should 
be  kept  up  for  six  months.  After  a  period  of  six  weeks  the  extension  is  to 
be  maintained  with  a  Thomas  splint,  and  the  patient  allowed  to  get  about. 
He  should  not  be  allowed  to  walk  without  support  for  six  months. 

A  tendency  to  stiffness  in  the  joint  should  not  be  too  vigorously  combated, 


Fig.  237. — Excision  of  Hip  Joint  by  Internal  Incision.     (After  Lejars.)     a.  Internal  rectus  mus- 
cle drawn  aside;  h,  head  of  femur;  c,  adductor  magnus  muscle. 


since  a  hip  ankylosed  in  a  position  of  slight  flexion  and  abduction  will  be  very 
useful.  It  has  been  quite  well  demonstrated,  from  a  number  of  specimens, 
that  the  head  of  the  bone  may  be  satisfactorily  reformed  after  subperios- 
teal resection,  and  that  this  new  head  may  be  even  covered  with  cartilaginous 
structures. 

The  possibilities  of  obtaining  a  useful  joint  after  excision  have  been  so 
greatly  improved  by  the  introduction  of  arthroplastic  methods  that  the  in- 
dications for  the  operation  have  been  materially  modified.  Excision  for  anky- 
losis, an  operation  which  formerly  was  considered  to  be  in  many  instances 
unjustifiable,  has  now  become  a  justifiable  procedure  which  frequently  gives 
excellent  results. 

Excision  of  the  Innominate  Bone. — This  operation  has  been  successfully 
performed  a  few  times  for  the  removal  of  tumors.     An  excision  done  for  this 
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purpose  will  of  necessity  be  atypical  ia  nature,  and  both  the  incision  and  the 
deejjer  dissection  wiU  in  every  instance  be  planned  to  meet  the  requirements 
of  the  individual  case.  In  one  case  reported  by  Kocher,  the  operation  was 
done  for  a  large  osteo-chondro-sarcoma  of  the  ilium.  In  this  instance  the  pubic 
bone  and  ischium  were  sawed  through  at  a  point  2  cm.  (about  i  inch)  internal 
to  the  acetabulum,  and  the  iscliium  was  separated  from  the  sacrum  at  the 
sacro-iliac  joint.  The  upper  end  of  the  femur  was  also  resected.  Four  years 
later  this  patient  was  living  and  able  to  do  light  agricultural  work. 

When  a  tumor  growth  is  confined  to  the  crest  of  the  ihum  only  a  corre- 
sponding resection  of  the  bone  will  be  needed.  The  incision  recommended  by 
Sprengel  for  exposure  of  the  hip  joint,  or  a  modification  of  this  incision,  wiU  be 
well  adapted  to  most  cases  of  excision  of  the  innominate  bone. 

Excision  of  the  Coccyx.^Excision  of  the  coccyx  is  done  for  coccygodynia 
and  for  fracture  of  the  coccyx.  The  eperation  is  simple  and  exposes  the  pa- 
tient to  no  dangers.  The  patient  is  placed  on  one  side  and  a  longitudinal  in- 
cision is  made  down  to  the  bone.  The  lateral  connections  of  the  bone  are  first 
di\ided,  the  bone  is  then  seized  with  bone  forceps,  and  enucleation  is  com- 
pleted. Hemorrhage  is  accurately  arrested  and  the  wound  closed  without 
drainage. 

Excision  of  the  Knee  Joint. — Indications. — Excision  of  the  knee  is  indi- 
cated in  the  following  conditions:  (1)  tuberculosis;  (2)  suppurative  arthritis 
that  has  not  yielded  to  drainage;  (3)  osteoarthritis;  (4)  ankylosis;  (5)  old, 
neglected  infantile  paralysis;  and  (6)  injury  from  gunshot  wound  and  other 
causes. 

(1)  Tuberculosis  of  the  knee  undoubtedly  furnishes  the  most  frequent  indi- 
cation for  excision  of  this  joint;  yet  it  should  at  the  same  time  be  stated  that 
a  very  great  difference  of  opinion  prevails  as  to  the  precise  application  and 
hmitations  of  the  method.  With  the  advent  of  aseptic  surgery,  tuberculous 
joints  were  attacked  with  great  frequency;  but  a  positive  reaction  followed 
the  reports  of  statistics  that  showed  results  less  satisfactory  than  those  collected 
for  the  conservative  treatment;  aud  the  operation  has  been  much  less  fre- 
quently performed  during  the  past  decade.  At  the  present  time  we  find  an 
increasing  tendency  to  return  to  an  operation  which  completely  removes  all 
diseased  tissue,  and  restores  a  patient  to  health  in  a  much  shorter  period  than 
is  possible  under  the  most  favorable  conditions  of  rest  and  en\'ironment.  This 
general  change  in  att'tude  toward  the  procedure,  and  more  especially  the  dif- 
ference in  opinion  regarding  the  choice  of  method  to  be  apphed  in  any  given 
case,  call  for  a  consideration  of  the  questions  involved.  The  first  question 
that  arises  pertains  to  the  primary  danger  of  the  operation  and  the  danger  of 
incomplete  removal  of  all  diseased  tissue.  The  primary  danger  of  such  an 
operation,  done  under  a  perfect  aseptic  technique,  is  very  slight  in  properly 
selected  cases.     Then  again,  the  danger  that  tuberculous  material  may  be  left 
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behind  has  been  so  greatly  reduced  by  the  development  of  a  technique  which 
devotes  itself  to  a  most  rigid  and  accurate  removal  of  all  tuberculous  tissue  in 
and  about  the  joint,  that  the  probabilities  of  complete  eradication  of  the  disease 
have  been  greatly  improved.  This  conclusion  seems  so  well  founded  that  the 
author  believes  that  statistics  regarding  recurrence,  which  have  been  based  upon 
cases  treated  by  previous  methods  of  excision,  cannot  be  given  a  decisive  value 
in  the  argument.  As  a  matter  of  fact,  many  of  the  operations  forming  the  basis 
of  such  statistics  have  not  been  complete,  and  many  of  the  recurrences  which 
are  reported  would  not  have  taken  place  if  an  accurate  and  thorough  dissection 
of  the  joint  had  been  made.  A  curette  which  at  first  has  a  sharp  edge  very 
soon  becomes  a  dull  curette,  and,  even  when  sharp,  it  is  very  likely  either  to 
leave  tuberculous  material  behind  or  to  crush  tubercle  bacilli  into  uninvaded 
tissues  that  are  left.  The  use  of  sharp  knives  for  both  the  soft  tissues  and  the 
bone  will  obviate  to  a  large  degree  this  danger  of  recurrence. 

It  may  therefore  be  stated  that  both  the  primary  dangers  of  the  operation 
and  the  dangers  of  recurrence  have  been  so  greatly  reduced  by  sharp  dissec- 
tion that  neither  furnish  serious  counter-indications. 

The  age  of  the  patient  is  a  factor  of  importance  in  the  decision.  Young 
states  that  "excision  is  an  operation  to  be  performed  only  in  adult  life  when 
we  wish  to  obtain  bony  ankylosis  and  wish  to  avoid  the  long  tedious  disability 
incident  to  conservative  treatment.  It  is  practically  never  performed  dur- 
ing childhood,  on  account  of  the  great  shortening  which  results  from  removal 
of  the  epiphyses."  The  importance  of  preserving  the  epiphysis  in  all  cases  is 
apparent,  and  particularly  before  the  age  of  fifteen.  A  consideration  of  the 
•epiphysis  at  the  knee  possesses  special  importance,  since  the  lower  epiphysis  of 
the  femur  and  the  upper  epiphysis  of  the  tibia  are  the  chief  points  of  growth  in 
these  bones.  This  one  point,  therefore,  will  lead  us  to  choose  the  non-operative 
course  as  a  rule  in  children;  yet  many  cases  will  arise  which  demand  operative 
treatment,  and  it  is  important  to  remember  that  such  operative  treatment  may 
be  applied  without  serious  disturbance  of  the  epiphyseal  line.  Arthrectomy 
and  atypical  excision  have  therefore  largely  replaced  typical  excision  in  children. 
The  dictum  remains,  however,  that  children  should  be  treated,  as  a  rule,  by 
non-operative  means. 

The  social  rank  of  the  patient  has  become  almost  the  controlling  factor  in 
decidmg  as  to  the  propriety  of  excising  the  knee — a  fact  which  is  briefly  and 
forcibly  expressed  by  Jacobson  when  he  says:  "Excision  of  the  knee  being 
almost  unknown  in  private  practice,  it  is  needless  to  remark  that  this  account 
of  the  operation  refers  almost  entirely  to  hospital  patients."  The  well-to-do 
will  usually  obtain  a  very  early  diagnosis,  they  can  command  time,  diet,  and 
environment,  and  a  tuberculous  lesion  will  rarely,  in  this  class  of  patients, 
go  on  to  the  destructive  stage  which  demands  operation.  With  the  financially 
less  fortunate,  however,  it  is  an  entirely  different  story.     The  poor  patient  can 
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ill  afford  to  lose  two  or  three  months,  much  less  as  many  years,  away  from  work, 
and,  if  the  patient  is  a  child  of  poor  parents,  the  requirements  of  the  case  are 
to  a  hke  degree  inaccessible.  Such  patients  pass  from  chnic  to  clinic,  or  from 
one  physician  to  another,  are  treated  by  badly  fitting  splints  or  apparatus, 
never  have  the  advantages  of  diet  or  suitable  chmate,  and  are  required  to  be 
on  their  feet  far  too  great  a  part  of  the  time.  Under  these  conditions  the 
patient  is  sometimes  fortunate  enough  to  secure  an  arrest  in  the  process  or 
even  a  cure,  yet  the  chances  are  very  much  more  in  favor  of  continued  prog- 
ress of  the  disease,  with  destruction  of  the  important  joint  elements,  repeated 
recurrences  of  acute  trouble  in  a  quiescent  joint,  or  a  generahzation  of  the 
infection.  An  excision  or  an  erasion  done  at  an  early  stage  in  such  patients 
will  reduce  the  period  of  treatment  to  as  many  months  as  would  otherwise 
have  been  required  in  years.  It  subjects  the  patient  to  but  slightly  increased 
risk  and  gives  good  promise  of  complete  cure  and  a  valuable  extremity.  The 
very  best  ad\'ice  that  can  be  given  to  a  poor  patient  would  therefore  seem  to 
be  a  preliminary  period  of  a  few  weeks  or  months  of  immobihzation ;  and,  if 
such  treatment  is  clearly  impracticable,  or  if  definite  improvement  is  not  noted, 
excision  or  erasion  should  be  done.  The  follo^^■ing  opinion  of  Mr.  Howse  re- 
garding the  stage  of  the  disease  at  which  excision  should  be  done  will  be  of 
value  in  the  decision.  This  operation  may  be  done  in  the  following  classes 
of  cases:  "(1)  Cases  in  which  the  disease  has  advanced  so  far  as  to  cause 
flaking  of  the  articular  cartilage  or  grating  in  the  movement  of  the  joint,  whether 
suppuration  be  present  or  no.  (2)  Cases  in  which  backward  displacement  of 
the  tibia  has  taken  place.  (3)  All  cases  of  over  six  months'  duration,  in  which 
there  is  reason  to  beheve  that  the  disease  has  started  in  an  epiphyseal  osti- 
tis. (4)  Cases  of  extensive  suppuration  in  the  joint  starting  from  pulpy  mis- 
chief. (5)  Cases  in  which  the  pulpy  infiltration  of  the  synovial  membrane  has 
advanced  to  any  considerable  degree  over  the  articular  cartilage.  (6)  Cases 
in  which  pulpy  infiltration  has  extended  beyond  the  capsular  Ugament  to  the 
crucial  Ugaments  and  semilunar  cartilages."  It  may  be  further  stated  that 
a  very  rapidly  developing  case,  or  a  case  in  which  a  non-operative  course  re- 
sults in  neither  local  nor  constitutional  improvement,  will  likewise  demand 
operation, 

(1)  The  decision  does  not  always  lie  between  excision  and  the  expectant  treat- 
ment, since  the  question  of  amputation  may  intrude.  Amputation  should  be 
entertained  when  extensive  infiltration  and  disorganization  of  the  soft  tissues 
of  the  region  have  taken  place  and  when  the  bone  is  clearly  diseased  for  a 
considerable  distance  above  or  below  the  joint.  Great  debihty  of  the  patient, 
extensive  pulmonary  involvement,  or  simultaneous  involvement  of  many  joints 
may  likewise  call  for  amputation;  yet  bone  or  joint  disease  elsewhere,  while 
not  prohibiting  amputation  or  multiple  excision,  should,  for  apparent  reasons, 
lead  to  a  very  careful  consideration  of  all  the  aspects  of  the  question.     If  the 
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condition  of  the  patient  permits,  consecutive  resections  should  be  performed. 
The  existence  of  a  slight  or  moderate  pulmonary  lesion  is  not  a  counter-indica- 
tion to  excision. 

A  final  point  to  be  considered  in  the  decision  for  or  against  excision  is  the 
future  value  of  the  limb.  This  can  be  very  briefly  discussed  by  stating  that 
after  excision  of  the  knee,  with  good  recovery,  a  patient  can  not  only  walk 
without  other  support,  but  he  can  often  walk  as  far  and  as  well  as  before  the 
operation.  The  degree  of  limping  will  depend  entirely  upon  the  shortening, 
and  it  is  remarkable  to  note  how  entirely  some  patients  with  slight  shorten- 
ing succeed  in  hiding  a  limp.  The  manufacturers  of  artificial  limbs  have  de- 
veloped excellent  substitutes  for  amputated  lower  limbs,  yet  an  apparatus  of 
this  sort  does  not  commonly  compare  in  usefulness  and  desirability  with  a  much 
shortened  leg  and  foot.  The  patient  is  usually  better  satisfied,  often  more 
agile,  and  perhaps,  most  important  of  all,  he  is  not  dependent  upon  an  instru- 
ment maker, 

(2)  In  suppuration  of  the  knee  joint  prompt  and  efficient  drainage  will 
usually  result  in  a  cure,  yet  cases  will  be  encountered  in  which  the  general 
symptoms  do  not  abate  and  the  joint  shows  signs  of  disorganization  and  caries. 
In  such  cases  complete  excision  may  be  required.  Such  conditions  are 
sequels  of  pyjjemia,  infective  arthritis,  etc. 

(3)  In  severe  osteo-arthritis  involving  one  knee  and  occurring  in  patients 
under  forty  years  of  age,  a  typical  excision  should  give  a  very  useful  limb. 
When  possible,  however,  an  atypical  excision  should  be  made  as  a  part  of  an 
arthroplastic  operation  undertaken  for  the  purpose  of  restoring  a  limited  mo- 
tion to  the  joint. 

(4)  Bony  ankylosis  of  the  knee  usually  occurs  in  a  flexed  position  and 
requires  some  operation  which  will  place  the  limb  in  a  better  weight-bearing 
position.  Authorities  are  not  in  accord  as  to  the  best  method  of  treating  the 
condition.  Complete  excision,  osteotomy  at  or  above  the  point  of  ankylosis, 
and  arthroplasty  are  the  measures  to  be  considered.  Complete  excision  in- 
volves the  removal  of  a  sufficient  wedge  of  bone  to  place  the  leg  in  either  a 
perfect  line  with  the  axis  of  the  femur  or  questionably  at  a  very  slight  angle  of  flex- 
ion. Care  should  be  taken  to  remove  sufficient  bone  to  permit  of  easy  extension 
without  tension  on  the  soft  tissues  that  lie  behind  the  joint.  A  wedge  of  bone 
sufficiently  large  to  accomplish  this  will  almost  certainly  invade  the  epiphyses 
in  children.  Jacobson  advises  strongly  against  excision  and  recommends  either 
di\'ision  of  the  line  of  bony  union  with  an  osteotome,  first  from  one  side  then 
from  the  other,  or,  in  cases  where  the  soft  parts  are  strongly  contracted,  a 
double  osteotomy  of  the  femur  and  of  the  tibia.  This  is  advised  as  a  very 
much  less  extensive  operation  than  excision  and  very  much  less  likely  to  re- 
sult in  subsequent  interference  with  the  growth  of  the  limb.  Arthroplasty  is  the 
ideal  operation  (see  page  372)  and  should  be  performed  whenever  practicable. 
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(5)  In  certain  cases  of  old  neglected  infantile  paralysis  of  a  lower  ex- 
tremity, particularly  in  those  who  are  too  poor  to  command  suitable  apparatus, 
an  excision  of  the  knee,  which  removes  only  a  very  thin  slice  from  both  the 
femur  and  the  tibia,  will  greatly  improve  the  value  of  flail  Umbs.  The  ankle 
joint  should  be  excised  first,  then  the  knee.  The  stability  of  the  apposition 
of  the  divided  surfaces  will  be  greatly  aided  by  wiring  the  bones  together. 

(6)  Gunshot  woimds  and  injuries  from  other  causes  may  furnish  a  positive 
indication  for  excision.  The  decision  is  difficult  in  these  cases  and  will  depend 
upon  the  special  conditions  encountered.  From  the  early  dictum,  which  de- 
manded primary  amputation  for  every  gunshot  wound  of  the  knee,  surgical 
opinion  has  now  passed  to  the  opposite  extreme,  particularly  in  military  prac- 
tice. (See  article  on  Gunshot  Wounds,  in  Vol,  II.)  When  the  bone  is  pri- 
marily seriously  spliutered  and  fragments  of  some  size  are  broken  ofi",  a  primary 
typical  resection  with  drainage  should  be  done.  When  suppuration  supervenes, 
ia  the  course  of  a  conservath-e  plan  of  treatment,  and  seems  to  extend  in  spite 
of  irrigation  and  drainage,  a  typical  excision  should  be  done  for  the  purpose 
of  securing  good  drainage. 

The  same  reasoning  should  be  foUowed  with  cases  of  compound  fracture  of 
the  knee. 

Anatomical  Factors. — Here,  as  in  other  joints,  the  success  of  the  operation 
will  depend  upon  an  accurate  knowledge  of  the  anatomy.  There  is  no  point  in 
the  anatomy  of  the  joint  which  equals  in  importance  the  epiphyseal  lines  of  the 
femur  and  tibia.  These  two  lines  represent  the  chief  points  of  development  in 
each  bone,  and  their  close  proximity  to  the  joint  surfaces  brings  them  at  all  times 
within  the  danger  line  in  excision.  Their  location  is  well  shown  in  Fig.  238  (a 
skiagram  redrawn).  Bryant  states  that  iu  a  child  of  eight  years  of  age  no  more 
than  two-fifths  of  an  inch  can  be  removed  from  the  tibia,  nor  more  than  three- 
fifths  of  an  inch  from  the  femur,  without  interfering  with  the  epiphyseal  lines. 

The  arrangement  of  the  Hgaments  of  the  knee  is  so  well  shown  in  Figs.  239 
and  240  that  a  detailed  description  in  unnecessary';  yet  it  seems  wise  to 
call  attention  to  the  functional  importance  of  the  anterior,  the  posterior,  and 
the  crucial  ligaments.  Tlie  great  importance  of  anterior  support  and  the 
power  of  extension  is  well  illustrated  by  the  disabihty  which  follows  fracture 
of  the  patella.  During  extension  the  tendon  of  the  quadriceps  extensor,  the 
sesamoid  patella,  and  the  hgamentum  patellse  furnish  the  main  anterior  sup- 
port of  the  knee;  yet  they  are  not  the  sole  anterior  support,  as  is  sometimes 
shown  by  the  fact  that  the  reunion,  by  suture  of  the  patella,  does  not  give  a 
complete  result.  The  lateral  expansion  of  the  quadriceps  often  requires  re- 
pairs. This  point  should  be  bome  in  mind  in  operations  upon  the  knee  joint. 
If,  however,  in  this  repair  much  shortening  be  caused  by  the  lateral  expan- 
sion, subsequent  flexion  is  hindered  for  a  time  at  least.  The  posterior  ligament 
is  likewise  very  strong  and  it  is  essential  that  the  hgament  should  be  left  to 
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inhibit  overextension.  Its  destruction  by  disease  may  furnish  an  indication 
for  complete  resection.  The  crucial  ligaments  have  a  corresponding  significance 
as  regards  stability  and  subsequent  motion,  and  are  shown  in  Fig.  239.  The 
synovial  membrane  of  the  joint  presents  such  unique  irregularities,  and  side 
pockets  are  so  numerous,  that  a  very  careful  study  of  its  arrangement  is  neces- 
sary. Fig.  241  shows  with  great  clearness  the  facts  of  importance  in  this 
respect.     It  is  apparent  at  a  glance  that  such  a  degree  of  synovial  expansion 


Fig.  238. — Resection  of  Knee,  Showing   Epipliyses.     (Skiagram    redrawn.)     aa' ,  Transverse  incision 
through  the  patella,  from  condyle  to  condyle;  6,  Langenbeck's  incision;  c  and  d,  sites  of  bone  section. 


presents  unusual  difficulties  both  in  drainage  and  as  regards  the  complete  re- 
moval of  diseased  synovial  membrane.  The  dependent  posterior  portion  of 
the  cavity  very  evidently  cannot  be  drained  by  tubes  placed  beneath  the 
patella.  The  bursa  of  the  popliteus  muscle  communicates  with  the  joint  and 
sometimes  likewise  with  the  superior  tibio-fibular  articulation.  This  fact  im- 
poses upon  the  surgeon  unusual  care  in  operative  interference  with  the  latter 
articulation  The  size  and  position  of  the  quadriceps  bursa  present  consider- 
able variation,  both  in  different  individuals  and  in  different  positions  of  the 
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limb.  It  reaches  its  highest  point  in  a  position  of  extension,  while  in  marked 
flexion  it  extends  very  little  above  a  line  marking  the  anterior  limit  of  the  artic- 
ular cartilage  of  the  femur. 

The  position  of  articular  and  muscular  structures  in  the  region  of  the  joint 
is  of  evident  importance.  The  popliteal  vessels  lie  so  closely  in  contact  with 
the  posterior  ligaments  of  the  knee  joint  that  the  location  of  the  artery  in 
particular  should  be  considered  whenever  tuberculous  infiltiation  of  the  liga- 
mentous structures  demands  their  removal.     This  danger  is  greatly  increased  in 


Fig.  239. — Right  Knee  as  Seen  from  in  Front.  (After  Spalteholz.)  a,  Posterior  crucial  liga- 
ment; h,  inner  epicondyle;  c,  inner  condj'le  of  femur;  d,  lateral  tibial  ligament;  e,  inner  meniscus; 
/,  transverse  ligament;  h,  tuberosity  of  tibia;  i,  shaft  of  tibia;  p,  shaft  of  fibula;  o,  ligament  of  head 
of  fibula:  I,  anterior  crucial  ligament;  x,  lateral  fibular  ligament ;  z,  lateral  meniscus;  s,  outer  con- 
dyle of  femur;  y,  outer  epicondyle. 

the  presence  of  deformity,  and  in  such  cases  the  dissection  should  be  done 
without  a  tourniquet,  in  order  that  the  dissection  may  be  aided  by  evidences  of 
pulsation  of  the  vessel.  The  articular  arteries  should  be  avoided  because  of 
the  annoyance  of  hemorrhage.  The  superior  internal  and  external  arteries 
pass  above  the  respective  condyles  of  the  femur.  The  inferior  internal  artery 
passes  below  the  tuberosity  of  the  tibia  and  beneath  the  internal  lateral 
ligament,  while  the  inferior  external  artery  passes  directly  over  the  head  of  the 
fibula  and  likewise  beneath  the  external  lateral  ligament. 
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Operative  Methods. — The  Operation  of  Non-sub  periosteal  Excision. — The 
extremity  is  elevated  for  a  few  minutes  to  permit  of  venous  outflow,  and  a  tourni- 
quet is  then  appHed.  The  knee  is  now  flexed  to  a  right  angle  with  the  foot 
on  the  table,  and  any  one  of  three  incisions  may  be  used  to  expose  the  joint. 
The  writer  prefers  an  incision  which  begins  just  over  and  posterior  to  the  inner 


FxG.  240. — Right  Knee  Joint  as  Seen  from  Behind.  (After  Spalteholz.)  a,  Shaft  of  femur; 
6,  plantaris  muscle  and  outer  head  of  gastrocnemius  muscle  cut  through;  c,  external  lateral  ligament; 
d,  ligamentum  popliteum  arcuatum ;  c,  retinaculum  ligamenti  arcuati ;  /,  popliteus  muscle  (cut  through) ; 
h,  head  of  fibula;  /,  tibia;  I,  tendon  of  adductor  magnus  muscle  (cut  through);  r,  inner  head  of  gas- 
trocnemius muscle  (cut  through);  t,  oblique  popliteal  ligament;  y,  tendon  of  semi-membranosus 
muscle  (cut  through) ;  z,  popliteus  muscle  (cut  through). 

condyle  and  extends  directly  across  the  middle  of  the  patella  to  a  corresponding 
point  on  the  opposite  side  {aa',  Fig.  238).  This  incision  divides  the  skin  and 
subcutaneous  tissue.  The  lateral  expansion  of  the  quadriceps  tendon  is  now 
divided  along  the  same  line,  thus  opening  the  joint,  first  on  one  side,  in  order  to 
confirm  the  diagnosis,  then  on  the  other  side  as  well.  The  tendinous  aponeu- 
rotic fibres  on  the  anterior  surface  of  the  patella  are  then  divided  with  a  sharp 
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knife,  and  the  patella  is  sawed  through  transversely.  The  joint  is  now  freely 
opened,  and  retraction  of  the  patellar'  fragments  upward  and  downward,  to- 
gether Viith.  acute  flexion  of  the  knee,  will  expose  the  joint  to  quite  accurate 
inspection.  Practically  the  same  exposure  of  the  joint  may  be  obtained  by  a 
curved  incision  either  above  {dd',  Fig.  242)  or  below  the  patella.    The  low^er  in- 


FiG.  241. — Knee  Joint,  Showing  the  Sj-novial  Cavity  and  all  Adjacent  Bursae  Injected,  then  Dis- 
sected Out.  (After  Spalteholz.)  a,  Tendon  of  quadriceps  femoris;  b,  suprapatellar  bursa;  c,  cavity 
of  joint ;  d,  patella ;  e,  subcutaneous  prepatellar  bursa ;  /,  semilunar  cartilage ;  x,  patellar  ligament ; 
y,  deep  infrapatellar  bursa;  z,  tuberosity  of  tibia;  t,  shaft  of  tibia;  s,  head  of  fibula;  r,  bursa  of  pop- 
liteus  muscle;  o,  lateral  fibular  ligament;  I,  outer  epicondyle;  h,  shaft  of  femur. 


cision  begins  likewise  over  one  condyle,  curves  downward  below  the  patella, 
and  ascends  to  the  opposite  condyle.  Tlie  capsule  and  hgamentum  patellae 
are  divided  along  the  same  line,  and  this  flap  containing  the  patella  is  reflected 
upward.  In  the  upward  incision  the  convexity  of  the  ciu^'^e  is  upward.  The 
deep  incision  diAides  the  quadriceps  just  above  the  patella  tendon,  and  the 
patella  is  reflected  dowTiward. 
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The  crucial  ligaments,  if  not  already  destroyed  by  disease,  are  now  divided, 
and  the  incision  is  extended  laterally  in  such  a  manner  as  to  give  easy  pro- 
trusion of  the  bones  from  the  wound.  If  the  tissues  are  not  diseased,  a  sub- 
periosteal separation  of  the  attachments  of  the  lateral  ligaments  should  be  made. 
The  posterior  tissues  are  now  retracted  by  a  strip  of  gauze,  and  the  femur  is 


Fig.  242. — -Incisions  for  Various  Resections,  ae,  Ollier's  incision  for  resection  of  the  knee; 
dd',  lower  curved  incision  for  resection  of  knee;  b,  incision  for  resection  of  femur;  c,  incision  for 
resection  of  fibula;  t,  flap  of  skin  and  periosteum  flap  for  excision  of  limited  area  of  necrosis  in  tibia. 
Flap  is  depressed  and  nailed  into  cavity  after  operation. 


sawed  across  at  right  angles  to  the  long  axis  of  the  bone.  (Fig.  243.)  The 
tibia  is  then  pushed  upward,  and  its  articular  surface  is  sawed  off.  (Fig.  244.) 
The  exact  position  of  this  saw  line  in  both  bones  will,  in  children,  be  governed 
chiefly  by  the  location  of  the  epiphyseal  line,  and  in  adults  mainly  by  the  ex- 
tent of  the  disease.  The  primary  excisions  may  prove  to  be  insufficient  to 
remove  all  disease,  whereupon  either  a  second  slice  is  removed  or  the  remain- 
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ing  foci  are  to  be  excised.  The  presence  of  a  focus  of  disease  in  one  condyle 
is  by  no  means  an  indication  for  higher  division  of  bone.  The  von  Mosetig- 
Moorhof  method  of  plugging  bone  ca^^ties  with  an  iodoform  mass  (Vol.  I.,  p. 
724)  has  opened  up  a  wide  field  for  conservative  atypical  resections,  and  it  is 
now  possible  in  a  great  many  cases  to  make  the  saw  line  in  the  position  of 
choice,  as  regards  function  of  the  epiphyseal  line,  and  to  gouge  or  cut  out  any 
small  focus  that  may  be  left.  This  excision  of  foci  should  be  done,  as  far  as 
possible,  with  a  sharp  heaAy-bladed  knife,  and  not  %\'ith  a  curette.  When 
the  bone  ends  have  been  excised,  a  free  field  is  presented  for  the  removal  of 
diseased  soft  tissues.  In  tuberculosis,  this  dissection  should  be  done  in  a 
methodical  manner  with  a  very  sharp  knife.    Any  one  starting-point  may  be 


Fig.  243.— Resection  of  the  Knee.     (From  Bryant's  "Operative  Surgen,  ■")     The  joint  ca%-ity  has  been 
completely  exposed  by  a  horseshoe-shaped  incision  which  curves  downward  below  the  patella. 

chosen;  then  the  entire  sjTiOAdal  membrane  should  be  removed  in  such  a  syste- 
matic manner  that  there  vnH  be  no  need  of  returning  to  any  spot  for  the  pur- 
pose of  completing  the  dissection.  During  the  removal,  caution  should  be 
exercised  so  as  not  to  infect  the  open  ends  of  the  exposed  Haversian  s}'stems, 
and  in  some  instances  it  will  be  wise  to  dissect  away  the  disease  as  far  as  pos- 
sible before  sawing  the  bone.  When  an  erosion  of  bone  presents  itself,  a  hea^y 
knife  should  be  used  to  shave  off  all  suspicious  bone  tissue.  All  sinuses 
should  Ukewise  be  excised.  When  the  dissection  has  been  completed,  the 
field  should  be  flushed  with  salt  solution  and  wiped  dry:  and  then,  if  the  opera- 
tion has  been  done  for  tuberculous  disease,  the  entire  jomt  should  be  thor- 
oughly mopped  with  pure  carboHc  acid,  which  is  left  in  contact  with  the  tissues 
for  about  one  minute.    Alcohol  is  then  used  to  neutrahze  the  carbolic  acid,  and 
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the  wound  is  ready  for  closure.  The  bones  are  fastened  together  by  two  or 
three  heavy  twenty-day  chromicized  catgut  sutures  which  are  passed  through 
drill  holes,  abundant  drainage  is  placed  at  each  side,  and  the  capsule  of  the 
joint  is  closed  with  No.  2  or  No.  3  plain  catgut  sutures.  The  closure  of  the 
capsule  is  important  and  should  be  accurately  done.  In  suturing  the  patella 
it  is  not  necessary  to  drill  the  bone,  since  the  firm  tissues  at  either  border  and 
on  the  anterior  surface  furnish  sufficient  body  for  very  firm  and  accurate  su- 
turing.    The  wound  is  now  dressed  and  the  joint  is  immobilized  by  a  plaster- 

of -Paris  splint  applied  in  the  manner  shown 
in  Fig.  245.  The  tourniquet  is  removed 
either  before  the  wound  is  closed  or  after 
the  dressings  have  been  applied.  The 
former  method  is  safer  unless  surgical  aid 
is  at  hand  in  case  of  hemorrhage.  The 
construction  of  the  splint  (except  as  re- 
gards the  two  strips  of  hoop  iron  incor- 
porated posteriorly)  and  the  method  of 
suspension  are  sufficiently  explained  by 
a  reference  to  the  illustration.  The 
strips  referred  to  are  included  in  a  five- 
inch  strap  of  plaster,  made  by  superim- 
posing a  sufficient  number  of  layers  of 
plaster-gauze  bandage,  and  they  give  effi- 
cient reinforcement  to  the  posterior  sup- 
port. These  patients  do  not  usually  suiter 
great  pain  after  operation  when  the  leg  is 
thus  swung  free  from  the  bed  and  removed 
from  possible  injury.  The  dressings  are 
usually  not  removed  for  five  days,  unless 
special  indications  arise,  and  the  subse- 
quent change  of  the  dressings  will  depend 
largely  upon  the  condition  of  the  joint  at 
the  time  of  operation.  If  the  joint  has  been  free  from  pyogenic  infection 
previous  to  operation,  the  drainage  wounds  will  require  very  little  or  no 
further  attention  and  will  heal  promptly;  otherwise,  there  may  be  a  continu- 
ation of  the  discharge  for  a  considerable  period. 

After  the  lapse  of  from  six  to  eight  weeks  bony  union  is  usually  secure  and 
the  patient  may  get  about  on  crutches,  but  immobilization  should  be  con- 
tinued for  a  much  longer  time.  (Edema  and  impaired  muscular  power  will 
persist  for  quite  a  long  period,  yet  the  patient  will  return  to  a  normal  state 
in  these  respects  quite  as  soon  as  it  is  wise  for  him  to  use  the  extremity  for 
weight-bearing  locomotion.    Cases  of  excision  for  tuberculosis  should  be  kept 


Fig.  244. — Resection  of  the  Knee.  (From 
Bryant's  "Operative  Surgery.")  Saw  in 
place  for  removal  of  the  articular  surface 
of  the  tibia. 
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under  very  careful  super\'isioii  for  a  considerable  period,  because  of  possible 
recurrence  at  some  point  of  incomplete  excision.  A  prompt  secondary  opera- 
tion will,  as  a  rule,  save  a  joint  that  might  otherwise  go  on  to  extensive  re- 
infection and  destruction  and  demand  amputation. 

Some  surgeons  have  taken  a  rather  indifferent  attitude  toward  the  fungous 
granulations  found  in  a  joint,  stating  that  they  will  either  undergo  absorption  or 
break  down  into  caseous  material  and  be  discharged,  or  that  they  will  be  organ- 
ized into  useful  fibrous  tissue.  From  the  standpoint  both  of  pathological  rea- 
soning and   of   clinical   experience,   this   advice   would   seem   to   the   author 


Fig.  245. — Suspension  of  Lower  Extremity  after  Excision  of  the  Knee.  (Original.)  The  ex- 
tremity is  suspended  by  three  heavy  rubber  tubes  from  a  bar  placed  horizontally  over  the  bed.  The 
splint  is  interrupted  at  the  knee. 


dangerous.  A  conception  of  the  disease  which  places  it  in  the  light  of  a 
process  that  manifests  many  characteristics  of  malignancy,  and  which  bases  the 
operation  upon  such  conception  of  the  disease,  would  seem  very  much  more  ra- 
tional. The  inveteracy  of  the  disease  should  not  be  lost  sight  of  for  one  mo- 
ment during  the  entire  course  of  the  operation,  and  the  dissection  should  be 
executed  with  the  same  care  to  effect  a  complete  removal  of  all  affected  tissues 
that  is  employed  in  the  removal  of  malignant  tumors.  A  failure  to  apply  such 
reasoning  has  undoubtedly  contributed  many  bad  results  and  has  done  much 
to  bring  the  correctness  of  this  operation  into  question. 

Subperiosteal  Excision  of  the  Knee  Joint.— Lang,enhec'k  describes  an  opera- 


448 


AMERICAN    PRACTICE   OF  SURGERY. 


tion  for  excision  which  presents  no  advantage  over  that  which  has  just  been 
described,  except,  perhaps,  that  the  anterior  structures  are  not  divided.  It 
has  the  disadvantage  of  presenting  much 'greater  technical  difficulties.  The 
transverse  incision  gives  such  excellent  exposure  of  the  joint,  and  bony  union 
of  the  patella  is  so  entirely  assured  after  resuturing  the  fragments,  that  there 
seems  little  reason  for  assuming  the  added  technical  difficulties  of  Langenbeck's 
method.  The  skin  incision  is  shown  in  Fig.  242.  The  skin  flap  is  reflected 
forward  and  the  capsule  divided  in  the  line  of  articulation.  The  resection  is 
completed  subperiosteally.  Small  openings  are  made  on  either  side  poste- 
riorly for  tube  drainage. 

Oilier  has  likewise  suggested  an  operation  for  subperiosteal  excision.     His 
incision  (ae.  Fig.  242)   commences  two  inches  above  and  to  the  outer  side 

of  the  patella,  descends  to  its  up- 
per outer  angle,  curves  around  the 
outer  border  to  the  apex,  then  de- 
scends vertically  along  the  outer  bor- 
der of  the  ligamentum  patellse  as  far 
as  its  insertion.  The  operation  is  con- 
tinued subperiosteally.  Operation  by 
an  anterior  vertical  incision,  which 
divides  the  quadriceps  tendon,  patella, 
and  ligamentum  patella;  longitudinally 
exactly  in  the  middle  line,  has  also  been 
suggested.  The  lateral  halves  of  the 
patella  are  retracted  and  the  ends  of 
both  bones  are  satisfactorily  exposed 
in  a  position  of  acute  flexion.  This 
incision  is  said  to  give  an  exposure  of 
the  joint  which  is  equal  to  that  given 
by  the  transverse  incision,  and  it  pos- 
sesses the  advantage  of  preserving  un- 
impaired the  anterior  support  of  the 
knee. 

Excision  of  the  Knee  without  Open- 
ing the  Joint. — Carleton  P.  Flint  {An- 
nals of  Surgery,  March,  1906)  describes 
an  operation  for  the  excision  of  tuber- 
culous joints  which  avoids  all  dangers 
of  smearing  tuberculous  or  pyogenic 
material  over  normal  tissues,  avoids  hemorrhage,  and  is  said  to  save  much 
time.  This  operation  was  first  described  by  Nicholas  Walkowitch,  Kiew, 
Russia,  in  the  journal  Wratch  (1896,  No.  31),  and  subsequently,  by  the  same 
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Fig.  246. — Excision  of  the  Knee  without  Open- 
ing the  Joint.  U-shaped  incision  in  quadriceps 
extensor;  internal  and  external  lateral  incisions 
in  fascial  expansions  of  quadriceps ;  transverse  in- 
cision over  head  of  tibia.  (Flint,  in  Annals  of 
Surgery,  March,  1906.)  a,  Skin  flap  turned  up; 
6,  quadriceps  extensor  tendon;  c,  exter'-al  lateral 
incision;  d,  joint;  c,  patella;  /,  transverse  incision ; 
g,  U-shaped  incision  in  muscle;  h,  internal  lateral 
incision;  i,  joint;  k,  tendon  of  patella;  /,  tubercle 
of  tibia. 


EXCISIONS   OF  BONES  AND  JOINTS. 


449 


b- 


d  .- 


author,  in  the  Deutsche  Zeitschrift  fur  Chirurgie  (Bd.  74,  1904).  The  opera- 
tion may  be  described — partly  in  the  author's  words  and  partly  in  our 
ovm — as  follows : 

A  rectangular  flap  of  skin  and  subcutaneous  tissue  is  first  dissected  up- 
ward, as  mdicated  in  Fig.  246.  Tlie  next  incision  is  made  in  the  deeper  tissues 
and  with  the  conca\'ity  upward.  It  star4;s  in  the  vastus  intemus,  a  little  above 
the  upper  limit  of  the  subcrural  bursa, 
and  is  carried  do'SMiward  and  outward  in 
the  direction  of  the  muscle  fibres  of  the 
tendon  of  the  quadriceps  extensor,  one- 
half  inch  above  the  patella,  and  from 
here  upward  and  outward  m  the  direc- 
tion of  the  fibres  of  the  vastus  extemus 
to  a  point  corresponding  to  the  begin- 
ning on  the  inner  side  (y,  Fig.  246). 
The  muscle  ^^'ith  the  tendon  is  com- 
pletely diAided  and  turned  upward,  thus 
exposing  to  ^'iew  the  subcrural  bursa 
(/,  Fig.  247).  Two  small  incisions  are 
next  made,  one  on  either  side  of  the 
femur;  they  start  on  each  side  of  the 
patella,  in  the  incision  just  described, 
and  are  carried  do^^'nward  and  back- 
ward to  the  joint  line  (h,  e,  Fig.  246), 
The  one  on  the  inner  side  di\ddes  the 
tendinous  expansion  of  the  quadriceps, 
while  that  on  the  outer  side  di\'ides  the 
tendinous  expansion  and  part  of  the 
ilio-tibial  band.  After  these  incisions 
have  been  completed,  the  subcrural  bursa 
is  separated  from  the  femur  with  the 
knife  and  turned  down,  the  patella  being  tilted  when  it  is  not  adherent.  The  last 
incision  in  front  is  carried  transversely  across  the  front  of  the  tibia  down  to  the 
bone,  just  below  the  joint  line  (/,  Fig.  246).  On  the  inner  side  the  sartorius  and 
the  gracilis  are  pushed  back;  on  the  outer  side,  the  biceps  and  peroneal  nerv'e. 

A  flat  retractor  about  one  inch  wide  is  now  introduced  on  the  inner  side 
behind  the  head  of  the  tibia,  close  to  the  joint  line  {h,  Fig.  247).  It  is  first 
introduced  vertically  between  the  gracilis  and  the  sartorius  on  one  side  and  the 
tibia  on  the  other.  These  muscles  are  pried  off  and  the  retractor  is  brought  to 
a  horizontal  plane,  the  apex  passing  behind  the  tibia.  Tliis  retractor  is  now 
pushed  outward,  always  close  to  the  bone,  until  it  emerges  at  the  outer  side. 
All  soft  parts  are  thus  held  back. 

A'OL.  IV. — 29 


Fig.  247. — Excision  of  Knee  without  Open- 
ing the  Joint.  Muscle  incisions;  bursa  turned 
down;  retractor  in  place;  saw  cutting  tibia. 
(Flint,  in  Annals  of  Surgery,  March,  1906.) 
a,  Retracted  skin  flap;  h,  femur;  c,  vastus 
extemus;  d,  subcrural  bursa;  e,  patella;  /, 
quadriceps  extensor  turned  up;  g,  vastus 
intemus;  h,  retractor  behind  tibia. 
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The  next  step  is  to  saw  through  the  tibia  as  close  to  the  joint  as  cir- 
cumstances seem  to  warrant,  the  leg  being  still  flat  on  the  table  and  the 
soft  parts  being  protected  by  the  retractor,  which  is  still  retained  in  place. 
(Fig.  247.) 

The  saw-cut  through  the  head  of  the  tibia  is  used  as  a  joint.  The  femur 
is  flexed  on  the  body,  and  the  leg  on  the  femur  (Fig.  248),  and  with  a  large 
knife  the  soft  parts  are  quickly  separated  from  the  posterior  structures  of  the 
joint.     By  a  little  downward  traction  on  the  leg,  combined  with  the  pull  of 

its  own  weight,  injury  to  the  vessels 
is  easily  avoided.  This  seems  to  be 
much  more  readily  accomplished  in 
this  manner  than  by  the  operation 
which  attacks  the  posterior  structures 
of  the  joint  from  the  anterior  aspect. 
One  has  at  least  a  better  sense  of  se- 
curity because  one  is  perfectly  sure  of 
the  relation  of  the  vessels  to  the  knife. 
As  soon  as  the  posterior  region  of 
the  condyles  is  exposed,  the  femur  is 
sawed  through  from  behind  forward 
and  slightly  downward  at  a  level 
which  will  permit  the  saw  to  clear 
the  cartilage  behind.  (Fig.  248). 
This  saw-cut  is  carried  forward  until 
it  reaches  the  margin  of  the  cartilage 
on  the  anterior  surface  of  the  femur, 
and  the  saw  is  then  withdrawn. 
The  direction  of  this  cut  should  be 
downward  and  forward  so  as  to  effect 
as  small  a  loss  as  possible  of  the  fiemur  and  also  to  obtain  the  desired  slightly 
flexed  position  of  the  bones  subsequently.  It  is  easy  to  be  deceived  as  to  the 
exact  position  of  the  cai*tilage  behind.  The  operator  should  examine  the  rela- 
tions of  the  parts  with  particular  care  at  this  stage  of  the  operation,  as  other- 
wise the  saw-cut  in  the  femur  may  be  made  too  high  up. 

After  the  saw  has  been  withdrawn  from  the  femur,  the  leg  should  once 
more  be  placed  in  the  horizontal  position.  The  saw  is  introduced  behind  the 
subcrural  bursa  at  the  upper  margin  of  the  articular  cartilage  on  the  front  of 
the  femur,  and  a  cut  is  made  which  will  meet  the  anterior  limit  of  the  hori- 
zontal saw-cut  that  was  made  from  behind.  (Fig.  249.)  This  last  cut  is  al- 
most vertical,  in  the  coronal  plane,  and  allows  the  articular  portion  of  the 
femur,  which  extends  upward  in  front,  to  lae  removed  with  the  joint.    ,. 

This  is  the  last  §tep  of  the  incision  proper,  for  it  is  now  possible  to  lift  out 


Fig.  248. — Leg  Flexed  on  Thigh;  Condyles  Ex- 
posed; Saw  in  Place  for  Section  of  Femur.  (Flint, 
in  Annals  of  Surgery,  March,  1906.)  a,  Tendon  of 
patella;  b,  lateral  cut  in  vastus;  c,  condyle  of 
femur;  d,  upper  section  of  tibia;  e,  line  of  joint; 
/,  condyle  of  femur;  g,  tibia;  h,  tendon  of  patella; 
i,  tuberosity  of  tibia;  k,  skin  flap  turned  back. 
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en  77iasse  all  the  structures  which  immediately  compose  the  joint  (the  patella, 
the  subcrural  bursa,  and  the  articular  surfaces  of  the  femur  and  tibia)  -vN-ith- 
out  ha\'ing  oi3ened  the  articular  cavity.  Up  to  this  point  a  tourniquet 
is  used,  but  now  it  is  removed  and  the  bleeding  points  are  quickly  clamj^ed 
and  tied,  thereby  reducing  the  hemorrhage  to  a  minimum.  Inasmuch  as  this 
part  of  the  o|Deration  takes  but  little 
time — in  fact  only  about  ten  minutes,  or 
even  only  six  minutes  in  easy  cases — we 
do  not  see  why  the  tourni([uet  might 
not  be  left  on  for  a  still  longer  time  and 
thus  insure  complete  hrcmostasis. 

Without  stopping  to  describe  the 
intermediate  steps,  which  present  no 
points  of  special  interest,  we  may  pass 
on  at  once  to  the  final  ones  of  the 
operation.  Dr.  Flint  unites  the  bones 
with  No.  4  chromicized  catgut,  six 
stitches  being  passed  directly  through 
the  bone  with  a  Hagedorn  needle  of 
large  curve.  (Fig  .250.)  It  is  usually 
mmecessary  to  bore  holes,  the  corti- 
cal portion  of  the  lower  part  of  the 
femur  and  upper  region  of  the  tibia 
being  so  thin  that  it  can  be  readily 
penetrated  by  a  needle.  The  needle 
goes  slowly  at  first  and  should  be 
held  in  the  holder  about  one  inch 
from  the  pomt,  so  as  to  prevent  it 
from  breaking. 

When  examination  of  the  cut  ends 
of  the  bones  reveals  such  an  amount  of 
disease  left  behind  as  to  render  curetting  inadequate  and  demand  removal  of 
another  piece  of  bone,  then  we  are  liable  to  get  into  the  region  where  the  cor- 
tex is  so  thick  as  to  make  this  method  of  suturing  impracticable.  In  such 
a  case  we  are  obliged  to  resort  to  the  use  of  a  drill. 

After  the  bone  has  been  sutured,  the  muscle  and  skin  flaps  are  turned  do\Mi 
and  sutured  in  place.  As  a  rule,  the  amount  of  retraction  in  the  rectangular 
skin  flap  about  compensates  for  the  shortening  due  to  resection,  and  conse- 
quently secondary  trimming  of  the  skin  is  not  necessary. 

There  are,  of  course,  extreme  cases — i.e.,  cases  \rith  either  very  little  tuber- 
culous disease  or  with  very  extensive  involvement — in  which  the  operation  just 
described  would  not  be  feasible. 


Fig.  249. —  Excision  of  the  Knee  without 
Oi>ening  the  Joint.  Leg  horizontal :  bursa  pulled 
down:  saw  in  place  to  remove  trochlear  sur- 
face of  femur.  (Flint,  in  Annals  of  Surgerii, 
March,  1906.)  a.  Femur:  6,  skin  flap  turned 
up;  r,  retractor;  d,  saw-cut  in  head  of  tibia; 
e,  bursa  turned  down;  /,  quadriceps  exten- 
sor. 


452 


AMERICAN   PRACTICE  OF  SURGERY. 


The  advantages  of  the  operation  may  be  summed  up  as  follows : 

1.  It  requires  very  little  time. 

2.  There  is  very  little  danger  of  contamination  of  the  wound  by  tubercu- 
lous or  other  infection  from  the  joint. 

3.  Hemorrhage  can  be  reduced  to  a  minimum. 

4.  The  operation  is  thorough,  there  being  but  slight  chance  of  leaving  dis- 
eased tissue  behind,  and  the  prob- 
ability of  recurrence  being  thereby 
diminished. 

General  Remarks  upon  Excision 
OF  THE  Knee  Joint.  —  When  a  hmb  is 
ankylosed  in  a  flexed  position,  an  effort 
should  be  made  to  straighten  it  by 
means  of  extension  before  operation. 
Resection  in  a  flexed  position  requires 
the  removal  of  a  large  amount  of 
bone  to  straighten  the  limb,  and, 
unless  a  requisite  amount  be  removed, 
always  subjects  the  posterior  soft 
tissues  to  the  danger  of  undue  press- 
ure or  tension  on  straightening  the 
limb.  Wliitman  has  advocated,  for  over- 
coming flexion  deformity,  a  method  of 
procedure  which  promises  to  be  of  ser- 
vice. The  patient  is  anaesthetized  and 
I)laced  face  downward  upon  a  table 
with  pillows  so  arranged  beneath  the 
abdomen  that  the  anterior  surface  of 
the  tibia  will  rest  evenly  upon  the 
table.  The  operator  then  holds  the 
head  of  the  tibia  firmly  against  the  ta- 
ble with  one  hand  and,  with  the  ulnar 
border  of  the  other,  begins  forcible  massage  upon  the  contracted  hamstrings. 
This  massage  is  begun  half  way  up  the  thigh,  and,  as  the  resistance  lessens, 
the  body  is  gradually  lowered.  In  contractures  of  long  standing,  with  sublux- 
ation, it  will  not  be  possible  to  complete  the  correction  at  the  first  operation. 
In  forced  extension  of  the  leg  under  these  circumstances,  care  should  be 
taken  not  to  overstretch  the  tissues  of  the  popliteal  space,  especially  the 
nerves  and  vessels.  Great  pain  attends  the  former  and  rupture  the  latter 
stretching. 

Reference  has  already  been  made  to  the  conservative  treatment  of  disease 
foci  which  extend  in  an  isolated  manner  into  the  sawed  extremity  of  the  femur 


Fig.  250. — Excision  of  the  Knee  without 
Opening  the  Joint.  Femur  and  tibia  approxi- 
mated; sutures  in  place.  (Flint,  in  Annals  of 
Surgery,  March,  1906.)  a,  Skin  flap  turned  up; 
b,  tendinous  expansion  of  vastus  externus;  c, 
vertical  cut  in  femur;  d,  tendon  of  patella;  e, 
muscle  flap  turned  up;  /,  femur;  g,  tendinous 
expansion  of  vastus  in ternus ;  h,  chromicized-gut 
sutures;  i,  tibia;  k,  tubercle  of  tibia. 
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or  tibia.  It  should  be  further  stated  that  deeph'  congested  cancellous  bone 
tissue  may  also  be  preserved,  especially  when  its  removal  will  endanger  the 
epiphyseal  line. 

Various  methods  have  been  suggested  for  holding  the  bones  together.  ^le- 
talHc  sutures,  bone  pegs,  and  nails,  driven  from  without  through  the  integu- 
ment and  bone,  are  efficient  in  many  cases  m  holdmg  the  sawed  surfaces  firmly 
together  and  may  be  used.  While  it  is  a  matter  of  the  greatest  importance 
to  retain  the  bone  surfaces  in  accurate  apposition  and  to  prevent  the  interpo- 
sition of  soft  tissues,  particularly  in  the  posterior  portion,  it  should  be  remem- 
bered that  the  use  of  all  such  de^'ices  is  open  to  the  objection  that  they  may 
cause  irritation  and  require  subsequent  removal.  If  the  position  can  be  main- 
tained by  the  use  of  absorbable  sutures  or  by  apparatus  alone,  this  course  is 
much  to  be  preferred.  The  author  uses  No.  3  or  No.  4  chromicized-catgut 
sutiu^es  for  holding  the  bones  in  accurate  position,  yet  his  chief  reliance  is 
placed  upon  an  accurately  fitting  splint.  Tlie  support  afforded  by  a  splint 
should  be  maintained  in  these  cases  for  a  much  longer  time  than  that  usually 
needed  in  the  treatment  of  fractures,  since  firm  organization  of  the  callus  is 
often  much  delayed  by  low  nutritional  conditions  in  the  bone  ends.  Great  care 
should  be  exercised  in  sawing  the  bone  surfaces  correspondingly,  otherwise  a 
crooked  limb  will  be  the  outcome  of  bony  apposition.  A  straight  limb  should 
be  the  aim. 

Tlie  causes  of  failure  after  excision  are:  (1)  Failure  in  remo\'ing  all  tuber- 
culous tissue.  (2)  Unhealthy  condition  of  the  bone  ends,  with  persistent 
osteomyelitis.  (3)  Im|3erfect  immobilization.  (4)  State  of  low  general  nu- 
trition which  makes  it  impossible  for  the  wound  to  heal.  (5)  Tuberculous 
infection  developing  in  other  parts  of  the  body.  (6)  Infection  by  pyogenic 
germs. 

Erasion  of  the  Knee  Joint. — Erasion  of  the  knee  joint  is  an  operation 
which  has  a  definite  field  of  application  in  the  treatment  of  tuberculous  joints. 
By  erasion  is  meant  a  systematic  removal  of  the  diseased  syno\'ial  membrane, 
diseased  ligaments,  and  superficial  disease  of  the  bones  and  cartilages  of  a 
joint.  It  is  used  as  a  substitute  for  excision  when  the  disease  is  limited  to 
these  structures,  and  it  possesses  the  folloA^-ing  advantages:  (1)  No  bone  slices 
ha\-ing  been  removed,  there  is  no  loss  in  the  length  of  the  limb.  The  sa^^ng 
of  normal  bone  ends  is  justified  b}-  clinical  experience,  which  shows  that  the 
weight-bearing  function  of  a  joint  treated  in  this  way  is  equal  to  that  of  an 
excised  joint.  (2)  Tliere  is  no  possible  danger  of  destroying  the  epiphyses. 
This  makes  of  it  the  operation  of  choice  in  children.  (3)  Motion  in  the  joint 
has  been  looked  upon  as  an  object  to  be  attained  by  this  method.  This  is 
probably  a  mistake,  and  many  of  the  imsatisfactory  results  which  have  been 
reported  as  following  tliis  treatment,  such  as  flexion  deformity,  are  doubtless  due 
to  an  effort  to  obtain  motion.    A  fixed  ankylosis  in  a  straight  position  should 
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be  sought.  (4)  The  hgaments  of  the  joint  are  preserved,  as  a  rule,  an  almost 
normal  stability  follows,  and  a  speedy  and'  firm  union  is  obtained.  (5)  If  the 
operation  is  performed  early,  the  patient  is  saved  both  destruction  of  tis- 
sue and  loss  of.  time.  In  the  case  of  children,  the  saving  of  bone  means  a 
great  deal. 

When  the  operation  was  proposed  by  Wright,  in  1881,  hopes  were  enter- 
tained that  relief  from  all  disease,  followed  by  motion  in  the  joint,  might  be  ac- 
complished in  a  fair  number  of  cases.  As  has  already  been  stated,  however, 
this  effort  to  secure  motion  defeated  the  proposition.  Efforts  to  secure  motion 
resulted  in  the  formation  of  a  fibrous  or  cartilaginous  synostosis,  usually  with 
slight  flexion,  and  this  flexure  was  progressively  increased  by  the  weight  of  the 
body.  The  very  frequent  occurrence  of  such  unfavorable  results  led  to  the 
abandonment  of  the  operation  in  very  large  measure.  This  objection  is  now 
removed  by  the  demonstration  that  erasion,  with  subsequent  immobilization, 
will  give  an  excellent  weight-bearing  limb,  one  that  has  little  tendency  to  flex- 
ion deformity.  The  author  has  operated  by  this  method  upon  six  cases  of 
synovial  tuberculosis  in  adults.  Five  of  these  cases  have  not  developed  a 
flexion  deformity;  all  have  recovered  from  the  tuberculous  disease;  and  all 
possess  good  weight-bearing  limbs.  One  of  these  cases  required  a  secondary 
operation  for  the  removal  of  a  small  remaining  focus.  The  sixth  case  was 
operated  upon  in  the  usual  way;  and,  after  the  lapse  of  an  entirely  inadequate 
period  of  time,  the  physician  who  had  originally  sent  in  the  case  for  opera- 
tion decided  that  the  sinuses  would  not  heal,  and,  possibly  unwisely,  he 
amputated  at  the  middle  of  the  thigh.  The  author  is  of  the  opinion  that  a 
secondary  operation  or  an  excision,  if  done  at  the  proper  time,  might  have 
saved  this  extremity. 

Synovial  tuberculosis  is,  in  the  author's  experience,  much  more  frequent 
than  has  been  recorded  by  other  observers,  and  it  has  not  seemed  to  him  wise  to 
remove  good  bone  ends  in  these  cases.  The  correctness  of  the  judgment  has 
certainly  been  borne  out  by  the  excellent  results  that  have  thus  far  been 
obtained. 

The  technique  of  the  operation  differs  in  no  way  from  that  already  described 
in  the  section  relating  to  excision,  except  that  the  bone  ends  are  not  re- 
moved. The  same  scrupulous  care  in  dissecting  away  diseased  tissue  should  be 
observed. 

Should  erasion  fail  to  cure  the  disease,  the  joint  is  undoubtedly  left  in  a  less 
satisfactory  condition,  anatomically,  for  excision  than  if  the  parts  had  not  been 
previously  operated  upon;  yet  this  is  true  of  any  secondary  operation.  Era- 
sion will  fail  because  of  incomplete  removal  of  tuberculous  material,  of  im- 
perfect asepsis,  or  of  such  a  lowered  condition  of  the  patient's  vitality  that  the 
wound  cannot  heal. 

I  will  close  by  adding  that  the  original  distinction  between  excision  and 
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erasion  has  in  a  very  large  measure  disappeared.  Tlie  modem  atypical 
operation  for  tuberculous  joint  disease  often,  if  not  usually,  partakes  of  the 
characters  of  both.  Tliere  are  many  cases  in  which  there  is  a  well-defined 
reason  for  adhering  strictly  to  one  method  or  the  other;  yet,  as  a  matter  of 
fact,  the  two  differ  only  in  the  circumstance  that  the  bone  ends  are  sawed  off 
in  an  established  way  in  the  one  operation,  and  are  merely  pared,  when  dis- 
eased, in  the  other  operation.  The  objects  to  be  attained  are  the  same  in 
both  operations,  namely,  a  complete  removal  of  diseased  tissue  and  a  stable 
stiff  knee. 

Excisions  of  the  Tibia. — Partial  or  total  resection  of  the  tibia  may  become 
necessary  for  necrosis,  for  an  injmy,  or  for  the  removal  of  a  tumor. 

Acute  osteomyelitis  attacks  the  tibia  with  great  frequency  and  often  re- 
sults in  the  destruction  of  small  or  large  segments  of  the  entire  diameter  of 
the  diaphysis.  One-third,  one-half,  or  even  the  entire  shaft  of  the  bone  may 
become  necrotic.  The  indications  for  the  removal  of  dead  bone  are  per- 
fectly clear,  for  recovery  cannot  otherwise  occur;  yet  a  serious  difficulty  arises 
in  the  treatment  from  the  fact  that  the  operation  of  resection  removes  the 
weight-supporting  shaft  of  the  leg.  The  chief  difficulties  in  the  operation  will 
therefore  relate  to  this  one  point.  Many  methods  have  been  suggested  for 
the  filling  of  the  defects  left  by  the  removal  of  dead  bone.  Bone  chips  have 
been  used  as  a  basis  for  regeneration,  and  the  bones  of  animals  have  been 
transplanted,  yet  neither  of  these  methods  has  proven  uniformly  successful. 
Amputation  should  certainly  never  be  considered  until  it  has  been  clearly 
demonstrated  that  subperiosteal  resection  or  fibular  transplantation  is  im- 
practicable. 

Much  may  be  done,  in  the  treatment  of  acute  osteomyelitis,  to  prevent  the 
extensive  destruction  of  bone  that  ^^•ill  demand  resection.  Prompt  drainage, 
by  operation,  of  both  the  soft  tissues  and  the  medullary  ca\ity,  will  usually 
result  in  a  strict  limitation  of  the  destruction  to  the  immediate  area  of  pri- 
mary infection.  Tliis  first  operation  is  never  extensive.  After  the  disease 
has  been  arrested  in  this  manner,  the  regenerative  powers  \Nill  promptly  assert 
themselves,  both  in  the  periosteum  and  in  the  endosteum,  and  at  the  end  of 
about  two  months  "the  periosteal  proliferation  and  ossification  will  have  ad- 
vanced to  a  stage  that  wiU  make  certain  the  bone-forming  ability  of  the  mem- 
brane, and  will  make  it  sufficiently  rigid  to  aUow  of  accm-ate  manipulation, 
without,  however,  the  ossification  being  so  advanced  as  to  produce  a  rigid  non- 
plastic  bony  tube."  (Nichols.)  The  time  at  which  this  stage  is  completed 
will  vary  somewhat  from  the  average  time  stated  above,  and  can  be  roughly 
estimated  by  thrusting  a  needle  through  the  periosteum  at  the  side  of  the 
sinus.  Wlien  the  needle  passes  first  through  soft  tissue,  then  through  a  thin 
crackling  layer  of  bone,  and  finally  encounters  the  hard  necrotic  shaft,  the 
desired  stage  of  regeneration  has  been  reached,  and  the  patient  is  ready  for 
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the  removal  of  necrotic  bone.  Nichols  has  fully  demonstrated  the  capacity 
of  this  hypertrophied  periosteum  to  regenerate  new  bone,  even  an  entire 
diaphysis. 

The  Operation. — An  incision  is  made  in  the  long  axis  of  the  bone  and  at  a 
point  where  the  bone  lies  near  to  the  surface.  This  incision  is  carried  down 
to  the  bone  through  the  periosteum,  and  this  membrane  is  separated,  with  the 
very  greatest  care,  from  both  sides  of  the  necrotic  shaft.  In  some  cases  nu- 
merous adhesions  will  be  encountered,  while  in  others  the  membrane  is  found 
to  be  so  loosely  attached  to  the  bone  that  separation  may  be  accomplished 
with  great  ease  until  the  posterior  border  is  reached.  If  one  end  of  the  shaft 
is  movable,  it  should  be  seized  and  lifted  with  lion-jaw  forceps,  thus  facili- 
tating the  posterior  dissection;  or,  if  neither  end  is  detached,  the  bone  should 
be  divided  at  the  most  practicable  point,  the  ends  lifted  up,  and  the  dissection 
then  completed.  Wlien  the  entire  shaft  is  not  involved,  the  line  of  demarca- 
tion will  be  indicated  by  the  condition  of  the  periosteum,  by  the  amount  of 
granulation  tissue  and  pus  located  between  the  periosteum  and  the  shaft,  and 
by  the  condition  of  the  marrow.  The  shaft  should  be  removed  until  a  point 
is  reached  where  the  periosteum  is  not  separated  from  the  bone,  and  where 
the  marrow  is  vascular  and  non-infected.  Fortunately,  as  a  rule,  the  epiphys- 
eal lines  are  not  invaded,  and  the  preservation  of  even  a  disc  of  bone  beyond 
this  line  will  insure  the  patient  against  future  shortening  from  arrested  de- 
velopment. 

After  the  bone  has  been  removed,  there  will  be  left  a  periosteal  tube  which 
is  pinkish  white  in  color,  plastic,  and  crackling  in  consistency.  The  surface 
should  be  wiped  di-y,  then  sterilized  with  pure  carbolic  acid,  and  afterward 
neutralized  with  alcohol.  The  periosteum  should  next  be  folded  together  in 
such  a  way  as  to  make  a  flattened  ribbon,  and  should  be  held  in  this  position 
by  chromicized-catgut  sutures.  The  wound  should  then  be  closed,  with  pro- 
vision for  drainage,  and  the  leg  carefully  immobilized.  In  about  three  weeks 
a  marked  induration  ^\^ll  be  felt  along  the  line  of  the  bone,  and  in  from  five 
to  eight  months  the  bone  will  have  regained  its  normal  size  and  can  be  used 
freely.  Minor  secondary  operations  for  persistent  sinuses  may  be  necessar}'  in 
some  cases.  The  after-treatment  includes:  (1)  Most  careful  immobilization; 
(2)  the  application  of  aseptic  dressings  at  frequent  intervals;  (3)  the  careful 
shaping  of  the  parts  with  bandages  and  adhesive  plaster  as  the  bone  develops; 

(4)  abstinence  from  use  of  the  limb  until  the  bone  is  sufficiently  strong;  and 

(5)  careful  attention  to  the  general  health. 

Excision  of  the  Tibia  for  Giant-celled  Sarcoma. — From  recent  facts 
brought  forward  by  Bloodgood,  Kramer,  and  Jenckel,  it  would  seem  that,  in 
giant-celled  sarcoma  of  the  tibia,  excision  of  the  tumor-bearing  segment  of  the 
bone,  or  a  partial  operation  which  does  not  destroy  its  continuity,  should  be 
substituted  for  amputation.     This  advice  applies  only  to  giant-celled  sarcoma 
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and  to  those  ca^s  in  which  the  new  gi'owth  has  not  infiltrated  the  soft  tissues. 
Several  cases  are  now  on  record  in  which  this  conservative  operation  has  been 
done  successfuUy;  the  patients  being  alive  and  well  several  years  after  the 
operation. 

Osteoplastic  Operations  ox  the  Tibia. — Compound  fractures,  gunshot 
wounds,  and  resection  for  tumors  will  sometimes  result  in  the  total  loss  of  all 
bony  and  periosteal  tissue  throughout  a  length  of  several  inches.  Under  these 
conditions  amputation  may  be  avoided  by  gi'afting  the  fibula  into  the  gap. 
Tlie  fibula  will  undergo  a  compensatory  hyi^ertrophy,  and  an  efficient  weight- 
l)earing  leg  will  be  secured. 

Excision  of  the  Fibula. — The  fibula  is  subject  to  the  same  lesions  that  have 
been  described  for  the  tibia,  and  precisely  the  same  measures  are  to  be  applied 
for  their  relief. 

Excision  of  the  Ankle  Joint. — A  considerable  difference  of  opinion  prevails 
as  to  the  value  of  excision  of  the  ankle  joint;  the  preponderance  of  opinion 
being  against  its  utility.  This  latter  opinion,  however,  applies  mainly  to  the 
use  of  this  operation  in  the  treatment  of  tuberculous  disease,  and  is  based 
upon  the  following  facts:  (1)  That  results  have  not  been  good  because  of  fre- 
quent associated  disease  in  the  tarsus;  (2)  that  the  final  usefulness  of  the 
ankle  is  not  good;  and  (3)  that  modern  prosthetic  apparatus,  for  use  after 
ankle  and  leg  amputations,  make  very  useful  limbs.  It  must  be  granted,  how- 
ever, that  those  operators  who  use  the  anterior  transverse  incision,  in  select 
cases,  and  who  execute  a  careful  dissection  of  all  diseased  tissue  under  these 
very  favorable  conditions  of  exposure,  are  less  inclined  to  dispute  the  value  of 
excision  of  the  ankle  for  tuberculosis.  All  ojDerators  agree  that  the  operation 
offers  a  more  promising  outlook  in  conditions  other  than  tuberculous  disease. 

The  indications  for  the  operation  are:   (1)  Compound  fractures;  (2)  dis- 
locations followed   by  suppuration:  (3)  suppurative  arthritis  which  has  not 
yielded  to  free  drainage;  (4)  advanced  cases  of  infantile  paralysis;  (5)  tuber- 
culous disease  occurring  in  yoimg  patients  and  limited  to  the  ankle  joint; 
(6)  bad  fracture  of  the  astragalus,  with  posterior  displacement. 

Anatomical  Considerations. — Tlie  complicated  structure  of  the  ankle  joint 
calls  for  a  close  study  of  the  position,  relationship,  and  function  of  each  ana- 
tomical element  in  its  neighborhood.  The  location  of  the  main  vessels  and 
nerves  behuid  the  iimer  malleolus  will  determine  the  location  of  the  main  incis- 
ions on  the  outside  of  the  joint.  Tlie  location  of  the  epiphysis,  the  position  of 
tendons,  and  the  expansion  of  the  s}iio\'ial  membrane  are  important  elements 
to  consider  in  planning  incisions  and  in  carrj'ing  out  a  dissection  for  disease. 

The  Operation. — When  the  operation  is  done  for  conditions  other  than 
tuberculosis,  two  lateral  incisions  are  used:  when  it  is  done  for  tuberculosis,  a 
transverse  incision  is  made  from  one  malleolus  to  the  other  across  the  front  of 
the  jomt. 
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Excision  by  Two  Lateral  Incisions. — The  extremity  is  elevated  to  drain  out 
venous  blood,  a  tourniquet  is  applied,  and  the  foot  is  laid  on  its  inner  side, 
firmly  supported  by  a  sand  bag.  An  incision  is  carried  downward  along  the 
lower  two  and  one-half  inches  of  the  posterior  border  of  the  fibula,  and,  at  the 
tip  of  the  malleolus,  it  is  inclined  forward  at  an  angle  and  terminates  within 
an  inch  of  the  base  of  the  fifth  metatarsal  bone  (a,  Fig.  251).  The  skin  flap 
thus  formed  is  dissected  forward  to  expose  the  fibula  and  the  peronei.  These 
muscles  are  pulled  to  one  side,  the  fibula  is  exposed  and  divided  with  a  saw 
two  inches  above  the  tip  of  the  malleolus,  and  the  fragment  is  removed  after 
the  external  lateral  ligament  has  been  divided.  This  wound  is  now  protected 
and  a  similar  incision  is  made  on  the  inner  side.  The  inner  incision  is  made 
along  the  lower  two  inches  of  the  inner  border  of  the  tibia,  and  then  carried 
downward  and  forward  to  the  projection  of  the  internal  cuneiform  bone  (b, 
Fig.  252).  This  flap  is  likewise  dissected  forward  in  such  a  manner  as  to  ex- 
pose the  tibialis  anticus,  the  tibialis  posticus,  the  flexor  longus  digitorum,  and 
the  flexor  longus  polHcis.  These  muscles  are  carefully  isolated,  the  knife  being 
kept  very  close  to  the  bone  in  order  to  avoid  injury  to  the  posterior  tibial 
vessels.  The  internal  lateral  ligament  is  now  divided,  and  the  articular  sur- 
faces of  the  tibia  and  astragalus  are  made  to  present  themselves  in  the  wound 
by  displacing  the  foot  outward.  A  metacarpal  saw  is  next  passed  through  the 
joint  from  the  inner  side,  and  a  slice  of  bone  is  removed — a  slice  just  thick 
enough  to  include  the  cartilage  or  the  eroded  bone.  A  similar  slice  is  then  re- 
moved from  the  upper  surface  of  the  astragalus  with  a  saw,  and  all  remaining 
articular  cartilage  is  dissected  away  with  a  knife.  In  some  cases — as,  for  ex- 
ample, those  of  necrosis  of  the  astragalus,  or  cases  of  bad  fracture  of  the  astrag- 
alus— this  bone  is  entirely  removed.  All  bleeding  points  are  secured,  the 
wounds  are  drained  and  dressed  without  suture;  and  the  foot  is  put  up  at 
right  angles  to  the  leg  in  a  position  midway  between  abduction  and  ad- 
duction, and  securely  immobilized.  Maintenance  of  this  accurate  position  is 
quite  essential  to  a  good  functional  result.  Chromicized-catgut  sutures,  care- 
fully placed  in  the  soft  tissues,  will  aid  greatly  in  maintaining  the  position  of 
the  bones  until  the  splint  is  applied. 

A  very  satisfactory  immobilization  can  be  maintained  by  a  plaster-of-Paris 
splint  made  as  follows:  An  ordinary  plaster-of-Paris  bandage,  four  inches 
wide,  is  rolled  out  on  a  table  in  superimposed  layers,  to  make  a  strip  that  will 
extend  from  the  middle  of  the  thigh,  along  the  posterior  surface  of  the  leg, 
over  the  heel,  and  at  least  one  inch  beyond  the  toes.  The  strength  of  this 
strip  will  depend  upon  the  number  of  layers  that  have  been  superimposed, 
and  it  may  be  reinforced  by  a  piece  of  hoop  iron,  three-fourths  of  an  inch  wide. 
A  similar  strip,  three  inches  wide,  is  placed  upon  the  anterior  surface  of  the 
extremity,  and  the  two  are  held  in  accurate  position  and  moulded  to  the  limb. 
A  splint  of  this  variety  has  two  advantages — (1)  it  is  readily  available,  and 
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(2)  both  wounds  can  be  dressed  from  the  sides  without  disturbing  in  the  least 
the  immobiHzation  of  the  parts.     It  xsill  be  of  advantage  m  dressmg  the  wounds 


Fig.  251. 


-Excision  of  the  .\nkle  Joint  and  the  Os  Cakis.     a,  Outer  incision  in  resection  of  the 
ankle  by  two  lateral  incisions;  c,  excision  of  os  calcis. 


to  narrow  these  plaster  strips  at  the  ankle  by  cutting  out  scallops  on  each  side. 
Particular  care  should  be  taken,  at  the  time  of  the  primary  dressing,  to  apply 
the  gauze  pads  to  the  wound  in  such  way  that  they  can  be  removed  without 


Fig.  2o2. — Exci.sion   of    the   Ankle   Joint,     ad,  Langenbeck's    inner    incision;    b,  inner  incistoa 
in  the  ojjeration  of  excision  by  two  lateraf  incisions. 


disturbing  the  splint  or  altering  the  position  of  the  bones.     Continued  immo- 
bilization is,  in  reality,  the  most  important  factor  in  the  after-treatment.     It 
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will  often  add  greatly  to  the  comfort  of  the  patient  to  swing  the  extremity 
from  above,  as  in  knee  resections.     (See  Fig.  245.) 

The  period  of  drainage  in  such  a  wound  will  vary  from  forty-eight  hours  to 
one  W'eek,  according  to  the  conditions  for  which  the  operation  was  performed. 

Immobilization  should  be  continued  for  six  weeks.  During  this  period  the 
patient  may  be  allowed  to  go  about  on  crutches;  and,  after  two  or  three  weeks, 
the  foot  should  be  frequently  removed  from  the  splint,  soaked  for  a  period  of 
two  hours  in  hot  salt  solution,  and  then  replaced  in  the  original  splint.  A  firm 
nearthrosis,  with  very  slight  motion,  gives  the  most  desirable  result;  yet  a  firm 
ankylosis  is  almost  as  useful,  since  the  tarsal  articulations  acquire  an  increased 
range  of  mobility,  which  aids  materially  in  the  gait.     It  is,  therefore,  unwise  to 


Fig.  253. — Resection   of    the    Ankle  Joint,     b,  Langenbeck's  outer  incision;  aa',  Vogt's  incision 

for  excision  of  tlie  astragalus. 


make  special  efforts  to  obtain  motion.  The  necessary  solidity  is  usually  at- 
tained when  the  operation  is  done  subperiosteally.  In  resecting  the  bone 
ends  a  broad  flat  chisel  or  an  osteotome  is  often,  if  not  usually,  preferable  to 
the  saw. 

The  operation  just  described  is  a  modification  of  Langenbeck's  method. 
The  incisions  used  by  this  authority  are  shown  in  Figs.  252  and  253.  In  sup- 
puration of  the  ankle  joint,  a  partial  excision  may  become  necessary  in  order 
to  secure  good  drainage.  A  part  of  the  malleoli  may  be  removed  subperios- 
teally through  posterior  incisions,  as  has  been  suggested  by  Oilier;  or  the  as- 
tragalus, or  a  part  of  the  same,  may  be  removed,  instead  of  the  malleoli.  As  has 
already  been  stated,  the  modern  surgery  of  joints  tends  strongly  to  the  con- 
servative atypical  excision;  and  in  the  ankle,  as  elsewhere,  the  surgeon  more 
frequently  adapts  the  operation  to  the  case  in  hand  than  the  case  to  a  typical 
excision. 
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Excision  by  Anterior  Transverse  Incision. — For  tuberculosis  of  the  ankle 
joint,  excision  by  a  transverse  incision  is  very  much  to  be  preferred,  since  other 
methods  do  not  expose  the  remote  recesses  of  the  joint  as  fully  as  is  essen- 
tial to  a  careful  and  complete  dissection.  This  fact  ^^^ll  doubtless  explain  in 
a  measure  the  ill-favor  which  attaches  to  the  oi)eration  of  excision  for  tuber- 
culosis. The  oi^eration  was  devised  by  Heyfelder  and  Sedillot,  and  revived  by 
Hueter,  and  is  now  practised  by  many. 

The  Of^eration. — The  incision  is  made  directly  across  the  anterior  surface 
of  the  ankle  from  one  malleolus  to  the  other,  and  should  divide  the  skm,  suj^er- 
ficial  fascia,  and  the  tendon  sheaths  along  its  entire  course.  (Fig.  254.)  Ex- 
ternally, the  peroneal  arteries  and  the 
tendons  of  the  peroneal  muscles  should  he 
drawTi  to  one  side.  Internally,  the  }X)ste- 
rior  tibial  artery  and  nerve  should  lie  pro- 
tected. Each  remaining  tendon  on  the 
dorsum  is  then  lifted  up  in  turn,  fine 
sutures  are  passed  through  them  at  two 
points,  about  one  inch  apart,  and  each 
suture  is  left  long  and  clamixd.  Tlie 
tendons  are  now  divided  between  these 
sutures,  and  each  suture  serves  as  a  guide 
to  accurate  resuturing.  The  joint  is 
opened  by  completing  the  transverse  in- 
cision, and  the  foot  is  forced  backward 
until  the  sole  rests  upon  the  calf  of  the 
leg.  The  joint  is  now  as  freely  open  as 
are  the  pages  of  a  book,  and  a  systematic 
dissection  of  all  tuberculous  tissue  may  be 
accurately  executed.  This  sharp-knife  dis- 
section is,  in  reality,  the  secret  of  success 

in  the  operation:  and  every  operator  should  adopt  a  sort  of  system  in  cover- 
ing the  syno\ial  membrane,  and  should  dissect  carefully  as  he  goes,  in  order 
that  no  diseased  tissue  shall  be  left.  An  attempt  to  curette  the  disease  here 
and  there,  until  it  has  all  been  removed,  usually  results  in  leaving  some  diseased 
tissue.  "Wlien  the  joint  has  l^een  freely  opened,  the  decision  can  be  promptly 
made  as  to  whether  an  excision  or  an  erasion  should  be  done.  If  the  bones 
are  diseased,  the}^  should  be  sawed  off  in  the  usual  manner.  If  the  articular 
surfaces  of  the  tibia  and  fibula  are  unmvolved,  they  should  be  left,  since 
lateral  support  of  the  malleoh  adds  greatly  to  the  stabihty  of  the  limb. 

The  inferior  tibio-fibular  joint  is  of  particular  importance  m  tuberculosis,  and 
a  proper  separation  of  these  bones  should  be  secured,  in  order  to  make  certain 
that  no  diseased  synovial  membrane  is  left.    The  astragalus  is  frequently  in- 


FiG.  2-54. — Excision  or  Erasion  of  the 
Ankle  Joint  by  a  Transverse  Anterior  In- 
cision. 
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volved,  and  the  calcaneo-astragaloid  joint  is  often  the  seat  of  infection.  In 
not  a  few  cases  it  becomes  necessary  to  excise  the  astragalus;  and  if  there 
should  be  any  question  as  to  the  condition  of  this  bone,  it  should  be  either 
excised,  or  tuberculous  material  should  be  cut  out  by  sharp  dissection,  and  the 
cavity  filled  with  von  Mosetig-Moorhof 's  iodoform  plugging  material.  \Vhen  the 
dissection  has  been  completed,  the  joint  should  be  thoroughly  mopped  with  pure 
carbolic  acid,  which  is  to  be  left  in  contact  for  about  one  minute;  then  alcohol 
should  be  applied  freely.  The  tourniquet  is  now  removed,  all  bleeding  points 
are  secured,  and  the  joint  is  closed,  with  proper  provision  for  drainage.  The 
capsule  is  accurately  sutured  with  chromicized  catgut,  each  tendon  in  turn  is 
sutured,  and  the  tendon  sheaths  are  closed  with  very  fine,  plain  catgut  sutures. 
The  superficial  fascia  and  skin  are  then  sutured,  the  latter  with  silkworm  gut; 
the  foot  is  carefully  dressed;  and  an  efficient  plaster-of-Paris  splint  is  applied. 

This  operation  will  save  many  patients  from  the  necessity  of  an  amputa- 
tion; and  the  results  are  most  satisfactory,  both  as  regards  function  and  as 
regards  a  cure  of  the  tuberculous  trouble.  The  free  exposure  of  the  joint 
insures  complete  removal  of  all  tuberculous  trouble.  The  ankylosis  which 
follows  is  compensated  for  by  the  tarso-metatarsal  joint;  and  the  anterior 
tendons  which  have  been  divided  return  to  their  normal  function. 

It  is  not  always  possible  to  determine,  before  operation,  the  full  extent  of 
a  tuberculous  lesion  in  the  ankle,  and,  as  has  already  been  stated,  an  involve- 
ment of  many  tarsal  bones  may  make  resection  quite  undesirable.  Amputa- 
tion at  the  junction  of  the  middle  and  lower  thirds  of  the  leg  then  becomes 
necessary.  The  transverse  incision  possesses  the  great  advantage  that  it  gives 
information,  at  the  very  outset  of  the  operation,  as  to  tarsal  involvement,  and 
consequently  very  little  time  is  lost  in  applying  the  alternative  operation. 

Many  other  operations  have  been  devised  which  are  applicable  in  tubercu- 
lous disease  of  the  ankle. 

Kocher  operates  through  an  outer  curved  incision,  made  along  the  posterior 
border  of  the  lower  four  or  five  inches  of  the  fibula  and  carried  forward  under 
the  malleolus,  at  the  level  of  the  calcaneo-astragaloid  joint,  to  the  point  of 
insertion  of  the  peroneus  tertius.  The  sheaths  of  the  peronei  are  exposed  and 
opened  lengthwise.  The  external  malleolus  is  exposed  by  subperiosteal  dis- 
section, and  the  joint  is  opened  in  front.  The  outer  surface  of  the  astragalus 
is  exposed;  the  periosteum  and  capsule  are  separated  from  the  tibia  in  front 
and  behind,  and  the  articular  surfaces  are  turned  out  and  chiselled  away. 

Ollier's  incision  for  resection  is  shown  at  a,  in  Fig.  255. 

Vogt  uses  a  long  anterior  and  a  transverse  lateral  incision  similar  to  that 
of  Oilier,  and  recommends  removal  of  the  astragalus  in  all  cases. 

Results. — In  the  non-tuberculous  cases,  and  particularly  after  subperios- 
teal resection,  repair  is  usually  rapid,  and  early  usefulness  of  the  foot  is  the 
rule.    The  malleoli    will    be  reproduced.    The  shortening  will  depend  upon 
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the  amount  of  bone  removed  and  can  be  readily  overcome  by  wearing  a  thick 
sole  on  the  shoe.  As  stated  above,  a  firm  nearthrosis  with  some  motion  fur- 
nishes the  most  satisfactory  result;  yet  firm  ankylosis  is  almost  equally  satis- 
factory, since  -a  comj^ensatory  increase  in  the  range  of  motion  in  the  tarsus 
usually  gives  an  easy  gait. 

In  tuberculous  disease  the  results  are  especially  good,  both  as  to  cure  and 
as  to  function,  when  the  operation  is  performed  early  in  children  and  in  young 
persons.  In  adults  the  results  should  be  equally  good  if  the  cases  are  properly 
selected  and  if  the  dissection  is  carefully  made. 

Osteoplastic  Resection  of  the  Tarsus  by  the  Wladimiroff-Mikulicz  Method. 
— This  operation  is  of  value  in  extensive  gunshot  wounds  of  the  heel;  in  para- 
lytic talipes,  where  it  is  desirable  to  fix  the  ankle  and  lengthen  the  leg;  and  in 


Fig.  255. 


-Exci.sion  of  Os  Calcis  and  First  Metatarsal  lione.     a,  Ollier's  inner  incision  for  excision 
of  the  OS  calcis;  b,  excision  of  metatarsal  bone  of  great  toe. 


all  cases  of  tuberculous  disease  of  the  ankle  and  tarsus  associated  ^^•ith  exten- 
sive ulceration  of  the  heel.  A  transverse  plantar  uicision  is  made  from  the 
inner  side,  in  front  of  the  tuberosity  of  the  scaphoid,  to  a  corresponding  point 
on  the  outer  side  of  the  foot,  just  behind  the  base  of  the  fifth  metatarsal. 
(Figs.  256  and  257.)  This  incision  is  carried  down  to  the  bone.  A  second 
transverse  incision  di^ddes  the  tendo  Achillis  at  a  point  slightly  above  the  ankle 
joint.  The  ends  of  these  two  iucisions  are  now  connected  on  either  side  of  the 
foot  by  incisions  carried  down  to  the  bone.  The  foot  is  next  flexed  sharply, 
the  ankle  joint  is  opened  from  behind,  the  lateral  ligaments  are  divided,  and 
the  OS  calcis  and  the  astragalus  are  removed,  together  with  the  soft  parts 
of  the  heel.  A  layer  of  bone  is  now  sawed  from  the  exposed  extremity  of  the 
tibia  and  fibula  (including  the  malleoU)  and  also  from  the  exposed  surface  of 
the  cuboid  and  scaphoid.     The  posterior  tibial  and  external  and  internal  plan- 
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tar  arteries  are  ligated,  and  the  flexor  tendons  are  divided,  in  order  that  the 
toes  may  be  extended  at  right  angles  to  the  dorsum.     The  sawed  surfaces  are 


Fig.  256. — ^Wladimirow-Mikulicz's  Osteoplastic  Resection  of  the  Tarsus,      aa,   Incision   througli 
the  soft  parts;  b,  b,  saw-Unes  for  division  of  the  bone. 

brought  together  with  chromicized  catgut  sutures,  and  the  wound  in  the  soft 
tissues  is  carefully  closed.     The  extremity  is  then  encased  in  a  plaster-of-Paris 

splint  and  maintained  in  this  position  until  healing  is 
complete. 

Results. — Kohlhaas  has  collected  a  total  of  73 
cases,  and  of  this  number  56  could  stand  and  walk 
well. 

Bryant  states  that  in  19  operations,  13  of  which 
were  for  tuberculous  caries,  2  of  the  patients  died  of 
general  tuberculosis  eight  months  later;  12  made  a 
good  recovery  and  walked  with  more  or  less  ease; 
and  5  experienced  no  benefit,  3  of  them  requiring 
subsequent  amputation.  He  also  states  that  the  pres- 
ent high  degree  of  usefulness  and  comfort  which  may 
be  secured  by  prosthetic  appliances  lessens  decidedly 
the  utility  of  such  methods  of  practice. 

Excision  of  the  Astragalus. — Excision  of  the  as- 
tragalus alone  is  performed  most  frequently  for  an 
injury,  such  as  a  bad  fracture  (Fig.  258) ;  for  an  irre- 
ducible dislocation  of  the  bone  forward;  or  for  an 
irreducible  dislocation  of  the  tibia  and  fibula  forward. 
The  operation  may  also  be  necessary  for  talipes,  for 
caries  of  this  bone  alone,  or  as  a  part  of  the  operation  for  tuberculous  disease 
of  the  ankle.  The  operation  is  best  made  through  a  combination  of  an  outer 
and  an  inner  incision — the  outer  in  the  manner  suggested  by  Vogt  (Fig.  253), 


Fig.  257.  —  Wladimirow- 
Mikulicz's  Osteoplastic  Re- 
section. Showing  position  of 
the  foot  after  operation. 
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the  inner  in  that  suggested  by  OUier  (a,  Fig.  246).  The  outer  incision  begins 
in  front  of  the  external  malleolus  slightly  above  the  ankle  joint,  extends  dow-n- 
ward  and  forward  in  a  curved  direction,  and  terminates  at  the  base  of  the 
fourth  metatarsal  bone.  Tlie  second  incision  extends  downward  and  back- 
ward ])elow  the  tip  of  the  malleolus.  Tlie  longitudinal  incision  is  carried  down 
between  the  tendons  to  the  bone  and  opens  both  the  ankle  and  astragalo- 
scaphoid  joints.  Tlie  anterior  ligamentous  attachments  to  the  tibia  and  fibula, 
to  the  scaphoid,  and  to  the  os  calcis  are  now  di\'ided  by  a  knife  or  sharp  chisel; 
the  foot  is  strongly  adducted,  and  the  bone  is  pried  forward  with  a  periosteal 
elevator  in  order  to  expose  the  posterior  ligamentous  attachments. 

Tliis  dissection  is  greatly  facilitated  by  a  second  incision,  the  inner  incision 
of  Oilier.  After  the  removal  of  the  astragalus,  the  malleoli  are  placed  in  the 
proi)er  position  on  the  os  calcis,  and  sutures  are  applied  to  the  soft  tissues. 

The  trans\'erse  incision  recommended  for  tuberculosis  of  the  ankle  will  also 
give  excellent  exposure  and  a  good  result  in  excision  of  the  astragalus. 

Excision  of  the  Os  Calcis. — The  os  calcis  is  frequently  the  seat  of  tuber- 
culous and  pyogenic  disease,  and  may  be  extensively  destroyed  by  injury; 
yet  its  double  function  of  gi^'ing  attachment  to  the  tendo  Acliilhs  and  of  fur- 
nishing the  posterior  pillar  of  the  arch  of  the  foot,  makes  excision  of  this  bone 
particularly  undesirable.  Every  effort  should  therefore  be  made  to  save  this 
support.  As  a  rule,  both  tuberculous  and  pyogenic  infections  attack  the 
centre  of  the  bone,  leaving  a  substantial  shell,  and  the  author  has  thus  far  been 
able,  in  every  case  treated,  to  avoid  excision.  Results  have  been  particularly 
pleasing  since  the  adoption  of  the  method  of  bone-plugging  with  an  iodoform 
mass,  as  described  by  von  Mosetig-Moorhof  (vide  antea).  By  this  method  a 
cure  of  the  disease  and  a  complete  repair  of  the  defect  may  be  accomplished 
without  loss  in  the  size  of  the  bone.  This  operation  can  be  performed  thi^ough 
a  short  incision  on  the  outer  surface  of  the  os  calcis. 

The  Operation. — ^^^len  it  is  deemed  wise  to  excise  the  entire  os  calcis,  the 
o]3eration  is  performed  in  the  following  manner:  Tlie  foot  is  placed  on  its  inner 
side  on  a  sand  bag,  an  mcision  extending  dowii  to  the  bone  is  begun  at  a  point 
midway  between  the  outer  malleolus  and  the  base  of  the  fifth  metatarsal  bone, 
is  carried  backward  in  a  direction  parallel  to  the  sole,  and  terminates  at  the 
inner  border  of  the  tendo  Acliillis.  (Fig.  251.)  Care  should  be  taken  not 
to  injure  the  structures  behind  the  inner  malleolus.  A  second  short  incision 
may  be  made  upward  through  the  middle  of  the  tendo  Achillis.  The  plantar 
flap  is  dissected  downward,  the  peroneal  tendons  are  dissected  out  and  held 
to  one  side,  and  the  calcaneo-cuboid  jomt  is  opened.  The  astragalo-cal- 
canean  joint  presents  the  main  difficulties  of  the  operation.  Tliis  is  opened 
from  behind;  then  the  bone  is  seized  with  a  lion-jaw  forceps  and  WTenched 
strongly  backward  and  outward,  to  give  room  for  the  blade  of  the  knife  or 
chisel,  which  divides  its  strong  fibrous  attachments   to   the   astragalus.     The 
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vessels  on  the  inner  side  should  be  looked  after  with  special  care  during  the 
remainder  of  the  dissection.  When  possible,  the  operation  should  be  done 
subperiosteally.  The  wound  is  drained  and  closed  in  the  usual  way.  Bryant 
states  that  about  sixty-five  per  cent  of  these  patients  recover  with  useful  limbs. 
Excision  of  the  Metatarso-phalangeal  Joint  of  the  Great  Toe. — This  opera- 
tion finds  frequent  application  in  both  disease  and  injury  of  this  joint,  and 
particularly  in  hallux  valgus  with  secondary  bunion.  In  the  latter  condition, 
excision  furnishes  the  only  satisfactory  treatment.  Amputation  of  the  toe 
and  excision  of  the  bony  prominences  on  the  inner  side  of  the  head  of  the  meta- 
tarsal bone  have  both  been  tried,  but  recurrence  is  very  likely  to  follow. 


Fig.  258. — Fracture  of  Astragalus,  Showing  Fragments  at  a  and  b,  as  well  as  Mafked  Posterior 
Displacement  Backward  of  Bones  of  Leg. 

The  Operation. — A  longitudinal  incision,  two  inches  in  length,  is  made 
along  the  inner  side  of  the  foot,  exposing  the  articulation  (b,  Fig.  259).  If  a 
false  bursa  is  present,  this  should  be  accurately  dissected  away  before  the 
joint  is  opened.  The  joint  is  now  opened,  and  the  head  of  the  metatarsal 
bone,  including  the  exostosis,  is  exposed  subperiosteally.  When  this  has 
been  done,  it  will  be  found  that  the  toe  can  be  easily  turned  outward,  and  the 
head  of  the  metatarsal  freely  exposed  in  the  wound.  A  small  metacarpal  saw 
is  now  introduced,  and  the  head  of  the  bone  is  sawed  off  just  behind  the 
point  of  enlargement  or  (in  the  absence  of  enlargement)  just  behind  the 
articular  surface.  (Fig.  259,  a.)  The  sharp  borders  and  any  irregularities  or 
additional  exostoses  are  now  pinched  off  with  a  rongeur,  and  the  joint  is  care- 
fuDy  sponged.  A\Tien  the  articular  surface  of  the  first  phalanx  is  not  dis- 
eased, it  should  be  left,  since  a  better  result  is  thereby  obtained.     Drainage  is 
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pro\'ided  for  the  joint,  and  the  Hgaments  are  united  with  catgut;  the  skin 
flaps  are  sutured  with  silkworm  gut;  and  a  splint  is  carefully  applied.  The 
dressing  and  the  splint  should  be  applied  in  such  way  that  the  toe  shall 
be  in  line  with  the  metatarsal,  or  slightly  adducted,  and  its  tip  slightly  ele- 
vated. Passive  motion  should  be  used  at  the  end  of  two  or  three  weeks, 
and  the  patient  may  be  allowed  to  use  the  foot  in  one  month.     A  pad  of  cotton 
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Fig.  259. — Excision  of  the  Metatarso-phalangeal  Articulation  of  the  Great  Toe.    a.  Line  of  bone 

section;  b,  skin  incision. 


between  the  great  and  the  second  toes  will  prevent  any  tendency  to  a  recur- 
rence of  the  hallux  valgus.  The  functional  results  are  excellent  after  thiso}3er- 
ation,  both  when  done  for  deformity  and  when  employed  for  the  relief  of 
suppuration. 

The  operation  for  the  excision  of  other  metatarso-phalangeal  joints  is  almost 
identical  with  that  described  for  the  great  toe.  The  dorsal  tendons  are  readily 
pushed  aside,  and  the  difficulties  arising  from  the  deep  location  of  the  bone 
are  overcome  by  the  use  of  the  Gigli-Haertel  saw. 
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LIGATURE  OF  ARTERIES  AND  VEINS  IN  THEIR 

CONTINUITY. 


By  JOHN  M.  KEYES,  M.D.,  New  York  City. 


I.    LIGATURE  OF  ARTERIES  IN  GENERAL. 


Blood-yessp:ls  are  ligated  at  their  cut  ends  or  in  their  continuity.  By  liga- 
ture of  a  blood-vessel  in  its  continuity  is  effected,  for  some  special  purpose,  the 
arrest  of  the  circulation  of  the  blood  in  that  vessel. 

The  ligature  of  arteries  was  known  to  the  ancients,  although  its  use  was  un- 
common. Celsus  described  it  in  the  first  century,  Galen  in  the  second,  Antyllus 
in  the  fourth,  Aetius  in  the  fifth,  and  Rhazes  in  the  tenth.  But  to  Ambroise 
Pare  belongs  the  credit  of  establishing  the  universal  use  of  the  ligature.  Fare's 
writings  on  this  subject  appeared  in  1564,  and  he  is  rightfully  styled  the  ''Father 
of  the  Ligature."  This  important  surgical  proceeding  was  slowly  accepted 
and  the  method  known  as  the  mediate  ligature  was  employed.  By  this  method 
the  tissues  surrounding  the  artery  were  included,  and  usually  an  accompanying 
vein  or  nerve  was  embraced.  Deschamps,  in  1797,  insisted  that  the  vessel 
should  be  definitely  separated  from  all  surrounding  tissues.  This  constitutes 
the  immediate  method  commonly  practised  to-day.  Antyllus,  in  the  year 
340  A.D.,  operated  on  aneurisms  by  ligating  the  artery  above  and  below  the 
tumor.  Ancl,  in  1710,  ligated  the  brachial  artery  for  traumatic  aneurism  in 
the  bend  of  the  elbow,  passing  the  needle  close  to  the  proximal  end  of  the  tumor. 
John  Hunter,  in  1775,  after  careful  ex{)eriments,  ligated  the  femoral  artery  at 
some  distance  from  the  proximal  side  of  a  popliteal  aneurism.  Hunter's  method 
proved  revolutionary  in  the  treatment  of  aneurism.  Brasdor,  in  1790,  suggested 
the  distal  ligature  method  for  the  cure  of  aneurism.  In  1798  Deschamps  applied 
this  method  of  ligature  to  the  femoral  artery  for  the  cure  of  an  aneurism  of  the 
femoral  artery.  The  case  ended  fatally.  Shortly  afterward  it  was  performed 
by  Sir  Astley  Cooper  for  aneurism  of  the  external  iliac.  The  result  here  was 
also  unsuccessful.  In  1825  "Wardrop  first  successfully  performed  Brasdor's 
operation  in  a  case  of  carotid  aneurism.  In  1822  Wardrop  suggested  the  ligature 
of  one  or  two  of  the  distal  branches  of  the  artery,  and  in  1827  he  performed  the 
operation  for  the  first  time  for  the  cure  of  an  aneurism  of  the  innominate  artery, 
ligating  first  the  carotid  and  later  the  third  i)ortion  of  the  subclavian. 
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General  Indications  for  Ligating  Arteries. 

The  general  indications  which  call  for  the  ligature  of  arteries  in  their  con- 
tinuity are  the  following:  The  proper  control  of  the  circulation  in  the  main 
trunk  of  a  vessel  or  from  one  of  its  branches  at  a  distance  from  the  point  hgated ; 
prospective  hemorrhage  distal  to  the  site  of  an  operation,  as  illustrated  in  liga- 
ture of  the  lingual  artery  in  operations  upon  the  tongue;  and  excessive  blood 
s)ipply  in  inoperable  tumors  and  in  angiomata  and  cirsoid  and  arterio-venous 
aneurisms.  However,  in  cirsoid  and  inoperable  timiors  the  effect  is  more  or 
less  transient. 

In  infected  wounds  complicated  with  hemorrhage,  ligature  of  the  bleeding 
vessel  in  its  continuity  outside  of  the  infected  site  should  be  promptly  done. 

General  Considerations. 

The  strictest  aseptic  precautions  should  te  observed.  The  patient  should  be 
placed  on  a  table  of  convenient  height,  and  the  part  containing  the  vessel  to  be 
operated  on  should  be  so  placed  as  to  render  the  vessel  to  be  ligated  easy  of 
access.  It  is  usual  for  the  surgeon  to  stand  at  the  side  of  the  body  to  be  operated 
on,  and  to  make  the  incisions  from  above  dowTiward  when  operating  on  the 
right  side,  and  from  below  upward  when  operating  on  the  left  side.  The  assist- 
ant usually  stantls  at  the  side  opposite  to  the  surgeon,  where  he  can  keep  the 
parts  free  from  blood  as  exposed  and  the  edges  of  the  wound  retracted  when 
necessary. 

The  following  instruments  are  required  in  ligating  arteries  in  their  continuity: 
heavy  antl  light  scalpels,  haemostatic  forceps,  dissecting  and  toothed  forceps, 
tenacula,  wound  hooks,  retractors  of  various  sizes  and  shapes  (Fig.  261),  sharp- 
ix)inted  and  blunt  scissors  both  straight  and  curved,  straight  and  laterally  curved 
aneurismal  needles  (Figs.  264  and  265),  a  ligature-carrier,  means  of  illuminating 
deep  wounds,  straight,  curv(H:l,  and  Hagedorn  needles,  a  needle  holder,  and  suture 
material — catgut  plain,  iodized,  and  chromicized.  Kangaroo  tendon,  because  of 
its  reliability  and  thickness,  is  useful  in  tying  the  large  blood-vessels.  Ballance 
and  Edmunds  have  reported  excellent  results  from  the  use  of  goldbeatei-s'  skin, 
which  is  prepared  from  the  peritoneum  of  an  ox.  Senn  has  recently  recommended 
the  use  of  narwhal,  walrus,  and  whale  tendons,  claiming  for  them  ready  steriU- 
zation,  reliability,  and  unusual  length  of  strand.  Ox  aorta  is  occasionally  em- 
ployed. Silk,  plain,  and  silk  floss  have  their  devoted  adherents.  Some  surgeons, 
especially  the  Germans,  use  silk  exclusively. 

Guides  for  Incision  and  Locating  Arteries. 

Linear,  muscular,  and  bony  contiguous  anatomical  parts  are  useful  guides, 
as  are  also  the  pulsations  of  arteries  and  the  color  of  the  vessels. 
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Linear  guides  are  surface  lines  that  run  between  indicated  points  and  that 
denote  the  established  courses  of  blood-vessels. 

Muscular  guides  are  the  muscles  themselves  or  their  prominent  borders 
which  bear  definite  relations  to  the  courses  of  the  arteries.  Due  care  must  be 
exercised  to  determine  whether  the  muscles  used  as  guides  are  overdeveloped 
and  also  whether  they  have  broader  origins  or  insertions  than  is  usual. 

Bony  guides  are  certain  bony  prominences  which  bear  characteristic  relations 
to  the  vessels. 

Contiguous  anatomical  guides  are  the  known  relations  that  surrounding 
tissues  bear  to  blood-vessels;  as,  e.g.,  nerves,  muscles,  tendons,  sheaths  of  vessels, 
etc. 

The  pulsation  of  an  artery  is  a  reliable  guide,  but  due  care  should  be  used 
to  ascertain  that  the  pulsation  is  not  transmitted  from  some  contiguous  artery 
by  intervening  tissues.  Pulsation  is  not  available  as  a  guide  in  cases  in  which 
preliminary  control  of  the  circulation  is  used  to  make  the  field  of  operation 
bloodless.  Such  operations  are  done  in  the  hmbs,  as  a  rule.  In  the  preparation 
for  applying  a  ligature  the  limb  is  elevated,  the  soft  parts  are  kneaded  toward 
the  body,  and  an  Esmarch  tourniquet  is  applied  proximal  to  the  site  of  ligature. 
The  clearer  field  obtained  by  exsanguination  compensates  somewhat  for  the 
loss  of  pulsation  as  a  guide. 

Finally,  the  color  of  the  vessels  aids,  the  arteries  often  being  white  or  pinkish 
in  appearance,  and  the  veins  purplish. 

Steps  of  the  Operation. 

The  initial  incision  is  usually  made  in  the  line  of  the  vessel  by  inserting 
the  point  of  the  knife  quite  at  right  angles;  then,  with  the  knife  slanting,  the 
incision  is  made  the  required  length,  after  which  it  is  withdrawn,  with  the  point 


Fig.  260. — Incision  of  the  Skin  in  the  Operation  of  Ligaturing  the  Radial  Artery.  (After  Fara- 
betif.)  With  his  left  hand  the  operator  fixes  the  skin  of  the  patient's  forearm,  while  at  the  same 
time  he  presses  firmly  with  the  index  finger  over  the  course  of  the  artery  at  the  point  where  he  wishes 
to  begin  his  incision.     Note  the  manner  of  liolding  tlie  knife  with  the  fingers  of  the  right  hand. 

as  at  the  beginning  of  the  cut.  (Fig.  260.)  The  primary  incision  will  thus  be  of 
uniform  depth  throughout.  The  centre  of  the  incision  should  correspond  to  the 
part  of  the  vessel  where  the  ligature  is  to  be  applied.  The  deep  fascia  or  aponeu- 
rosis is  then  divided  throughout  a  shorter  extent  than  is  the  skin,  exposing  the 
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Fig.  261.— Farabeufs 
Retractor. 


muscles  or  tendons  beneath.  The  incisions  should  be  clearly  made  and  of  suffi- 
cient length  to  afford  a  free  field  for  further  steps;  and,  when  the  vessel  which 
is  to  be  ligatured  lies  at  some  depth  from  the  smface,  the  use  of  retractors  (Fig. 
261)  vdW  be  requireil  for  keeping  the  edges  of  the  wountl  widely  separated.  A  gap 
between  the  muscles  is  then  sought,  and  if  it  is  occupied 
by  fat  we  ha\e  what  is  known  as  the  yellow  line,  if  it  is 
occupied  by  thickened  fascia  we  have  the  so-called  white 
line,  to  follow.  At  places  we  find  an  intermuscular  ar- 
teiy.  The  intermuscular  space  is  then  freely  divided  in 
the  direction  of  the  other  incisions  but  to  a  lesser  extent, 
the  separation  being  advanced  either  with  the  handle  of 
the  scalpel  or  with  the  finger.  The  incisions  and  separa- 
tion, subsequently  to  the  initial  skin  incision,  should  be 
made  shorter  and  shorter  through  each  succeeding  tissue, 
so  that  the  incision  tlu-ough  the  sheath  of  the  artery  rep- 
resents the  apex  of  an  inverted  triangle.  The  wound  should 
be  kept  as  free  from  blood  as  practicable  and  widely  re- 
tracteil,  though  at  tliis  stage  it  is  of  advantage  to  relax  the 
parts,  so  as  to  be  the  better  able  to  locate  the  vessels. 
The  fingers  are  of  great  aid  in  differentiating  the  vessels. 
The  arteries  feel  firmer  than  the  veins,  are  more  resilient,  and  when  compressed 
they  feel  hollowed  out,  having  margins  thicker  than  the  centre.  The  veins  are 
soft  and  yielding,  with  thin  walls,  and  when  compressed  they  swell  out  at 
their  distal  ends.  The  nerves  are  hard,  round,  inelastic;  they  are  of  even  con- 
tour and  are  made  up  of  bundles  parallel  to  the  vessel  and  occupying  more  or  less 
definite  relations  to  it. 

The  smaller  arteries  are  usually  accompanied  by  two  veihs,  known  as  the 
vena?  comites.  The  larger  arteries,  such  as  the  carotid,  iliac,  femoral,  popliteal, 
etc.,  have  but  one  vein,  which  vein  bears  a  definite  relation  to  the  artery.  The 
venae  comites  are  usually  located  one  on  each  side  of  an  artery,  and  they  com- 
municate freely,  behind  and  in  front  of  the  artery,  with  each  other.  Also  there 
may  be  three  or  more  veins  accompanying  an  artery,  in  which  case  they  are 
called  "sateUite  veins."  AMien  there  are  three  veins,  the  third  one  is  usually  in 
front  of  the  artery.  In  the  space  between  the  tibialis  anticus  and  the  extensor 
communis  digitorum  muscles,  where  the  intermuscular  gap  is  antero-post^rior, 
the  artery  is  sometimes  found  with  the  veins  before  and  behind  it. 

"\Mien  the  arterj-  has  been  located,  its  sheath,  or  the  thickened  tissue  sur- 
roimding  it ,  is  picked  up  by  finely  toothed  forcef)S,  and  after  one  has  ascertained  that 
it  is  free  from  vessels  and  nerves  it  is  opened.  (Figs.  262  and  263.)  The  sheath, 
or  thickened  tissue,  is  usually  hfted  above  the  vessel  by  one  or  tw^o  forceps  and 
di\ided  longitudinally  in  the  course  of  the  vessel  in  that  part  of  it  which  is  lifted 
above  the  vessel.     The  incision  is  then  completed  by  making  it  only  long 
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enough  to  permit  the  passage  of  the  ligature  around  the  artery.  Before  cutting 
into  the  sheath  it  is  well  to  move  it  to  and  fro  to  insure  its  being  free  from  attach- 
ments. After  retracting  the  edges  of  the  sheath  and  carefully  exposing  that 
part  of  the  artery  which  is  to  be  ligated,  an  unthreaded,  blunt-pointed,  curved 
aneurismal  needle  (Figs.  264  and  265)  is  passed  around  the  vessel,  away — as 


Fig.  262. — Laying  Bare  an  .\rtery  (the  Radial,  for  Example) ;  First  Step,  after  the  Skin  has  been 
Incised.  (After  Farabeuf.)  Tlie  sheath  of  loose  connective  tissue  surrounding  tlie  artery  is  picked 
up  with  the  forceps  and  put  slightly  upon  the  stretch;  and  then,  with  the  sharp  point  of  the  bistoury, 
a  small  longitudinal  opening  is  made  in  this  stretched  tissue. 

a  rule — from  the  accompanying  vessel,  care  being  observed  that  no  vein  or 
nerve  is  included.  The  end  of  the  needle  appearing  at  the  opposite  side  of  the 
artery  is  threaded  and  withdrawn,  leaving  the  ligature  in  situ.  Some  prefer  to 
pass  the  needle  threaded  and  then  to  withdraw  it,  leaving  the  ligature  in  place. 
It  may  be  necessary  to  pass  the  needle  toward  the  vein.    When  the  ligature  is 


Fig.  263. — Laying  Bare  an  Artery ;  Second  Step.  (After  Farabeuf.)  The  surgeon,  continuing  to 
hold  one  edge  of  the  opening  in  the  sheath  on  the  stretch  by  means  of  the  forceps,  introduces  into  the 
opening  the  beak  of  a  grooved  director. 

In  the  tliird  step,  which  it  is  unnecessary  to  illustrate,  the  svirgeon  passes  the  director  beneath 
the  artery,  and  gradually,  by  a  to-and-fro  movement,  separates  the  wall  of  the  ves.sel  from  the  surround- 
ing sheath  of  connective  tissue  throughout  the  desired  extent.  The  passing  of  the  curved  end  of  the 
artery  needle  along  the  groove  of  the  director,  the  setting  free  of  the  ligature  with  which  the  latter  is 
armed,  and  the  withdrawal  of  the  artery  needle  are  steps  whicli  present  no  difficvdti'?s. 

in  place  it  is  tied  with  a  knot  at  right  angles  to  the  long  axis  of  the  artery.  The 
knot  should  be  sufficiently  tight  to  occlude  the  lumen  of  the  vessel.  In  tying 
the  knot  due  care  must  be  exercised  not  to  pull  the  vessel  out  of  its  bed,  and 
this  is  best  accomplished  by  making  the  ends  of  the  index  fingers  (or  the  thumbs, 
as  some  prefer)  meet  over  the  artery,  and  by  having  the  first  i:)ull  of  the  liga- 
ture come  with  the  terminal  knuckles  together,  these  latter  serving  as  the  ful- 
crums  of  the  levers.     (Fig.  266.) 
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The  various  knots  commonly  used  are  the  reef,  surgeon's,  and  Ballance- 
Edmunds  knots.     (Figs.  267  and  268.) 

Most  sm-geons,  instead  of  using  the  surgeon's  knot,  employ  by  preference  a 
reef  knot,  often  adding  a  third  loop,  which  is  tied  lightly.  Tliis  third  loop  pre- 
vents the  ends  from  loosening.  The  ends  of  the  ligature, 
after  the  completion  of  the  knots,  are  cut  off  about  one-fourth 
of  an  inch  from  the  last  tie. 

The  BaUance-Edmwids  Stay  Knot  TFig.  267).— This  knot 
is  used  for  securing  the  larger  vessels,  as  the  innominate,  the 
common  carotid,  and  the  femoral.  For  this  purpose  silk 
floss,  heaw  chromicized  catgut,  and  kangai-oo  tendon  are 
the  suture  materials  at  present  used.  The  material  is  ap- 
plied by  placing  around  the  vessel  two  ligatures  parallel  to 
each  other  and  close  together,  and  by 
making  on  each  separately  the  fii-st  hitch 
of  a  reef  knot,  which  is  tightened  just 
sufficiently  to  close  the  lumen  of  the  vessel 
without  dividing  the  coats  of  it.  Then  by 
uniting  together  the  ends  of  the  ligature  on 
either  side  the  second  hitch  of  the  reef  knot 
is  made.  By  this  method  we  get  a  broad 
surface  approximation  of  the  walls  of  the 
inthna  lending  a  lai'ge  siu*facc  for  endo- 
thelial proliferation,  in  consequence  of 
which  firm  union  should  take  place. 

Several  other  styles  of  knots  may  be 
used  in  ligating  vessels,  but  for  all  prac- 
tical purposes  the  reef,  surgeon's,  and 
Ballance-Edmunds  knots  suffice. 

The  artery  having  been  ligated,  the 
wound  should  be  thoroughly  dried,  the 
sheath  closed  with  a  fine  continuous  su- 
ture or  with  interrupted  sutures.  The  intermuscular  gap, 
iC  required,  is  obliterated  ^\^th  buried  catgut  sutures,  and 
the  external  or  superficial  wound  is  closed  by  interrupted 
silkworm  or  catgut  sutures.  It  is  undesirable  to  drain  the 
wounds ;  but  where  it  cannot  be  avoided,  rubber  tissue  serves 
the  purpose  best. 

The  after-treatment  consists  in  keeping  the  part  operated  on  at  absolute 
rest,  and  in  having  it  warm  and  the  dressings  perfectly  aseptic.  The  arm  when 
operated  on  should  be  outstretched  upon  a  pillow,  and  the  lower  hmb  sUghtly 
raised  on  an  inclined  plane.     Operations  on  the  larger  vessels  require  three 


Fig.  264.— Dupuy- 
tren's  Aneurism- 
Needle  Carrier. 


Fig.   265.  —  S>-me's 
Ligature  Carrier. 


474  AMERICAN  PRACTICE  OF  SURGERY. 

weeks  of  compulsory  rest.  The  lower  limbs,  when  operated  on,  require  more 
recumbent  rest  than  do  other  parts  where  vessels  have  been  ligated.  The  limbs 
should  be  wrapped  in  cotton  batting  and  (when  indicated)  kept  warm  with  hot 
bottles. 

Complications,  and  Causes  of  Death  After  Ligature. 

The  more  important  consequent  compHcations  are:  Shock;  secondary  hem- 
orrhage; gangrene  of  a  limb;  and  inflammation  and  suppuration  at  the  seat 
of  operation. 

Shock  is  ordinarily  of  slight  degree  and  therefore  of  little  moment,  except 
perhaps  when  associated  with  the  ligation  of  a  vessel  supplying  blood  to  an 
important  viscus. 

Secondary  hemorrhage  may  be  due  to  ulceration  around  the  ligature  from 
infection,  especially  if  the  vessel  wall  be  diseased ;  to  an  imperfect  clot  depend- 


FlQ.  266. — Shows  the  Proper  Attitude  of  the  Surgeon's  Fingers  at  the  Moment  of  Tightening  tlie 
Ligature  which  has  been  Placed  Around  an  Artery.     (After  Farabeuf.) 

ent  on  the  too  ctese  proximity  of  a  collateral  branch;  or  to  such  violent  move- 
ments as  those  produced  by  severe  coughiiig — movements  which  disturb  repair 
or  perhaps  dislodge  a  poorly  appUed  ligature. 

Gangrene  is  more  apt  to  occur  in  the  lower  limbs,  where  the  collateral  circu- 
lation is  poorer  than  in  the  upper  extremity.  It  may  set  in  within  twenty-four 
hours  or  as  late  as  eight  days  subsequently  to  the  operation. 

Inflammation  and  suppuration  at  the  seat  of  operation  are  due  to  infection, 
incident  to  some  defect  in  the  operative  technique,  and  they  often  lay  the 
foundation  for  secondary  hemorrhage.  In  such  cases,  only  ligation  of  the  vessel 
in  sound  tissue,  at  either  side  of  the  seat  of  hemorrhage,  safely  meets  the  de- 
mands of  a  dangerous  situation.  Religation  in  an  infected  wound  is  not  per- 
missible, as  repeated  hemorrhages,  consequent  exsanguination,  and  even  death 
are  thus  invited.  (For  effects  in  ligation  for  aneurism,  see  the  article  on  Surgery 
of  the  Heart  and  Blood- Vessels,  in  Vol.  Yll.) 
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Temporary  Coxtrol  of  the  Circulatiox  in  arteries  by  Ligature. 

Temporary'  control  is  employed  for  the  purpose  of  rendering  a  field  of  opera- 
tion as  bloodless  as  possible,  and  also  in  cases  in  which  the  vascularity  of  the  part 
to  be  operated  on  is  so  excessive  as  to  make  hemorrhage  dangerous.  Instances 
of  its  use  exist  in  amputations  of  limbs,  in  operations  on  the  neck,  in  suturing 


Fig.  267. — The  Ballance-Edmunds  Stay  Knot,  composed  of  two  separate  strands  or  ligatures  of 
floss  silk.     At  a  the  first  hitch  of  the  reef  knot  is  shown,  and  at  6  the  completed  knot. 

wounds  of  blood-vessels,  in  certain  cases  of  Matas'  method  of  endoarterior- 
rhaphy,  etc.  The  steps  in  the  operation,  up  to  the  point  where  the  ligation  has 
to  be  applied,  are  identical  with  those  already  indicated  for  Hgature  of  arteries. 
It  is  often  sufficient  to  place  a  looped  piece  of  broad  silk  or  a  blunt  hook  under 
the  artery  and  to  lift  it  up  so  that  the  kink  produced  will  occlude  the  lumen  of 
the  vessel.    It  may  become  essential,  in  order  not  to  block  the  field  of  operation. 


Fig.  268. — Surgeon's  Knot.     (After  Lejars.) 

temporarily  to  ligate  the  vessel,  and  this  is  best  done  by  tying  the  vessel  slowly 
and  steadily  with  a  broad  piece  of  tape  so  as  not  to  injure  its  walls.  The  hgature 
is  removed  after  the  necessity  for  its  use  has  ceased,  and  the  further  steps  in 
the  Ugation  are  the  same  as  those  governing  Ugations  in  general.  A\'here  a  loop 
or  a  broad  hook  is  used  to  control  the  circulation  in  the  artery,  it  is  not  necessary 
to  open  the  sheath  of  the  vessel. 
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(For  information  in  regard  to  the  materials  that  are  suitable  for  ligatures,  the 
methods  of  sterilizing  them,  etc.,  the  reader  is  referred  to  Dr.  Moore's  article  in 
Vol.  I.,,  p.  724  et  seq.) 

II.  LIGATURE  OF  INDIVIDUAL  ARTERIES. 

The  Innominate  Artery. — Because  of  its  high  resulting  mortality,  ligature 
of  this  artery  is  seldom  warranted.  However,  because  of  our  radical  measures 
and  aseptic  technique  the  percentage  of  recoveries  is  increasing.  The  artery 
was  first  ligated  in  1818  by  Dr.  Valentine  Mott,  of  New  York.  Death  is  usually 
the  result  of  shock,  or  sepsis,  or  secondary  hemorrhage.  Brain  complica- 
tions, however,  may  cause  death.  Out  of  forty-three  cases  reported,  seven  were 
successful.  The  first  successful  case  was  that  of  Smyth  of  New  Orleans;  the 
patient  lived  ten  years.  In  Burrell's  case,  in  which  the  sterno-clavicular 
articulation  and  the  upper  end  of  the  sternum  were  resected,  the  patient  lived 
one  hundred  and  four  days,  and  then  died  of  coexisting  cardiac  disease.  Curtis' 
patient  at  the  time  of  reporting,  eleven  months  after  operation,  was  still  alive. 
One-third  of  all  cases  done  under  aseptic  technique  terminate  in  recovery. 
Resection  of  a  portion  of  the  sternum,  etc.,  has  added  much  indeed  to  the 
technique  and  security  of  the  operation. 

Surgical  Anatomy. — It  is  the  largest  branch  given  off  from  the  arch  of  the 
aorta.  It  arises  on  a  level  with  the  upper  border  of  the  second  right  costal  carti- 
lage from  the  commencement  of  the  arch  of  the  aorta  in  front  of  the  left  carotid 
artery  and  ascends  obliquely  to  the  upper  border  of  the  right  sterno-clavicular 
articulation;  then  it  divides  into  the  right  common  carotid  and  the  right  su}> 
clavian  arteries.  The  length  varies  from  3.8  cm.  to  5  cm.  (one  and  one-half  to 
tv/o  inches). 

Anteriorly,  this  artery  is  in  close  relationship  to  the  manubrium,  the  origin 
of  the  sternohyoid  and  sternothyroid  muscles,  the  remains  of  the  thymus  gland, 
the  left  innominate  and  the  right  inferior  thyroid  veins,  and  occasionally  the 
inferior  cervical  branch  of  the  right  pneumogastric  nerve;  posteriorly,  it  is  in 
contact  with  the  trachea;  on  the  right  side  it  is  in  close  relationship  to  the  right 
innominate  vein,  the  right  pneumogastric  nerve,  and  the  pleura;  and  on  the 
left  side  it  is  bounded  by  the  remains  of  the  thymus  gland,  the  origin  of  the  left 
carotid  artery,  the  left  inferior  thyroid  vein,  and  the  trachea. 

As  a  rule  no  branches  are  given  off  from  the  innominate.  Occasionally 
the  thyroidea  ima  or  the  thyroid  (bronchial)  branch  is  found. 

Linear  Guide. — There  is  no  practical  muscular  or  linear  guide  that  indi- 
cates the  course  of  this  vessel.  However,  a  line  drawn  from  the  centre  of  the 
sternum  to  the  right  sterno-clavicular  articulation  indicates  its  course  beneath 
the  sternum.  It  should  not  be  forgotten  that,  in  many  instances;  the  vessel 
bifurcates  below  this  point  and,  more  rarely,  above. 
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Operations. — MotCs  method  is  performed  entirely  in  the  soft  parts.  The 
patient's  head  and  chest  being  extended  and  the  face  turned  to  the  left,  the 
incision  is  made  along  the  upper  margin  of  the  inner  third  of  the  clavicle  and 
is  carried  as  far  as  the  centre  of  the  epistemal  notch.  Then  a  second  incision  is 
made  from  the  inner  end  of  the  first  along  the  anterior  border  of  the  sterno- 
mastoid  muscle.  Both  incisions  di\'ide  the  fascia  and  platysma  as  well  as  the 
skin.  The  triangular  flap  thus  outlined  is  freed  from  its  attachments  and  laid 
back.  Then  the  clavicular  and  sternal  attachments  of  the  stemomastoid  muscle 
are  dividetl  and  turned  back.  The  fibres  of  the  omohyoid  muscle,  which  depress 
the  h3'oid  bone,  are  divided  or  nicked,  thus  allowing  the  muscle  to  retract. 
The  anterior  jugidar  and  the  inferior  thyroid  veins  are  divided  between  Ugatures. 
The  original  incision  is  carried  through  the  deep  cervical  tissues  until  the  sheath 
of  the  common  carotid  artery  is  exposed.  The  sheath  of  this  vessel  is  then 
opened  and  the  artery  followed  downward  until  the  innominate  is  reached.  To 
avoid  the  right  innominate  and  the  inferior  thyroid  veins,  and  the  right  pneu- 
mogastric  nerve,  care  must  be  exercised,  the  needle  being  passed  from  the  outer 
side.  The  veins  and  nerves  are  retracted  after  blunt  dissection,  ^^'hen  tying 
the  ligature,  one  must  be  careful  not  to  compress  the  right  phrenic  nerve. 

As  the  chief  source  of  danger  is  secondary  hemorrhage,  the  right  common 
and  the  right  vertebral  arteries  should  also  be  ligated.  In  order  to  avoid  dead 
spaces  where  infection  can  take  place,  the  wound  should  be  as  thoroughly  closed 
as  is  possible  and  the  parts  kept  in  place  by  pressure. 

Bardenheuer' s  method  is  especially  adapted  to  cases  in  which  large  aneurisms 
are  to  be  operated  on,  and  when  a  bony  route  is  selected.  A  vertical  incision  is 
made  from  the  lower  border  of  the  larynx  well  on  to  the  manubrium  sterni. 
A  transverse  incision  is  made  along  the  upper  surface  of  the  sternum  over  the 
imier  third  of  both  clavicles.  The  incisions  are  made  through  the  skin,  the  super- 
ficial and  the  deep  fascias.  The  transverse  cut  should  be  so  made  as  to  divide  the 
stemomastoid,  sternohyoid,  and  the  sternothyroid  muscles.  Tlien  the  inner 
extremity  of  the  left  clavicle  and  the  first  left  rib  should  be  divided  subperi- 
osteally  about  half  an  inch  from  their  sternal  extremities.  For  dividing  the 
bone,  a  Gigli  saw,  a  rongeur,  a  bone-cutting  forceps,  or  a  chisel  may  be  em- 
ployed. The  posterior  surface  of  the  manubrium  having  been  freed  of  its  peri- 
osteum, the  bone  itself  is  divided  subperiosteally  in  a  transverse  direction  about 
one  centimetre  (f  in.)  below  its  superior  border  or  at  its  attachment  to  the 
gladiolus;  then,  after  it  has  been  freed  from  its  attachments,  this  piece  of  bone 
should  be  removed.  The  periosteum  having  next  been  split  in  the  median  line, 
the  inferior  thyroid  vein  is  divided  between  hgatures;  the  left  innominate  veui 
is  retracted  and  depressed,  and  the  right  innominate  vein  is  also  retracted.  The 
ligature  is  passed  around  the  artery,  between  it  and  the  pleura,  care  being 
taken  that  the  pleura  be  not  puncturwl  and  that  no  nerves  be  included.  The 
Ballance-Edmunds  ligature  is  the  best  one  to  use.    The  right  common  carotid 
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and  the  right  vertebral  arteries  are  ligated  at  the  same  time.    Bardenheuer's 
operation  was  reported  in  the  Deutsche  med.  Wochenschrift,  1 885. 

B.  Farquhar  Curtis,  of  New  York,  in  the  Annals  of  Surgery  for  October, 
1901,  reports  using,  for  ligature  of  the  innominate  artery,  a  modification  of  Mil- 
ton's method  of  exposing  the  anterior  mediastinum.  This  method,  as  the  ac- 
companying photograph  (Fig.  269)  shows,  leaves  but  little  disfigurement  and  it 
affords  ready  access  to  the  artery  and  the  vein.     As  only  two  cases  in  which  this 


Fig.  269. — Photograph  of  Dr.  Curtis'  Patient,  Sliowing  Scars  of  Milton's  Operation  for  Ligating 
the  Innominate  Artery.  In  this  operation  the  clavicle  is  temporarily  divided.  {Annais  of  Surgery, 
Oct.,  1901.) 


method  was  used  have  thus  far  been  reported,  its  more  or  less  general  adoption 
will  depend  on  the  results  of  further  experience. 

Operation.  (Figs.  270  and  2.71.)  A  median  incision  dividing  the  skin  and 
the  deep  fascia  above,  and  the  periosteum  below,  is  made.  The  incision  runs 
from  the  cricoid  cartilage  of  the  larynx  to  the  middle  of  the  sternum.  The 
soft  parts  at  the  base  of  the  neck  are  widely  separated.  The  periosteum  of  the 
manubrium  is  divided  transversely  along  its  upper  border,  and  the  periosteum 
and  the  muscles  on  the  posterior  surface  of  it  are  dissected  free  as  far  as  blunt 
periosteal  elevators  and  the  fingers  can  reach.    The  bone  is  divided  through  the 
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vertical  incision  by  an  ordinary  saw,  care  being  taken  to  protect  the  soft  parts 
of  the  neck  and  the  soft  parts  behind  the  sternum  by  the  use  of  flat  metal  strips. 
The  saw  is  directed  from  below  upward,  and  it  is  managed  in  such  a  manner  as 
"to  divide  the  bone  entirely  above,  but  only  partially  below;  at  the  inferior  end 
of  the  incision  it  simply  grooves  the  bone.  A  short  chisel  is  then  used  to  force 
the  thin  layer  of  bone  on  the  pos- 
terior surface  to  give  way.  With 
the  skin  weW  retracted  a  trans- 
verse incision  is  made  through  the 
periosteum  at  the  level  of  the  first 
and  second  intercostal  spaces,  and 
then  the  bone  is  divided  obliquely 
outward  from  the  middle  by  means 
of  a  chisel.  The  two  halves  are 
strongly  pulled  apart  by  hea\y  re- 
tractors, thus  exposing  the  perios- 
teum on  the  posterior  aspect  of  the 
bone.  After  this  membrane  has 
been  incised,  the  two  halves  of 
the  bone  may  be  further  retracted, 
the  gap  thus  created  measuring 
from  one  to  two  inches  in  breadth. 
In  the  median  line  the  muscles  and 
the  deep  fascia  are  divided  (be- 
ginning above)  by  blunt  dissection 
or  by  means  of  forceps  and  scissors.  The  veins  are  divided  between  ligatures  as 
they  are  encountered.  The  trachea  and  the  great  vessels  at  the  root  of  the 
neck  are  freely  exposed.  Finally,  the  innominate  artery  should  be  cautiously 
isolated  and  tied  with  doubly  heavy  ligatures.  The  walls  of  the  vessel  may  be 
folded  within  the  loop  of  the  ligature,  so  that  they  may  escape  being  crushed. 
The  ligation  should  be  broad  and  so  tied  as  not  to  cause  any  uneven  pressure, 
especially  from  the  knot. 

In  1859  Dr.  E.  S.  Cooper,  of  San  Francisco,  Cal.,  first  resected  the  upper 
part  of  the  manubrium  and  the  right  sterno-clavicular  articulation  in  order  to 
expose  the  artery.  The  preliminary  steps  are  practically  the  same  as  those 
described  in  the  preceding  operation.  After  the  soft  parts  in  front  have  been 
retracted  and  the  large  veins  behind  have  been  protected  by  means  of  a  spatula 
placed  posteriorly  to  the  sternum,  the  right  sterno-clavicular  articulation,  the 
sternal  end  of  the  first  rib,  and  the  upper  portion  of  the  manubrium  are  removed. 
The  removal  should  be  accomplished  by  means  of  a  Gigli  saw,  a  chisel,  and  a 
rongeur,  or  by  bone-cutting  forceps.  The  further  steps  in  this  operation  are 
practically  the  same  as  those  in  the  oblique  method. 


Fig.  270. — First  Stage  of  Dr.  B.  Farquhar  Curtis* 
Operation  for  Ligature  of  the  Innominate  Arter\% 
Bone  di\-ided  and  retracted,  showing  the  sternohyoid 
muscle  and  the  f)osterior  periosteum  of  the  manubrium. 
The  trachea  may  be  seen  through  a  small  incision  be- 
tween the  muscles.     {Annals  of  Surgery,  Oct.,  1901.) 
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Ligation  by  Splitting  the  Manubrium  Sterni. — In  this  method  the  manubrium 
is  divided  both  transversely  and  vertically  without  loss  of  bone. 

Operation. — A  transverse  incision,  curving  downward  at  its  central  por- 
tion, should  be  made  from  the  inner  third  of  the  anterior  surface  of  one 
clavicle  to  the  inner  third  of  the  anterior  surface  of  the  other  clavicle.    It 

should  cross  the  manubrium  at  the 
level  of  the  junction  of  its  upper 
and  middle  thirds.  The  soft  parts 
are  all  divided  through  this  inci- 
sion down  to  the  bone.  Bleeding 
points  as  encountered  are  ligated. 
The  manubrium  is  freed  subperios- 
teally  do\Miward  to  the  junction  of 
the  manubrium  and  the  gladiolus 
and  upward  as  far  as  the  episternal 
notch.  After  the  upper  border  is 
freed,  the  posterior  aspect  of  the 
manubrium  should  be  cleared  sub- 
periosteally  as  low  down  as  it  has 
been  anteriorly.  The  overlying 
soft  parts  on  the  anterior  surface 
are  retracted,  and  the  manubrium 
is  divided  transversely  at  the  junc- 
tion of  the  upper  borders  of  the 
second  ribs  and  also  vertically 
through  its  centre.  The  bony 
incisions  are  best  accomplished  by 
means  of  either  a  Gigli-Haertel  saw  or  by  bone-cutting  forceps.  The  two 
divided  halves  should  be  well  retracted  laterally,  and  the  posterior  perios- 
teum incised.  The  overlying  soft  structures  are  displaced  to  the  left,  and 
the  inferior  thyroid  veins  are  ligated  and  divided.  This  process  exposes 
the  innominate  veins.  The  left  innominate  vein  should  be  depressed,  and  the 
right  innominate  vein  should,  if  practicable,  be  displaced  forward  and  to  the 
right  side.  Then,  after  carefully  noting  the  relations  of  the  important  nerves 
and  the  pleura,  the  operator  should  clear  the  innominate  artery,  guarding 
the  right  pneumogastric  artery  and  the  pleura.  It  is  then  time  to  pass  the 
ligature  between  the  artery  and  the  pleura,  placing  it  as  far  from  the  aorta  as  is 
practicable. 

The  operation  need  not  be  carried  out  subperiosteally.  The  periosteum  can 
be  divided  along  the  bony  incisions.  By  this  method  less  contusion  of  the  tissues 
is  caused  and  much  time  is  saved. 

Ligation  by  Oblique  Incision. — The  position  of  the  patient  and  the  landmarks 


Fig.  271. — Second  Stage  of  Dr.  Curtis'  Operation. 
(See  Fig.  270.)  Full  exposure  of  the  trachea,  innomi- 
nate artery,  arch  of  the  aorta,  and  the  left  innomi- 
nate vein  crossing  the  latter.  Tlie  right  pneumo- 
gastric and  the  recurrent  larjTigeal  nerves  are  seen, 
the  latter  originating  unusually  low  in  this  subject. 
(Annals  of  Surgery,  Oct.,  1901.) 
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are  the  same  as  those  mentioned  in  the  description  of  Mott's  operation  (see 
page  477).  The  incision  begins  at  the  junction  of  the  middle  and  lower 
thirds  of  the  anterior  border  of  the  sternomastoid  muscle.  It  passes  along  the 
lower  third  of  the  margin  of  the  muscle  and  then  sweeps  over  the  upper  edge 
of  the  episternal  notch  on  to  the  manubrium.  The  skin,  superficial  fascia, 
platysma,  and  deep  fascia  are  incised.  The  anterior  jugular  vein  and  the 
transverse  branch  between  the  two  anterior  jugidars  are  Ugated  between 
ligatures  and  divided.  The  sternomastoid  muscle  is  drawn  outward  and  its 
sternal  attachment  is  divided  if  necessary.  The  sternothyroid  and  the  sterno- 
hyoid muscles  are  dra\Mi  inward  and,  if  necessary,  their  sternal  attachments 
may  be  divided.  The  deep  cervical  fascia  covering  the  carotid  sheath  is  divided, 
the  sheath  is  opened,  and  the  common  carotid  artery  is  followed,  behind  the 
sternoclavicular  articulation,  as  far  as  to  the  subclavian  and  then  to  the  imiomi- 
nate  arteries.  Watchfulness  is  required  if  the  recurrent  laryngeal  nerve,  which 
lies  behind  the  sheath,  is  to  escape  injury.  After  the  inferior  thyroid  vein  has 
been  ligated  the  innominate  should  be  exposed,  care  being  taken  to  avoid  the 
left  innominate  vein  in  front  and  the  right  pleural  behind.  The  common  carotid 
and  vertebral  arteries  should  also  be  tied  through  this  same  incision. 

General  Considerations. — Rigid  asepis  should  attend  each  step  of  these 
operations.  When  the  wounds  are  closed,  it  is  desirable  to  approximate  as 
closely  as  possible  the  divided  surfaces.  Dead  spaces  are  best  avoided  by  the 
use  of  gi'aduated  compresses.  Drainage  should  not  be  employed  unless  abso- 
lutely necessary;  and  then  it  is  to  be  obtained  by  a  rubber-tissue  or  a  textile- 
fabric  drain.  The  pain  and  irritability  of  the  patient  consequent  upon  the 
operation  should  be  reheved  by  hypodermic  injections  of  morphine. 

The  choice  of  the  method  to  be  used  in  ligating  the  innominate  depends 
upon  the  indications  and  upon  the  extent  of  the  diseased  condition.  In  aneu- 
rism, for  instance,  the  relations  of  the  parts  may  be  materially  changed,  and  a 
bony  route  is  then  to  be  preferred,  as  it  gives  room  for  free  manipulation  and 
allows  the  operator  to  observe  the  changed  relations  caused  by  the  tumor. 

It  should  be  remembered  that  if  the  innominate  is  shorter  than  usual  the 
lower  extremity  of  the  common  carotid  may  be  tied  instead;  also  that,  if  the 
aorta  arches  to  the  right,  the  innominate  will  be  found  on  the  left  instead  of  on 
the  right  side. 

The  Common  Carotid  Artery. — Ligature  of  this  artery  is  indicated  by  a 
variety  of  conditions.  Occasionally,  as  an  emergency  measure,  both  common 
carotids  have  been  ligated  simultaneously. 

Simultaneous  Ligature. — The  simultaneous  ligature  of  both  common 
carotids  should  be  avoided,  as  it  is  invariably  followed  by  fatal  coma.  Two 
weeks  at  least  should  intervene  between  the  two  operations,  and  even  then 
death  may  follow.  Simultaneous  hgature  and  ligature  performed  at  intervals 
of  time  of  varying  length  have  been  done  about  forty  times.  The  shortest  in- 
voL.  n.— 31 
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terval  followed  by  recovery  was  four  and  a  half  days.    In  the  other  instances  of 
recovery  reported  the  intervals  varied  from  thirteen  to  thirty-five  days. 

The  vessel  was  first  ligated  for  hemorrhage  by  Abernethy  in  1798;  the  result 
was  fatal.  Fleming,  in  1803,  performed  the  operation  with  success.  Sir 
Astley  Cooper,  in  1805,  first  ligated  it  for  aneurism.  His  patient  died.  In 
1808,  however,  he  was  successful  with  a  similar  case. 

Temporary  Ligature. — Temporary  ligature  is  resorted  to  for  the  arrest  of 
hemorrhage  from  the  branches  without  exposing  the  patient  to  the  brain  com- 
plications which  may  arise  from  permanent  closure  of  this  artery.  It  is  also 
resorted  to,  with  much  economy  of  time  and  blood,  in  extensive  operations  in 
regions  supplied  by  the  vessel  or  its  branches.  The  artery  is  exposed  by  the 
usual  methods,  is  encircled  by  a  piece  of  tape,  and  lifted  up  so  as  to  shut  ofif 
its  lumen.  It  may  also  be  tightened  sufficiently  by  a  broad  ligature  to  close  its 
lumen  without  injuring  the  coats  of  the  vessel. 

Relations  of  the  Right  Common  Carotid  Artery  in  the  Lower  Part  of 
THE  Neck. — This  artery  arises  from  the  innominate  artery  behind  the  right  sterno- 
clavicular articulation,  passes  upward,  outward,  and  slightly  backward  to  the 
upper  border  of  the  thyroid  cartilage,  where  it  divides  into  the  external  and 
internal  carotids.  The  common  carotid  bifurcates  sometimes  higher  up  than 
the  upper  border  of  the  thyroid  cartilage,  indeed  not  infrequently  at  the 
level  of  the  angle  of  the  jaw.  It  is  also  known  that  the  common  may  not  divide 
at  all,  and  that  the  lingual,  facial,  etc.,  arise  from  the  common  trunk.  The 
former  condition  (higher  bifurcation)  exists  in  about  fifteen  per  cent  of  instances. 
The  artery  is  contained  in  a  sheath  with  the  pneumogastric  nerve  and  the 
internal  jugular  vein,  each  being  separated  from  the  other  by  a  fibrous  septum. 
The  vein  lies  to  the  outer  side  and  slightly  overlaps  the  artery;  the  nerve  is 
posterior  to  and  between  them.  For  surgical  purposes  the  artery  is  divided, 
opposite  the  lower  border  of  the  cricoid  cartilage,  by  the  omohyoid  muscle,  into 
a  lower  and  deeply  seated  part  and  a  superficial  and  upper  part.  Its  length 
is  9.5  cm.  (three  and  three-quarters  inches). 

Relations  of  the  Left  Common  Carotid  Artery  in  the  Lower  Part 
OF  the  Neck. — This  artery  arises  from  the  highest  part  of  the  arch  of  the  aorta, 
passes  upward  and  outward,  overlapped  by  lung  and  pleura,  in  front  of  the 
trachea  to  the  left  sternoclavicular  articulation,  where  it  resumes  about  the 
same  relations  to  its  contiguous  parts  as  does  the  right  carotid  to  its  parts.  It 
length  is  11.5  cm.  (four  and  three-quarters  inches). 

Relations  of  the  Left  Common  Carotid  within  the  Thorax. — Anteriorly, 
it  is  separated  from  the  sternum  by  the  sternohyoid  and  the  sternothyroid  mus- 
cles, the  left  innominate  veins,  and  the  remains  of  the  thymus  gland ;  posteriorly, 
it  lies  on  the  trachea,  oesophagus,  and  thoracic  duct;  internally,  it  is  in  relation 
with  the  innominate  artery,  the  inferior  thyroid  veins,  and  the  remains  of  the 
thymus  gland;  externally,  it  is  in  relation  with  the  left  pneumogastric  nerve 
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and  the  left  pleura.  The  left  subclavian  arter>'  is  slightly  external  and  pos- 
terior to  it. 

Relations  of  Both  Common  Carotids  in  the  Upper  Part  of  the  Neck.— 
Anteriorly:  skin,  superficial  and  deep  fascias,  platysma,  sternomastoid,  ster- 
nohyoid, sternothyroid,  and  omohyoid  muscles,  descendens  and  communicans 
hypoglossi  nerves  (the  descendens  is  sometimes  found  within  the  sheath,  but 
generally  upon  it),  stemomastoid  artery,  superior  thyroid,  middle  thyroid,  and  an- 
terior jugular  veins.  Posteriorly:  pneumogastric  nerve,  recurrent  laryngeal  nerve, 
inferior  thyroid  artery,  longus  colli  and  the  rectus  capitis  anticus  major  muscles. 

Linear  and  Muscular  Guides. — The  linear  guide  is  a  line  drawn  from  the 
sternoclavicular  articulation  to  a  point  midway  between  the  angle  of  the  jaw 
and  the  tip  of  the  mastoid  process.  (Plate  XXIX,  Fig.  1.)  The  muscular 
guide  is  the  anterior  border  of  the  stemomastoid  muscle. 

Ligature  of  the  Common  Carotid  below  the  Omohyoid  Muscle. — The 
patient  should  be  placed  on  the  back  with  the  shoulders  slightly  elevated,  the  face 
turned  to  the  opposite  side,  and  the  chin  extended.  The  incision,  about  three 
inches  in  length,  is  made  along  the  anterior  margin  of  the  stemomastoid,  ex- 
tending from  just  above  the  level  of  the  cricoid  cartilage  to  a  point  just  above 
the  sternoclavicular  articulation.  The  skin,  superficial  fascia,  platysma,  and 
the  deep  fascia  are  divided,  thus  exposing  the  anterior  border  of  the  stemo- 
mastoid muscle.  If  the  stemomastoid  artery  is  to  be  divided  it  should  first  be 
ligated;  if  it  is  not  divided,  it,  with  the  thyroid  vein,  should  be  pushed  aside. 
The  stemomastoid  muscle  is  retracted  outward,  a  relaxed  state  of  the  muscle 
aiding  the  retraction;  and  the  sternohyoid  and  the  sternothyroid  are  retracted 
inward.  The  two  latter  muscles  may  be  di^'ided  when  necessary.  When 
these  muscles  are  retracted  the  lower  border  of  the  omohyoid  will  be  seen  above. 
The  fascia  beneath  these  muscles  is  di\ided,  and  the  divided  edges  are  drawTi 
apart,  when  the  descendens  noni  will  be  found  on  the  inner  border  of  the  common 
sheath.  In  the  common  sheath  the  artery  lies  internal  to  the  vein,  and  the  pneu- 
mogastric nerve  is  between  the  vessels  and  posterior  to  them.  The  artery  within 
the  sheath  should  be  carefully  located,  and  a  part  of  the  sheath  just  over  the 
artery  should  be  picked  up  with  thumb  forceps  or  tenacula  and  incised.  The 
edges  Df  the  incision  are  held  apart  and  the  needle  is  passed  from  without  in- 
ward between  the  artery  and  the  sheath,  due  care  being  observed  to  see  that  the 
vein,  pneumogastric  or  recurrent  laryngeal  nerves  are  not  injured. 

Ligature  of  the  Common  Carotid  above  the  Omohyoid  Muscle. 
(Plate  XXIX,  Fig.  1.) — The  linear  and  muscular  guides  are  the  same  here  as 
those  given  for  the  previous  operation.  The  neck  should  be  prominent,  the  head 
extended,  and  the  face  turned  toward  the  opposite  side.  The  incision  is  tlu-ee 
inches  long  with  the  centre  at  the  cricoid  cartilage.  The  cut  is  made  through 
the  skin,  superficial  fascia,  platysma,  and  deep  fascia,  the  small  vessels  being 
avoided  as  much  as  possible.    The  stemomastoid  is  retracted  outward.    Tlie 
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omohyoid  muscle  is  exposed  and  retracted  downward,  or  cut  if  necessary.  The 
artery  is  superficial  here  and  easily  found.  The  sheath  is  opened  from  the  inside, 
care  being  taken  to  avoid  the  descendens  hypoglossi  nerve  and  the  internal 
jugular  vein.  The  needle  should  be  passed  from  without  inward,  care  being 
taken  to  avoid  the  internal  jugular  vein  and  the  pneumogastric  nerve. 

The  collateral  circulation  takes  place  by  way  of  the  inferior  and  supe- 
rior thyroid  arteries,  the  profunda  cervicis  and  the  occipital  artery,  the  trans- 
versalis  colli  and  the  occipital  arteries,  and  the  vertebral  artery  and  the  circle 
of  Willis. 

The  dangers  of  these  operations  are  great.  Of  the  total  number  of  cases  re- 
ported before  the  aseptic  period,  thirty  per  cent  ended  fatally.  With  improved 
technique  and  thorough  aseptic  precautions  the  percentage  of  mortality  has 
been  materially  lessened.  Dangers  arise  from  the  failure  due  to  thrombosis,  from 
sepsis,  from  secondary  hemorrhage,  and  from  the  sudden  shutting  off  of  the 
blood  supply  to  the  brain.  If  the  collateral  circulation  is  quickly  established, 
and  if  the  vessels  concerned  are  elastic  enough,  a  good  result  may  be  expected; 
but  where  the  circulation  is  slowly  established  and  where  the  vessels  are  inelas- 
tic, as  in  arteriosclerosis,  the  results  are  likely  to  be  unfortunate.  The  sudden 
shutting  off  of  the  circulation  may  lead  to  softening  of  the  brain ;  we  may  have 
white  ischaimic  necrosis  or  yellow  hemorrhagic  softening.  With  white  ischa?- 
mic  necrosis  we  have  a  total  shutting  off  of  the  blood  supply,  due  to  thrombosis 
or  embolic  occlusion  of  the  peripheral  vessels.  Yellow  necrosis  occurs  where  the 
arterial  anaemia  is  accompanied  by  venous  congestion  with  attendant  hemorrhage 
and  traumatism.  This  may  be  followed,  as  the  circulation  is  being  slowly  re- 
stored, by  hemiplegia,  which,  as  a  rule,  gi-adually  disappears.  Accidental  in- 
clusion of  the  vagus  in  a  Hgature  or  clamp  may  cause  various  symptoms  re- 
lated to  the  heart  and  respiration,  but  these  symptoms  are  relieved  by  prompt 
release  of  the  nerve.  Temporary  arrest  of  the  circulation  before  final  ligature 
may  enable  the  surgeon  to  form  a  reasonable  estimate  of  the  outcome  of  the  final 
act  so  far  as  the  effect  on  the  brain  is  concerned.  Division  of  the  pneumo- 
gastric nerve  would  lead  to  paralysis  of  the  vocal  cords  on  the  side  on  which 
the  operation  was  performed. 

General  Considerations. 

The  ligation  of  the  right  common  carotid  is  required  more  frequently  than  is 
the  ligation  of  the  left.  The  ligation  of  the  left  is  more  difficult  than  is  the 
ligation  of  the  right  because  of  the  intimate  relation  which  it  bears  to  its  in- 
ternal jugular  vein.  If  the  artery  bifurcates  at  or  below  the  cricoid  cartilage, 
both  of  its  branches  should  be  secured.  Such  bifurcation  is,  however,  very  rare. 
In  cases  of  hemorrhage  from  its  terminal  branches  ligature  of  the  common  carotid 
will  not  be  effectual  because  of  the  free  communication  of  these  vessels  at  the 
point  of  bifurcation  of  their  parent  trunk,  and  because  of  the  readily  estabUshed 


EXPLANATION  OF  PLATE  XXVIH. 

Exposure  of  Arteries  for  Purposes  of  Ligation. 

Figure  1. 

External  Carotid  Artery.     (After  Leser.) 

a,  Angle  of  the  lower  jaw;  b,  hypoglossal  nerve;   c,  external  carotid  artery;  d,  external  jugular 

vein;  c,  common  jugular  vein;  /,  sternocleidomastoid  muscle. 

Subclavian  Artery  above  the  Clavicle.     (After  Leser.) 

g,  external  jugular  vein;  h,  phrenic  nerve;  i,  subclavian  artery;  k,  brachial  plexus;  I,  subclavicular 

nerve. 

Figure  2. 

Femoral  Artery  below  Poupart's  Ligament.     (After  Zuckerkandl.) 
In  the  upper  exposure,  in  the  median  line,  are  seen  the  femoral  artery  and,  internal  to  it,  the 

femoral  vein. 

Below,  the  artery  and  vein  hold  the  same  relations  as  above. 

s,  Sartorius  muscle ;  /,  fascia  lata. 

Figure  3. 

Radial  and  Ulnar  Arteries.     (After  Leser.) 
a,  Superficial  fascia,  underneath  which  are  seen  the  tendons  of  the  supinator  longus  and  the  abduc- 
tor pollicis  brevis  muscles;    6,  radial  artery;   c,  tendon  of  the  flexor  carpi  radialis  muscle;  d,  ulnar 
nerve;  e,  ulnar  artery;  /,  flexor  carpi  uLnaris;  g,  flexor  sublimis  digitorum. 

Figure  4. 

Popliteal  Artery.     (After  Leser.) 
a.  Posterior  tibial  nerve ;  6,  popliteal  vein ;  c,  gastrocnemius  muscle ;  d,  popliteal  artery. 
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PLATE  XXVIII. 


DISSECTIONS  EXPOSING  VARIOUS  ARTERIES  FOR  LIGATION. 

(Arteries  in  red,  veins  in  blue,  and  nerves  in  yellow.) 


\ 
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collateral  circulation  from  the  opposite  side.  In  these  Ugatious  also  the  following 
conditions  may  each  contribute  more  or  less  to  the  difficulties  of  the  operation : 
The  respiratory  movements  of  the  tissues  of  the  neck ;  inflammatorj^  processes ; 
dilated  veins ;  overlapping  thyroids ;  morbid  growths ;  and  either  a  too  narrow 
or  a  too  broad  mastoid.  If  any  branches  be  given  off  from  the  common  carotid 
close  to  the  part  to  be  ligated,  they  also  should  be  secured. 

External  Carotid  Artery. — This  was  first  ligated  by  Busch  in  1827  for  cirsoid 
aneurism.  About  one  hundred  and  fifty  cases  were  reported  prior  to  the  aseptic 
period,  of  which  one  in  seven  resulted  fatally.  Under  aseptic  technique  the 
ratio  has  improved  and  stands  now  at  one  to  thirteen. 

Surgical  A:^atomy. — The  external  carotid  artery  arises  opposite  the  upper 
border  of  the  thyroid  cartilage,  ascends  upward  and  forward,  and  then  in- 
clines backward  to  the  space  between  the  external  condyle  of  the  lower  jaw 
and  the  external  auditory  meatus,  where  it  di\ides  in  the  parotid  gland  into 
the  temporal  and  internal  maxillary  arteries.  Its  length  is  about  b.3  cm.  (two 
and  one-half  inches).  The  common  trunk  of  the  thyroid  and  lingual  veins 
crosses  the  vessel  at  the  point  where  it  is  commonly  tied. 

The  relations  of  the  arterj^  are  as  follows  (Fig.  272) :  Anteriorly:  skin,  super- 
ficial fascia,  platysma,  deep  fascia,  hypoglossal  nerve,  lingual  and  facial  veins, 
stylohyoid  muscle  and  the  posterior  belly  of  the  digastric  muscle,  branches  of  the 
facial  nerve,  and  the  parotid  gland;  posteriorly:  parotid  gland,  internal  carotid 
artery,  superior  laryngeal  nerve,  styloglossus  and  stylopharyngeus  muscles, 
glossopharyngeal  nerve,  stylohyoid  ligament;  internally:  hyoid  bone,  pharjux, 
superior  larj'ngeal  nerves,  parotid  gland,  ramus  of  jaw;  externally:  internal  car- 
otid artery. 

The  linear  and  muscular  guides  are  the  same  as  those  of  the  conmion 
carotid  artery. 

Operatiox  Below  the  Digastric  Muscle.  (Plate  XX\TII,  Fig.  1.) — The 
incision  is  made  a  little  in  front  of  the  stemomastoid  muscle,  and  extends  from 
the  angle  of  the  jaw  to  the  level  of  the  cricoid  cartilage;  the  layers  common  to 
the  neck  are  incised ;  after  which  it  is  important  to  locate  the  posterior  beUy  of 
the  digastric  muscle  which  crosses  the  external  carotid  about  3.2  cm.  (one  inch 
and  a  quarter)  above  its  origin,  the  hypoglossal  nerve  which  crosses  the  artery 
below  the  origin  of  the  occipital  artery,  and  the  tip  of  the  great  cornu  of  the 
hyoid  bone.  The  facial  and  thyroidal  veins  should  be  retracted  downward  and 
the  hypoglossal  nerve  upward.  The  internal  cai-otid  artery  and  the  internal 
jugular  vein  should  also  be  retracted  upward.  The  needle  is  passed  from  the 
internal  carotid,  care  being  taken  to  avoid  the  superior  larj^ngeal  artery  behind. 
The  artery  can  be  Ugated  at  any  point  in  its  course,  but  it  is  by  preference 
ligated  between  the  lingual  and  the  superior  thyroid  arteries.  The  vessel  may 
be  ligated  above  the  posterior  belly  of  the  digastric  also.  The  preceding  method, 
however,  should  be  selected  whenever  possible. 
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Dangers  from  the  operation  are  slight  when  it  is  performed  with  aseptic 
technique.     Sepsis  and  secondary  hemorrhage  may  possibly  result. 

Through  the  same  incision  the  superior  thyroid,  lingual,  facial,  occipital, 
and  ascending  pharyngeal  arteries  may  be  ligated. 

Operation  Above  the  Digastric  Muscle. — The  position  of  the  patient  is 
the  same  as  for  ligature  of  the  common  carotid.  The  hnear  guide  is  also  the  same 
in  the  two  operations.  The  incision  should  extend  from  the  lobule  of  the  ear 
along  the  anterior  border  of  the  stemomastoid  to  the  greater  cornu  of  the  hyoid 


Fig.  272. — Relations  of  the  External  Carotid  and  Lingual  Arteries  of  t lie  Left  Side.  (After  Fara- 
beuf.)  The  picture  sliows  tlie  parts  as  tliey  appear  when  the  patient  is  lying  down,  ready  to  be 
operated  upon.  M,  Inferior  border  of  the  jaw;  M',  angle  of  the  latter;  //,  hyoid  bone;  h,  greater 
cornu  of  the  same;  sh,  oh,  th,  respectively,  the  sternohyoid,  omohyoid,  and  thyrohyoid  muscles; 
•ph',  inferior  constrictor  of  the  pharynx;  ph,  middle  constrictor  of  the  pharynx;  d,  posterior  belly  of 
the  digastric  muscle;  d',  pulley-like  band  of  cervical  fascia  belonging  to  this  muscle;  hg,  hyoglossus 
muscle ;  mh,  mylohyoid  muscle ;  P,  lower  part  of  parotid  gland  covered  by  the  aponeurotic  expansion 
of  the  stemomastoid  muscle;  sm,  submaxillary  gland  pulled  to  one  side  by  a  hook;  je,  external  jugu- 
lar vein;  ji,  internal  jugular  vein  and  its  affluent  branches,  exposed  to  view  by  pulling  to  one  side  the 
stemomastoid  mu.scle;  hyp,  loop  of  the  hypoglossal  nerve;  Is,  superior  laryngeal  nerve;  cp,  primitive 
carotid  artery;  d,  internal  carotid;  ce,  external  carotid;  t,  superior  thyroid  artery;  I,  Ungual  artery; 
/,  facial  artery.  *  *,  Point  where  the  lingual  artery  may  be  ligatured  close  to  its  origin.  At  this  point, 
which  is  situated  above  the  greater  cornu  of  the  hyoid  bone,  between  the  latter  and  the  hypoglossal 
nerve,  the  vessel  lies  beneath  the  hyoglossus  muscle.  *  *  *,  Point  where  the  lingual  artery,  still  lying 
beneath  the  hyoglossus  muscle,  may  be  ligated  in  its  triangle,  at  a  considerable  distance  from  its 
point  of  origin. 

bone,  care  being  taken  to  avoid  the  parotid  gland.  Skin,  superficial  and  deep 
fascia  are  divided ;  the  anterior  border  of  the  stemomastoid  should  be  retracted 
outward,  and,  after  the  posterior  belly  of  the  digastric  has  been  exposed,  it  and 
the  stylohyoid  should  be  pulled  downward,  and  partially  or  entirely  divided 
if  necessary.  The  parotid  gland  should  be  displaced  upward  and  forward,  and, 
if  the  jugular  vein  should  be  in  the  way,  it  should  be  retracted  outward.  The 
artery  should  be  cleared  and  the  ligature  applied  to  the  vessel  before  it  enters  the 
substance  of  the  parotid  gland. 
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General  Considerations. — In  ligating  this  vessel,  especially  at  the  lower 
part,  care  should  be  taken  not  to  include  the  internal  carotid.  If  it  should  thus 
be  included,  the  fact  may  be  ascertained  in  the  following  manner:  After  the 
ligature  is  placed,  and  before  tying,  raise  the  vessel  upward  out  of  its  bed  suffi- 
ciently by  means  of  the  Ugature  to  ascertain  the  effects  of  the  traction  on  the 
respective  vessels,  thus  judging  whether  one  or  both  are  included.  Also  see 
that  the  Ugature  is  applied  at  a  proper  distance  above  the  bifurcation  as  well 
a5  sufficiently  far  below  superior  branches.  The  branches  which  are  too  near 
the  seat  of  ligature  should  be  tied  independently  vNith  fine  catgut.  Thus,  a 
space  half  an  inch  broad  at  either  side  of  the  proposed  seat  of  ligature  can  be 
provided  for  the  purpose  of  secure  occlusion.  When  enlarged  lymph  nodes  are 
encountered  during  the  exposure  of  the  vessel,  they  should  be  pushed  aside 
or  removed.  Normally,  a  node  of  considerable  size  rests  on  the  point  of  bifur- 
cation. 

Lingual  Artery. — This  artery  was  first  ligated  by  Pirogoff  in  1836. 

Surgical  Anato.my. — The  lingual  artery  arises  from  the  external  carotid,  a 
little  below  the  greater  cornu  of  the  hyoid  bone;  it  passes  obliquely  upward  and 
inward  and  then  curves  downward  and  forward,  forming  a  loop  which  is  crossed 
by  the  hypoglossal  nerve.  Passing  beneath  the  digastric  and  stylohyoid  muscles 
it  runs  horizontally  forward  beneath  the  hypoglossal  muscle ;  then  finally  ascend- 
ing almost  perpendicularly  to  the  tongue  it  turns  forward  on  the  under  surface 
of  this  organ  and  continues  as  far  as  the  tip  under  the  name  of  the  ranine  arter}\ 

Guide. — The  vessel  has  no  superficial  muscular  guide,  but  it  can  be  located  by 
drawing  a  line  parallel  to  and  just  above  the  greater  cornu  of  the  hj'-oid  bone, 
which  cornu  can  be  readily  made  prominent  by  pressure  on  this  bone  at  the 
opposite  side  of  the  neck. 

Operation  at  Its  Point  of  Origin. — The  method  used  for  exposing  the 
external  carotid  below  the  digastric  muscle  is  employed.  The  lingual  artery 
is  identified  by  its  peculiar  course.  (See  Surgical  Anatomy  and  Figs.  272  and 
274.) 

Operation  at  the  Place  of  Election  (Fig.  273). — The  patient  is  supine,  the 
neck  placed  on  a  pillow,  the  face  turned  toward  the  opposite  side,  and  the  chin  ex- 
tended. A  cur\^ed  incision  is  made  from  the  angle  of  the  jaw  down  to  the  greater 
cornu  of  the  hyoid  bone  and  up  to  or  near  the  symphysis  menti.  The  incision 
goes  through  and  includes  the  deep  fascia  attached  to  the  hyoid  bone.  The 
flap,  which  carries  the  submaxillar}'^  gland  with  it,  is  laid  back.  The  digastric 
muscle,  the  hypoglossal  nerve,  and  the  lingual  vein  are  retracted  upward  with 
blunt  hooks.  The  stylohyoid  muscle  may  encroach  on  the  triangle,  and  if  it  does 
the  posterior  fibres  should  be  di\'ided.  The  hyoglossus  muscle  is  divided  and 
turned  upward,  exposing  the  arter}',  which  usually  bulges  out  into  the  space.  It 
should  be  traced  backward  so  that  it  may  be  Ugated  on  the  proximal  side  before 
the  dorsalis  linguae  is  given  off.     The  needle  is  passed  from  above  downward. 
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The  submaxillary  fascia  and  the  fibres  of  the  hypoglossus  may  be  reunited  if 
considered  necessary. 

With  aseptic  technique  the  operation  is  devoid  of  danger.  In  cases  of 
hemorrhage  of  the  tongue,  or  when  the  ligature  is  made  as  a  preliminary  to 
excision  of  the  tongue,  both  arteries  must  be  ligated. 

Facial  Artery. — This  artery  arises  a  little  above  the  hngual  artery  and  passes 
obliquely  upward  beneath  the  digastric  and  stylohyoid  muscles  and  frequently 
beneath  the  hypoglossal  nerve;  it  then  runs  forward  under  cover  of  the  body 
of  the  lower  jaw,  being  lodged  in  a  groove  on  the  posterior  surface  of  the  sub- 


FiG.  274. 

Fig.  273. — Ligature  of  the  Lingual  Artery  (Left  Side)  in  the  Little  Triangle,  above  the  Tendon 
of  the  Digastric  Muscle.  (After  Farabeuf.)  Everything  that  might  obstruct  the  view  has  been  care- 
fully dissected  away  and  the  submaxillary  gland  has  been  lifted  up  out  of  the  field  of  operation. 
1,  Tendon  of  the  digastric  muscle  still  adherent  to  the  hyoid  bone;  2,  mylohyoid  muscle;  3,  hypo- 
glossal nerve.  In  the  triangle  the  hyoglossus  muscle  has  been  incised,  and  through  the  opening  the 
lingual  artery  may  be  seen. 

Fig.  274. — Ligature  of  the  Lingual  Artery  (Left  Side)  above  the  Greater  Cornu  of  the  Hyoid 
Bone.  (After  Farabeuf.)  The  field  of  operation  having  been  cleared  by  a  careful  dissection,  the 
following  parts  may  be  distinguished:  1,  Greater  cornu  of  the  hyoid  bone;  2,  venous  trunk  made  up 
of  the  thyroid,  lingual,  and  facial  veins;  3,  hypoglossal  nerve;  4,  posterior  belly  of  the  digastric  muscle; 
5,  submaxillary  gland;  6,  point  of  insertion  of  the  stylohyoid  muscle.  The  buttonhole-like  opening 
in  the  keratoglossus  portion  of  the  hyoglossus  muscle  permits  a  view  of  the  lingual  artery. 

maxillary  gland;  curving  upward  over  the  body  of  the  jaw  at  the  anterior 
inferior  angle  of  the  masseter  muscle,  it  passes  upward  and  forward  across  the 
cheek  to  the  angle  of  the  mouth,  then  upward  along  the  side  of  the  nose  till  it 
terminates  at  the  inner  canthus  of  the  eye,  under  the  name  of  the  angular 
artery. 

Operation  at  the  Ramus  of  the  Jaw. — The  vessel  is  well  exposed  by  an 
incision  under  cover  of  the  lower  border  of  the  ramus  of  the  jaw,  with  the  an- 
terior border  of  the  masseter  muscle  as  the  centre  of  the  incision.  After  the 
deep  fascia  has  been  incised  the  artery  usually  comes  into  view.  The  vein 
lies  posterior  to  the  artery,  and  the  ligature  is  passed  from  behind  forward,  in 
such  a  manner  as  to  avoid  the  branches  of  the  facial  nerve.  In  cases  in  which 
it  is  necessary  to  tie  the  artery  at  its  origin,  the  incision  is  the  same  as  that 
for  exposing  the  external  carotid  below  the  digastric  muscle. 

Results, — These  are  uniformly  good. 
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Superior  Thyroid  Artery.— This  was  first  ligated  by  Charles  Bell  m  1814. 

Surgical  Anatomy.— The  superior  thyroid  arterj-  is  the  fii-st  branch  of  the 
external  carotid,  though  it  may  arise  by  a  common  small  trunk,  together  \N'ith 
the  lingual  and  facial,  from  the  common  carotid,  or  may,  and  not  infrequently 
does,  arise  at  the  bifurcation  of  the  latter  vessel.  It  follows  a  course  inward 
and  outward,  going  under  the  omohyoid,  sternohyoid,  and  sternothyroid  mus- 
cles to  the  upper  part  of  the  thyroid  gland.  Its  vein  and  the  superior  laryn- 
geal nerve  are  posterior  to  it,  the  nerve  being  in  close  relation. 

Operatiox.— This  is  practically  the  same  as  that  for  the  hgation  of  the 
external  carotid  arter\\  Special  care  should  be  taken  to  guard  the  superior 
laryngeal  nerve.     The  ligature  is  apphed  before  the  hyoid  branch  is  given  off. 

Results. — These  are  excellent. 

Occipital  Artery. — The  posterior  branch  passes  backward  and  upward  to 
the  space  between  the  transverse  process  of  the  atlas  and  the  mastoid  process 
of  the  temporal  bone,  horizontally  backward  in  the  occipital  groove,  and 
finally  upward  into  the  scalp,  coursing  midway  between  the  mastoid  process  and 
the  external  occipital  protuberance. 

Operations  for  Ligature  at  the  Point  of  Origin. — In  aU  essential  re- 
spects the  technique  is  the  same  as  that  employed  for  Ugation  of  the  external 
carotid  artery  below  the  digastric  muscle.  Locate  the  posterior  belly  of  the 
digastric,  and,  just  below  it,  will  be  found  the  hypoglossal  nerve  winding  around 
the  occipital  arter\'.     The  relations  of  the  nerve  and  vessel  are  rarely  changed. 

Operation  Behind  the  Mastoid  Process. — The  artery  is  located  by  an  in- 
cision, about  two  inches  in  length,  that  begins  at  the  tip  of  the  mastoid  process 
and  extends  backward  toward  the  occipital  protuberance.  Di\'ide  the  skin  and 
the  attachments  of  the  sternomastoid  and  the  splenius  muscles ;  locate  the  artery 
by  feeling  for  its  pulsations,  isolate  it,  and  pass  the  ligature. 

Results. — These  are  uniformly  good. 

Temporal  Artery. — This  artery  is  the  smaller  of  the  terminal  branches  of  the 
external  carotid  artery.  It  arises  in  the  parotid  gland  opposite  the  neck  of  the 
superior  maxilla;  and  then  runs  upward  to  the  scalp,  dividing  into  anterior 
and  posterior  branches. 

Operation. — The  artery  is  located  by  making  a  vertical  incision,  one  inch 
in  length,  between  the  tragus  of  the  ear  and  the  condyle  of  the  lower  jaw. 

Results. — Uniformly  favorable. 

Internal  Maxillary  Artery.— This  is  the  larger  of  the  terminal  branches  of 
the  external  carotid.  If  ligation  of  the  internal  maxillary  is  indicated,  it  is 
safer  and  better  to  ligate  the  external  carotid.  The  middle  meningeal  branch, 
in  cases  of  intracranial  hemorrhage,  is  tied  within  the  cranium. 

Middle  Meningeal  Branch  of  the  Internal  Maxillary  Artery. — This  artery 
arises  beneath  the  external  pterj-goid  muscle,  between  the  internal  lateral  liga- 
ment and  the  neck  of  the  inferior  maxillary  bone,  and  ascends  between  the  two 
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heads  of  the  auriculo-temporal  nerve  to  the  foramen  spinosum.  It  is  crossed 
by  the  chorda  tympani  nerve.  It  passes  through  the  foramen  spinosum  into 
the  cranium  and  divides  into  anterior  and  posterior  branches,  the  anterior 
branch  running  in  a  groove  or  canal  in  the  anterior  inferior  angle  of  the  parietal 
bone.  Externally,  the  bifurcation  is  located  3.8  cm.  (1^  in.)  behind  the  external 
angular  process  of  the  frontal  bone,  and  from  3.8  to  4.5  cm.  (1^  in.  to  If  in.) 
above  the  zygoma.  This  close  relationship  of  the  artery  to  the  parietal  bone 
explains  the  frequent  injury  of  the  artery  in  fractures  of  the  skull  at  that  situa- 


FiG.  275. — Ligature  of  the  Middle  Meningeal  Artery.  (After  Kocher.)  1,  Small  cut  in  the  tem- 
poral muscle,  to  diminish  tension;  2,  posterior  branch  of  the  middle  meningeal  artery,  3;  4,  tem- 
poral muscle,  pulled  to  one  side  to  give  access  to  the  opening  in  the  skull;  5,  crista  infratemporalis; 
6,  upper  margin  of  the  zygoma. 

tion,  especially  those  caused  by  severe  blows  upon  the  head.  Its  course  is 
upward  and  a  little  backward  to  the  sagittal  suture.  It  lies  about  three-fourths 
of  an  inch  posterior  to  the  coronal  suture.  It  is  located  in  this  situation  by 
measuring  one  inch  posterior  to  the  external  angular  process  of  the  frontal  bone 
and  one  and  one-half  to  one  and  three-fourths  inches  above  the  zygoma.  The 
posterior  branch  runs  in  a  shallow  groove  along  the  inner  surface  of  the  squa- 
mous portion  of  the  temporal  bone  and  passes  backAvard  and  upward.  In  the 
majority  of  cases  it  runs  somewhat  parallel  to  the  squamo-parietal  suture.  At 
the  beginning  it  is  within  three-fourths  of  an  inch  of  the  suture,  usually  within 
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one-half  inch  of  it,  and  it  gradually  approaches  the  suture  to  cross  it  about 
three-fourths  of  an  inch  from  the  posterior  end  of  the  vessel.     (Fig.  275.) 

Sites  for  Ligation. — The  common  trunk  and  its  anterior  and  posterior 
branches. 

LiGATiox  OF  THE  CoMMOX  Truxk. — Kocher's  Operation.  (Fig.  275.) — A 
curved  oblique  incision  is  made  in  such  a  manner  that  its  centre  shall  correspond 
to  the  site  of  the  trephine  opening,  which  should  fall  over  the  trunk  of  the  artery 
before  it  bifurcates.  The  incision  begins  at  the  external  angular  process  of  the 
frontal  bone,  passes  obliquely  backward  and  downward  to  the  posterior  end  of 
the  zygoma,  and  from  this  point  upward  and  backward  above  the  ear.  The 
incision  is  carried  down  through  the  periosteum  of  the  bone,  care  being  taken 
to  avoid  the  branches  of  the  facial  ners'^e  and  the  auriculo-temporal  nerve.  The 
temporal  muscle  is  detached  subperiosteaUy  and  brought  forward,  exposing 
the  squamous,  parietal,  and  sphenoid  bones.  The  detached  parts  should  be 
retracted  upward  and  forward,  and  then,  with  a  trephine  3.8  cm.  (one  inch  and  a 
half)  in  diameter,  a  disc  of  bone  should  be  removed  at  the  point  which  has 
already  been  mentioned.  The  removal  of  the  disc  exposes  the  artery.  The 
needle  is  passed  around  the  artery  and  care  is  taken  not  to  wound  the  brain. 
The  disc  of  bone  may  be  replaced  or  not  as  the  operator  deems  fit.  The  perios- 
teum and  its  overlying  tissues  are  returned  to  their  normal  positions  and  sutured. 
The  osteoplastic  flap  operation  of  Hartley  and  Krause  may  be  used  to  expose 
this  arter}'  in  special  instances. 

LiGATiox  OF  THE  AxTERioR  Braxch. — A  horscshoc-shaped  incision,  with  its 
centre  3.8  cm.  (one  inch  and  a  half)  posterior  to  the  external  angular  proc- 
ess of  the  frontal  bone,  and  3.8  to  4.5  em.  (one  and  one-half  to  one  and  three- 
fourths  inches)  distant  from  the  zygoma,  is  made  above  the  latter  bone.  The 
front  part  of  the  horseshoe  should  be  just  behind  the  external  angular  process, 
and  the  rear  part  should  correspond  to  a  line  that  runs  vertically  upward  from 
the  external  auditory  meatus.  The  incision  is  carried  through  the  periosteum, 
and  the  flap,  comprising  the  periosteum,  is  turned  upward.  The  bone  is  tre- 
phined as  in  the  previous  operation,  and  the  remaining  steps  are  as  previously 
described. 

LiGATiox  OF  THE  POSTERIOR  BiL\xcH. — The  extemal  incision  should  be 
horseshoe-shaped  and  its  centre  should  be  located  just  below  the  parietal  emi- 
nence. The  centre  of  the  trephine  opening  should  be  at  a  point  represented  by 
the  intersection  of  a  line  dra^\-n  horizontally  on  a  level  ^xith  the  roof  of  the  orbit, 
and  one  drauTi  vertically  from  directl}' behind  the  mastoid  process.  The  limbs 
of  the  horseshoe-shaped  incision  should  be  from  two  to  two  and  three-fourths 
inches  apart.  The  steps  in  the  operation  are  the  same  as  those  for  the  ligation 
of  the  anterior  branch. 
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General  Considerations. 

The  middle  meningeal  artery  and  its  branches  are  most  frequently  injured 
in  fractures  of  the  middle  fossa  of  the  skull,  and  this  fact  plays  an  important 
part  in  the  ligature  of  the  vessel.  Hemorrhage  from  these  vessels  as  a  result  of 
such  injuries  are  epidural  and,  with  torn  dura,  may  be  subdural.  The  former 
is  in  most  cases  readily  treated,  and  the  results  are  good  under  favorable  con- 
ditions. If  hemorrhage,  as  a  result  of  injuries  and  surgical  trauma,  be  progres- 
sive, it  will  be  indicated  by  the  following  conditions:  Progressive  hemiplegia; 
a  pulsating  epidural  clot ;  free  escape  of  fluid  blood  into  the  soft  parts ;  bleeding 
in  fissured  fractures  of  the  skull;  the  presence  of  fluid  blood  in  the  epidural 
cavity  after  the  removal  of  the  clot;  and  the  finding  of  the  bleeding  point  itself. 
The  hemorrhage  should  be  stopped  as  promptly  as  is  possible.  When  the 
bleeding  point  cannot  be  located  and  exposed,  the  hemorrhage  is  best  arrested 
by  ligature  of  the  external  carotid  and  by  the  appHcation  of  cold  to  the  head. 
When  the  point  of  hemorrhage  can  be  suitably  exposed,  the  vessel  should  be 
ligated  above  and  below,  and,  when  this  is  not  possible,  it  may  be  accomplished 
by  plugging  the  bleeding  points  with  catgut  or  kangaroo  tendon,  or  by  compres- 
sion against  the  internal  table  by  the  use  of  forceps,  one  blade  being  within  the 
cavity  and  one  blade  without.  When  compression  symptoms  result  from  hemor- 
rhage and  are  not  complicated  by  a  fracture,  Kroenlein's  method  of  exposure 
should  be  utilized.  (For  further  details  consult  the  article  on  Surgical  Affec- 
tions and  Wounds  of  the  Head,  in  Vol.  V.) 

It  should  also  be  remembered  that  this  artery  and  its  branches  are  apt  to 
vary  considerably  in  size  and  in  the  course  which  they  pursue,  and  the  operator 
should  examine  the  surgical  anatomy  of  the  part  before  attempting  operative 
interference. 

Internal  Carotid  Artery. — This  artery  was  first  ligated  by  Keith,  of  Aberdeen, 
Scotland,  in  1851.  In  1869  Dr.  Lee,  of  Kingston,  Tenn.,  successfully  ligated 
the  artery  in  a  case  of  stab  wound.  Simultaneous  ligature  of  the  internal  carotid 
results  in  about  fifteen  per  cent  of  deaths,  which  are  due  to  cerebral  compUca- 
tions.  Ligature  of  this  artery,  with  simultaneous  ligature  of  the  common  or 
external  carotid  artery,  has  been  performed  in  fifteen  cases. 

Surgical  Anatomy. — The  internal  carotid  is  the  larger  of  the  branches  of 
the  common  carotid  artery.  It  arises  opposite  the  level  of  the  upper  border  of 
the  thyroid  cartilage.  At  first,  it  lies  comparatively  superficial  and  slightly 
external  to  the  external  carotid  artery,  then  sinks  more  deeply  into  the  neck, 
passes  posteriorly  to  the  external  carotid,  and  ascends  in  front  of  the  transverse 
processes  of  the  upper  cervical  vertebra,  to  enter  the  carotid  canal. 

Operation. — ^An  incision  is  made  along  the  anterior  border  of  the  sterno- 
mastoid  muscle.    The  centre  of  the  incision  is  slightly  above  the  thyroid  car- 


EXPLANATION  OF  PLATE  XXIX. 

Exposure  of  Arteries  for  Purposes  of  Ligation. 

Figure  1.  • 

Common  Carotid  and  Subclavian  Arteries.     (After  Zuckerkandl.) 
c,  Common  carotid  artery;  F.  c,  deep  layer  of  the  cervical  fascia  divided;  ;,  pneumogastric  nerve; 

k,  sternocleidomastoid  muscle. 

Lower  dissection  exposes  the  subclavian  artery  under  the  clavicle,     a,  Subclavian  artery;  d,  deltoid 

muscle;  p,  pectoralis  major  muscle;  r,  brachial  plexus;  subclavian  vein. 

Figure  2. 

Dissection  of  the  Axilla.     (After  Roser.) 
3,  Subscapularis  artery  and  vein;  8,  median  nerve;  9,  ulnar  nerve;   10,  axillary  vein,  behind  which 

passes  the  ulnar  nerve. 

Figure  3. 

Posterior  Tibial  Artery  behind  the  Internal  Malleolus.     (After  Zuckerkandl.) 
/,  Beneath  the  divided  fascia  is  to  be  seen  the  cixrving  artery,  accompanied  by  two  veins. 

Figure  4. 

Anterior  Tibial  Artery.     (After  Zuckerkandl.) 

E.  h.,  Extensor  proprius  hallucis;  P.  p.,  deep  perineal  nerve,  and  behind  it  the  anterior  tibial  artery, 

surrounded  by  veins;  /.  a.,  divided  fascia. 

Figure  5. 

Posterior  Tibial  Artery.     (After  Zuckerkandl.) 
N.  t.  p.,  Posterior  tibial  ner^'e;  A.  t.  p.,  posterior  tibial  artery;  s,  soleus  muscle. 
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PLATE  XXIX. 


r 


DISSECTIONS  EXPOSING  VARIOUS  ARTERIES  FOR  LIGATION. 

(Arteries  in  red,  veins  in  blue,  and  nerves  in  yellow.) 
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tilage.  Further  steps  in  this  operation  are  the  same  as  those  for  ligating  the 
external  carotid  below  the  digastric  muscle.    (See  page  485.) 

Subclavian  Artery. — First  Portion. — The  first  portion  of  the  left  subclavian 
was  first  ligated  by  Dr.  J.  Kearney  Rogers,  of  New  York,  in  1845.  The  patient 
died  fifteen  days  afterward  from  hemorrhage.  Halsted,  of  Baltimore,  in  1898, 
successfully  ligated  it  in  extirpating  a  tumor.  Schumpert  has  also  successfully 
ligated  it  for  the  cure  of  an  aneurism.  The  first  portion  of  the  right  side  has  been 
ligated  twenty-two  times.  Nineteen  of  these  cases  ended  fatally,  eight  of  them 
as  the  result  of  hemorrhage.  Second  Portion . — Chilton,  of  St.  Thomas's  Hospital, 
cured  an  aneurism  of  the  third  portion  of  the  subcla\'ian  artery  by  Ugating  it 
at  the  inner  border  of  the  scalenus  anticus  muscle.  The  following  day  he 
ligated  the  axillary  arter}\  Dr.  B.  Farquhar  Curtis,  of  New  York,  reports  a 
case  of  aneurism  cured  by  ligating  the  vessel  with  two  strands  of  catgut, 
drawn  only  sufficiently  taut  to  occlude  the  lumen  of  the  vessel  without  divid- 
ing its  inner  coat.  Third  Portion. — Of  sixteen  cases  reported,  ten  were  fatal. 
Nine  cases  were  operated  on  for  aneurisms,  with  five  deaths;  seven  cases  for 
hemorrhage,  with  four  deaths.  These  operations  were  performed,  however,  be- 
fore the  aseptic  period.  The  three  cases  hgated  for  hemorrhage  since  the  aseptic 
period  all  ended  in  recovery.  Ligature  of  the  third  portion  was  first  attempted 
in  1809  by  Sir  Astley  Cooper,  but  he  was  unable  to  finish  the  operation.  In 
the  spring  of  the  same  year  Ramsden  hgated  the  artery,  but  the  case  ended 
fatally.  The  first  successful  ligature  was  accompUshed  by  Wright  Post,  of  New 
York,  in  1817. 

Surgical  Anatomy. — The  subclavian  arises  from  the  innominate  artery  on 
the  right  side,  and  from  the  arch  of  the  aorta  on  the  left  side.  The  right  is  about 
an  inch  shorter  than  the  left;  the  left  is  about  10  cm.  (four  inches)  in  length. 
The  vessels  on  both  sides  arch  over  the  pleura  at  the  root  of  the  neck  to  the 
lower  border  of  the  first  rib  and  there  become  the  axiUarj-  arteries.  The  centre 
of  the  artery  Ues  between  the  scalenus  anticus  and  the  medius  muscles,  and  is 
thereby  divided  into  three  parts,  the  first  and  third  portions  of  which  he  respec- 
tively internal  and  external  to  the  scalenus  anticus  muscle  and  are  of  much 
importance  surgically.  The  subclavian  vein  hes  anteriorly  and  inferiorly  to 
the  arteiy  and  in  front  of  the  scalenus  anticus  muscle.  (Plate  XXVIII.  Fig.  1; 
Plate  XXIX,  Fig.  1.) 

Guides. — The  muscular  guides  are:  superficially,  the  posterior  border  of 
the  sternomastoid;  and,  deeply,  the  scalenus  anticus  and  the  tuberosity  of 
the  first  rib.  The  Unear  guide  is  a  curved  line  with  its  convexity  upward, 
beginning  at  the  sternoclavicular  articulation  and  ending  at  the  middle  of  the 
inferior  border  of  the  clavicle. 

Operations. — Ligaturing  of  the  first  and  second  portions  is  extremely  dan- 
gerous; especially  so  is  ligaturing  of  the  left  subclavian  artery.  The  artery 
in  these  portions  is  deep-seated  and  difficult  to  reach.    It  may  be  exposed 
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either  by  Mott's  method  or  by  Curtis*  modification  of  Milton's  method 
of  exposing  the  anterior  mediastinum,  as  in  the  Ugature  of  the  innominate 
artery. 

Ligation  of  the  First  Portion  of  the  Right  Subclavian. — The  artery  is  exposed 
as  in  Mott's  operation  for  hgation  of  the  innominate.  (See  page  477.)  The 
subclavian  artery  is  cleared  and  identified,  care  being  taken  not  to  injure  the 
recurrent  laryngeal  and  the  phrenic  nerves  or  the  vertebral  artery.  The  pleura 
is  pushed  downward  and  outward  by  the  tip  of  the  finger,  and  the  needle  is 
passed  from  the  pleura  below  upward.  The  vertebral  artery  also  should  be 
ligated  through  the  same  opening. 

Ligation  of  the  First  Portion  of  the  Left  Subclavian.  (Plate  XXVIII,  Fig.  1.) 
— The  steps  in  this  operation  are  the  same  as  those  taken  for  ligating  the  right 
subclavian  as  far  as  the  exposure  of  the  common  carotid.  In  this  operation 
the  coYnmon  carotid  artery  and  the  pneumogastric  nerve  are  drawn  inward,  the 
internal  jugular  and  the  left  innominate  veins  are  drawn  outward  and  downward. 
Care  should  be  taken  to  guard  the  thoracic  duct,  which  arches  from  the  seventh 
cervical  vertebra  over  the  subclavian  artery,  in  front  of  the  scalenus  anticus 
muscle,  to  empty  into  the  left  subclavian  vein  at  the  junction  of  the  vein  with 
the  internal  jugular.  The  parts  should  be  relaxed  by  pulling  the  head  forward. 
The  common  carotid  is  followed  downward  until  the  subclavian  is  found  running 
outward  and  posteriorly  to  the  carotid.  The  artery  is  Ugated  under  the  same 
precautions  as  those  described  under  Ligation  of  the  Corresponding  Portion  of 
the  Right  Subclavian. 

Ligation  of  the  Second  Portion  of  the  Subclavian. — An  incision  is  made  from 
the  posterior  border  of  the  sternomastoid  extending  three  inches  along  and 
over  the  clavicle  to  the  anterior  border  of  the  trapezius.  Incise  skin,  fascia, 
platysma,  and  the  small  veins  and  nerves  as  encountered.  Expose  and,  when 
necessary,  divide  the  clavicular  attachments  of  the  sternomastoid  and  the 
trapezius;  then  divide  the  deep  cervical  fascia,  retracting  or  dividing  between 
two  ligatures  the  external  jugular  vein  and  its  branches.  If  the  transversalis 
colli  or  the  superscapular  arteries  come  into  view  they  should  be  carefully 
guarded  for  anastomotic  circulation.  Retract  upward  the  posterior  belly 
of  the  omohyoid,  and,  with  the  outer  margin  of  the  scalenus  anticus  as  a  guide, 
the  artery  may  be  located  by  following  the  muscles  to  the  tubercle  on  the  upper 
border  of  the  first  rib.  The  vein  will  be  found  in  front  of  the  artery  and  below 
it.  The  scalenus  anticus  should  be  retracted  inward,  care  being  taken  to  avoid 
the  phrenic  nerve,  which  crosses  obhquely  the  lower  anterior  surface  of  the 
scalenus  anticus. 

Ligation  of  the  Third  Portion  of  the  Subclavian.  (Plate  XXIX,  Fig.  1.) — 
The  steps  in  this  operation  are  practically  the  same  as  those  described  under 
ligature  of  the  Second  Portion.  When  the  artery  has  been  located  at  the  tubercle 
of  the  first  rib  it  is  traced  outward.     The  sheath  of  the  artery  is  opened  and 
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the  needle  passed  between  it  and  the  brachial  plexus,  the  subclavian  vein 
and  the  pleura  being  carefully  avoided. 

General  Considerations. — The  right  or  the  left  subclavian  may,  in  some 
instances,  pass  through  the  scalenus  anticus  muscle  or  it  may  pass  in  front  of 
it,  with  the  vein  behind  it.  The  right  at  times  takes  its  origin  from  the  arch  of 
the  aorta,  in  which  case  it  will  be  more  deeply  situated.  In  a  few  cases  the 
artery  courses  along  a  cervical  rib  and  may  even  be  found  an  inch  or  two  above 
the  clavicle  or  on  a  line  with  it.  If  the  stemomastoid  has  an  unusual  breadth 
of  attachment  the  incision  might  inadvertently  be  made  too  far  back.  The 
tubercle  of  the  first  rib  may  be  diminutive,  in  which  case  the  muscular  insertion 
into  the  rib  must  be  used  as  a  guide.  The  inner  cord  of  the  brachial  plexus  has 
at  times  been  mistaken  for  the  vessel. 

Vertebral  Artery. — Out  of  forty-four  cases  operated  upon,  three  were  fatal — 
one  from  hemorrhage,  one  from  embolism,  one  from  septic  plem-isy.  Twenty 
per  cent  of  all  cases  operated  on  for  epilepsy  improve,  but  the  general  results  do 
not  warrant  an  operation.  Dr.  Alexander,  who  did  much  of  this  work,  has 
long  ago  ceased  to  advocate  its  performance  for  the  relief  of  epilepsy.  The 
artery  was  first  ligated  by  Smyth,  of  New  Orleans,  in  connection  with  ligation 
of  the  innominate. 

Surgical  Anatomy. — It  is  generally  the  first  and  largest  branch  of  the 
subclavian  artery.  It  arises  from  the  first  part  of  this  artery  near  the  inner 
border  of  the  scalenus  anticus  muscle,  and  passes  upward,  backward,  and  out- 
ward to  enter  the  foramen  in  the  transverse  process  of  the  sixth  cervical  verte- 
bra. It  then  ascends  through  the  foramina  of  the  transverse  processes  of  all  the 
vertebrae,  and,  emerging  from  the  foramina  in  the  transverse  process  of  the  atlas, 
it  runs  in  a  groove  on  the  posterior  arch  of  the  atlas,  lying  in  the  suboccipital 
triangle,  and  passes  into  the  cranium  through  the  foramen  magnum  to  unite  with 
its  feUow  on  the  opposite  side,  there  to  form  the  basilar  artery. 

Linear  and  Bony  Guides. — The  linear  guide  is  a  "line  drawn  from  the 
posterior  part  of  the  mastoid  process  to  the  junction  of  the  inner  fourth  of  the 
clavicle  with  the  outer  three-fourths  of  the  same.  .  .  .  Should  difficulty  be 
experienced  in  finding  the  artery,  a  finger  must  be  inserted  to  the  bottom  of 
the  wound,  and  search  made  with  it  for  the  carotid  tubercle  of  Chassaignac,  at 
the  extremity  of  the  transverse  process  of  the  sixth  cervical  vertebra,  below  which 
the  pulsations  of  the  arter\'  may  be  felt."  (Lidell,  in  Ashhurst's  "International 
Encyclopaedia  of  Surgery,"  Vol.  II.,  pp.  748,  749.) 

Operations. — The  vertebral  artery  is  usually  ligated  in  its  cervical  portion, 
and  occasionally  in  the  occipital  portion.  The  operations  are  difficult  on 
account  of  the  depth  of  the  vessel,  the  proximity  of  important  structures, 
and  the  difficulty  of  differentiating  it  from  the  inferior  thyroid  and  the  ascending 
cervical  arteries. 

Chassaignac' s  Operation. — The  incision,  three  inches  in  length,  is  made  along 
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the  posterior  margin  of  the  sternomastoid  muscle,  almost  down  to  the  clavicle; 
the  external  jugular  is  divided  and  tied  between  two  ligatures,  or  else  is 
drawn  to  one  side.  The  muscles,  nerves,  and  veins  as  encountered  are  drawn 
to  the  inner  side;  the  deep  fascia  about  one  inch  below  the  carotid  tubercle  is 
opened,  and  the  space  between  the  scalenus  anticus  and  the  longus  colli  muscles 
is  enlarged  by  blunt  dissection.  Care  should  be  taken  to  avoid  the  ascending 
cervical  artery.  When  the  artery  is  exposed  the  ligature  is  passed  with  great 
care  so  as  not  to  include  any  of  the  fibres  of  the  sympathetic  nerve. 

Kocher's  and  Fray's  Method. — The  incision  is  made  along  the  anterior  border 
of  the  sternomastoid  muscle  to  its  sternal  attachment.  The  platysma  and 
fascia  are  divided,  the  sternomastoid  muscle  and  the  great  vessels  are  pulled 
outward,  and  the  sternohyoid  muscle  is  retracted  inward.  The  inferior  thyroid 
artery  is  located  and  the  prevertebral  fascia  is  divided  above  so  as  to  expose 
the  vertebral  artery  which  courses  vertically,  disappearing  at  the  lower  margin 
of  the  sixth  vertebra.  In  the  actual  ligation  the  same  care  of  the  wound  should 
be  exercised  as  has.  been  previously  noted. 

Mikulicz,  in  cases  in  which  it  is  difficult  to  find  the  vessel  because  of  existing 
pathological  conditions,  recommends  an  incision  along  the  posterior  border  of 
the  sternomastoid  from  the  level  of  the  thyroid  downward.  The  sternomastoid 
is  divided  3  cm.  (li  in.)  above  its  clavicular  attachment,  thus  exposing  the  ar- 
tery at  its  origin.  After  the  vessel  is  ligated  the  severed  muscle  should  be  sut- 
ured with  catgut. 

Helferich's  Method. — In  this  method  the  effort  is  made  to  avoid  confound- 
ing the  artery  with  neighboring  vessels,  the  artery  being  reached  through  the 
transverse  process  of  the  sixth  cervical  vertebra.  An  incision  is  made  along 
the  anterior  or  posterior  margin  of  the  sternomastoid  muscle,  and  the  muscle 
is  drawn  inward  or  outward  as  indicated.  The  carotid  tubercle  is  sought  for 
in  the  upper  part  of  the  wound,  and  the  periosteum  is  stripped  off  the  transverse 
process  of  the  sixth  cervical  vertebra.  The  outer  portion  of  the  process  is 
removed  with  bone  forceps,  thus  exposing  the  artery  and  the  vein  in  the  canal. 
The  large  vessels  and  nerves  of  the  neck  in  this  operation  do  not  come  into 
view.  The  inferior  thyroid  artery  is  located  below  the  process,  and  the  phrenic 
nerve  is  on  the  outer  side. 

Results. — No  bad  results  follow  this  operation,  as  a  rule.  A  hemiplegia 
may  appear,  but  it  usually  disappears  in  a  few  months.  Frequently  there  results 
a  contraction  of  the  pupil  on  the  same  side  as  the  ligature,  because  of  injury  to 
fibres  of  the  sympathetic  nerve  which  run  parallel  to  the  artery.  Barachz 
reports  ligation  of  both  vessels,  followed  by  a  temporary  hemiplegia.  An  in- 
terval of  two  weeks  occurred  between  the  operations.  Barachz  and  Alexander 
report  forty-one  cases  of  single  and  double  ligature  for  epilepsy  without  any 
bad  results. 

Inferior  Thyroid  Artery.— This  is  the  largest  branch  of  the  thyroid  axis. 
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It  takes  an  upward  and  outward  course  to  the  posterior  surface  of  the  thyroid 
gland,  and  passes  in  front  of  the  vertebral  artery,  recurrent  laryngeal  nerve, 
and  longus  colli  muscte.  Anterior  to  the  artery  are  the  great  vessels  and  nerves 
of  the  neck. 

Operation. — An  incision  about  three  inches  in  length  is  made  along  the 
anterior  border  of  the  stemomastoid  muscle,  with  its  centre  opposite  the  cricoid 
cartilage.  The  skin,  superficial  fascia,  and  platysma  muscles  are  divided; 
the  deep  fascia  is  divided,  and  the  stemomastoid  and  the  great  vessels  of  the 
neck  in  their  common  sheath  are  retracted  outward;  and  the  larj-nx  and  the 
th}Toid  gland  are  retracted  inward.  The  inferior  thyroid  artery  is  recognized 
by  its  horizontal  course  one-half  inch  below  the  carotid  tubercle,  and  the  part 
of  the  vessel  beyond  its  ascending  cervical  branch  is  sought,  The  sympathetic 
nerve  crosses  the  artery  at  right  angles,  and  is  pulled  outward.  The  ligature 
is  passed  from  below  upward,  care  being  taken  to  avoid  the  nerves  and  the 
inferior  thyroid  veins. 

Transversalis  Colli  and  the  Suprascapular  Branches  of  the  Thjrroid  Axis 
and  the  Subclavian  Artery. — These  are  but  rarely  ligated,  and  then  usually  as 
a  result  of  wounds,  in  which  case  they  are  cut  down  upon  and  tied  at  the  points 
where  they  are  wounded. 

Internal  Mammary  Artery. — This  artery  arises  from  the  lower  part  of  the 
subclavian  artery  near  the  inner  margin  of  the  scalenus  anticus  muscle,  passing 
downward,  forward,  and  inward  behind  the  cla\'icle  to  enter  the  thorax  behind 
the  cartilage  and  the  first  rib.  It  then  passes  downward  and  parallel  to  the 
external  margin  of  the  sternum,  being  separated  from  it  by  an  interval  of 
1.3  cm.  (one-half  inch).  At  the  interspace  between  the  sixth  and  seventh  costal 
cartilages  it  divides  into  the  superior  epigastric  and  the  musculophrenic  branches. 

Surgical  Anatomy. — In  the  neck  the  artery  is  covered  by  the  stemomastoid 
muscle,  subclavian  and  internal  jugular  veins,  and  the  phrenic  nerve.  Posterior 
to  it  are  the  pleura  and  the  innominate  vein.  In  the  chest  it  is  covered  by  the 
cartilages  of  the  first  to  the  sixth  ribs,  by  the  pectoralis  major,  and  by  the  inter- 
nal intercostal  muscles.  Posterior  to  it,  above,  is  the  pleura,  and  below  it  is 
the  triangularis  stemi  muscle. 

Operation. — The  arterj'  is  most  readily  reached  through  the  second  inter- 
costal space.  The -incision  is  made  downward  and  inward,  through  all  the  soft 
tissues,  to  the  anterior  intercostal  membrane,  which  is  divided;  the  deep  fascia 
of  the  chest  is  also  divided,  exposing  the  arterj'  with  its  vein  to  its  inner  side. 
The  needle  is  passed  between  the  vein  and  the  artery,  care  being  taken  not  to 
wound  the  pleura. 

The  vessel  can  be  ligated  in  any  of  the  five  upper  intercostal  spaces.  The 
course  of  the  vessel  is  indicated  by  drawing  a  line  one-half  inch  external  to  the 
outer  border  of  the  sternum  and  parallel  to  it.  The  vessel  Ues  midway  between 
the  borders  of  the  costal  cartilages. 

VOL.  IV.— 32 
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'  General  Considerations. — The  internal  mammary  artery  bleeds  vigorous- 
ly. The  bleeding  from  its  branches  seems  proportionately  vigorous.  Schwartz, 
in  liis  Koenigsberg  dissertation,  mentioned  52  cases  of  injury  of  the  internal 
mammary  artery  which  had  been  reported  during  the  past  century.  Seven 
of  these  injuries  occurred  during  operations.  Of  the  remaining  45  cases  9  ter- 
minated fatally,  by  reason  of  acute  hemorrhage.  Of  the  36  patients  who  sur- 
vived there  were  24  in  whom  the  wound  became  infected,  and  of  this  number 
18  died.  Of  the  12  patients  in  whom  infection  did  not  occur,  4  died.  Second- 
ary hemorrhage  occurred  in  21  cases.  Of  the  9  patients  who  died  of  acute 
hemorrhage  there  were  4  in  whom  the  hemorrhage  occurred  from  the  artery 
itself.  In  the  remaining  5  fatal  cases  the  hemorrhage  took  place  from  the 
lungs,  heart,  or  other  neighboring  structures. 

Axillary  Artery. — This  artery  wes  first  successfully  ligated  by  Dr.  Chamber- 
lain, of  Jamaica,  W.  I.,  in  1815.  His  operation  was  for  the  cure  of  a  traumatic 
aneurism. 

Surgical  Anatomy.  (Plate  XXIX,  Fig.  2;  Fig.  276.)— The  axillary  artery 
is  a  continuation  of  the  subclavian,  extending  from  the  lower  border  of  the  first 
rib  to  the  lower  border  of  the  tendon  of  the  teres  major  muscle,  where  it  be- 
comes the  brachial  artery.  Its  length  is  about  2  cm.  (one  inch  and  one-quar- 
ter), and  it  is  divided  into  three  parts  by  the  pectoraHs  minor  muscle. 

Linear  Guide. — A  line  draA\Ti  from  the  middle  of  the  clavicle  to  the  middle 
of  the  bend  of  the  elbow,  with  the  arm  placed  at  a  right  angle  to  the  trunk. 

First  Portion. — Anteriorly  it  is  in  close  relation  to  the  clavicular  portion 
of  the  pectoralis  muscles,  the  costocoracoid  membrane,  the  external  anterior 
thoracic  nerve,  and  the  acromiothoracic  and  cephalic  veins.  Posteriorly  lie 
the  first  intercostal  interspace,  the  first  intercostal  muscle,  the  second  and  a 
portion  of  the  third  digitations  of  the  serratus  magnus  muscle,  and  the  poste- 
rior thoracic  and  internal  thoracic  nerves.  Externally  lies  the  brachial  plexus. 
Internally  lie  the  axillary  vein,  which  also  overlaps  the  artery,  and  the  anterior 
internal  thoracic  nerve. 

Operation. — Divide  in  the  linear  guide  the  skin,  platysma,  supraclavicular 
nerves  and  fascia.  Divide  the  clavicular  origin  of  the  pectoralis  major  muscle, 
and  carefully  guard  the  acromiothoracic  artery  on  account  of  the  collateral 
circulation.  Near  the  coracoid  process  divide  vertically  the  costocoracoid 
membrane,  through  which  passes  the  cephalic  vein  to  empty  into  the  axillary 
vein ;  displace  the  membrane  upward  and  outward ;  expose  the  sheath  and  clear 
the  artery,  bringing  the  arm  nearer  to  the  body  so  that  the  axillary  vein  will  be 
transfei-red  from  over  the  artery  to  its  inner  side.  The  needle  is  passed  be- 
tween the  adjacent  nerve  cords  and  the  arterj'. 

Second  Portion. — This  portion  of  the  artery  lies  behind  the  pectoralis  minor 
muscle.  Anteriorly,  it  is  covered  by  the  pectoralis  major  and  minor  muscles; 
posteriorly,  lie  the  subscapularis  muscle  and  the  posterior  cord  of  the  brachial 


LIGATURE  OF  ARTERIES  AND  ^'EIXS. 


499 


plexus:  externally,  lies  the  outer  cord  of  the  brachial  plexus;  internally,  lie  the 
axillary  vein,  the  hiner  cord  of  the  bracliial  plexus,  and  the  internal  anterior 
thoracic  nerve. 

Operation.— Xo  special  description  for  ligature  at  this  situation  is  called 
for,  as  the  artery  may  be  reached  l>y  extendmg  the  incisions  described  under 
Ligature  of  the  First  Portion  and  Ligature  of  the  Third  Portion.  If  hgature 
at  this  immediate  position  of  the  artery  is  indicated,  the  vessel  may  be  reached 


Fig.  276. — Exposure  of  Axillarj-  and  Bracliial  Arteries.  (After  Zuckerkandl.)  a,  Coracobra- 
chialis  muscle :  b,  median  nerve;  c,  greater  internal  cutaneous  nerve;  d,  axillarj'  artery;  e,  lesser  inter- 
nal cutaneous  nerve;  /,  bicejw  muscle;  g,  braelual  artery;  h,  brachial  vein. 


by  dividing  the  tissues  do^\Ti  to  and  through  the  space  between  the  contiguous 
borders  of  the  deltoid  and  the  jDcctoral  muscles.  Tlie  pectorahs  minor  is  exposed 
and  drawn  do\Miward  and  the  artery  is  isolated.  Tlie  mam  vessel  and  its 
collateral  branches  are  ligated  in  the  usual  manner. 

Third  Portion. — ^This  ix)rtion  extends  from  the  lower  border  of  the  jx^c- 
toralis  minor  to  the  lower  border  of  the  tendon  of  the  teres  major  muscle.  In 
front  of  the  artery  are  the  skin,  the  superficial  fascia,  the  j:)ectorahs  major 
muscle,  the  deep  fascia  of  the  arm,  the  mternal  root  of  the  median  nerve,  and 
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the  external  brachial  vein.  Behind  it  are  the  musculospiral  and  circumflex 
nerves  and  the  subscapularis,  latissimus  dorsi,  and  teres  major  muscles.  In- 
ternally lie  the  internal  root  of  the  median  nerve,  the  ulnar,  internal  cuta- 
neous, and  lesser  internal  cutaneous  nerves,  and  the  axillary  vein. 

Operation.  (Fig.  276.) — An  incision  about  three  inches  in  length  is  made 
along  the  posterior  border  of  the  coracobrachiaUs  muscle,  from  the  juncture  of 
the  anterior  and  middle  thirds  of  the  axilla  along  the  linear  guide.  Expose  the 
inner  border  of  the  muscle  and  draw  it  and  the  musculocutaneous  and  median 
nerves  upward,  while  the  ulnar  and  internal  cutaneous  nerves  are  drawTi  inward. 
The  axillary  vein  is  slightl}'^  below  and  sUghtly  in  front  of  the  artery.  The 
needle  should  be  passed  between  the  vein  and  the  artery  and  as  far  away  from 
a  large  branch  of  the  artery  as  is  possible. 

General  Considerations. — Not  infrequently  the  radial  artery,  sometimes 
the  ulnar  and  possibly  the  interosseous,  arise  from  the  axillary.  Traumatic 
aneurism  of  this  vessel  is  of  comparatively  frequent  occurrence  from  violent 
movements  and  direct  injuries  in  the  efforts  at  reduction  of  a  dislocated  shoulder 
joint. 

Brachial  Artery. — Ligature  of  this  artery  is  of  historic  interest  on  account 
of  the  operation  which  Anel  brought  before  the  profession  for  the  cure  of  trau- 
matic aneurisms  of  the  elbow.  Before  the  aseptic  period  almost  one-third 
of  these  operations  resulted  fatally,  but  in  these  days  the  artery  is  ligated  with 
comparative  safety. 

Surgical  Anatomy. — The  brachial  artery  is  a  continuation  of  the  axillary 
artery  and  extends  along  the  anterior  and  inner  aspect  of  the  arm,  from  the 
lower  border  of  the  teres  major  muscle  to  about  1.3  cm.  (one-half  inch)  below 
the  bend  of  the  elbow.  It  divides  into  the  radial  and  ulnar  arteries.  The 
vessel  is  superficial  throughout  its  course.  Its  relations  are  as  follows:  An- 
teriorly, skin,  superficial  and  deep  fascias.  The  median  nerve  crosses  it  in  the 
middle;  the  median  basihc  vein  and  bicipital  fascia  cross  it  at  the  elbow. 
Posteriorly,  it  lies  from  above  downward  upon  the  long  head  of  the  triceps, 
the  musculospiral  nerve  and  superior  profunda  artery  intervening;  then  upon 
the  inner  head  of  the  triceps,  and  finally  upon  the  insertion  of  the  coraco- 
brachiaUs and  brachiaUs  anticus  muscles.  Externally,  it  is  in  relation  with 
the  commencement  of  the  median  nerve  and  the  coracobrachialis  and  biceps 
muscles.  Internally,  the  upper  half  is  in  relation  with  the  internal  cutaneous 
and  ulnar  nerves,  the  lower  half  with  the  median  nerve.  (Fig.  276;  Plate  XXIX, 
Fig.  1.) 

Linear  Guide. — A  line  extending  from  the  junction  of  the  middle  and 
anterior  thirds  of  the  axilla  to  midway  between  the  apices  of  the  bony  condyles 
of  the  humerus. 

Operation.  (Plate  XXIX,  Fig.  1.) — The  arm  being  abducted  and  semi- 
flexed, an  incision  about  2.3  in.  in  length  is  made  along  the  internal  bicipital 
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groove.  The  internal  edge  of  the  biceps  is  exposed  and  retracted  outward, 
when  the  artery  will  be  found  under  its  inner  border.  The  median  nen-e 
usually  crosses  the  artery  at  its  middle;  the  internal  cutaneous  nerve  lies  on 
its  inner  side.  The  vena^  comites  and  the  basiUc  vein  are  separated  from 
the  artery.  The  needle  is  passed  around  the  arterj-  between  itself  and  the 
nerv-e.  Do  not  let  the  arm  rest  in  such  a  posture  as  to  facilitate  the  error  of 
mistaking  the  triceps  for  the  biceps,  the  ulnar  nerve  for  the  median,  or  a  large 
profunda  artery  for  a  small  brachial.  The  possibiUties  of  anomaUes  should 
be  borne  in  mind,  especially  that  of  an  unusually  high  termmation  of  the  bra- 
chial. In  this  case  the  ligation  of  one  division  only  would  defeat  the  purpose 
of  the  operation. 

Ligation  at  the  Elbow. — The  brachial  artery  lies  in  the  interior  cubical  sulcus 
and,  covered  by  the  aponeurosis  of  the  biceps  muscle,  is  embedded  in  the 
depression  between  the  pronator  radii  teres  and  the  biceps  muscles.  The 
artery  in  this  position  is  accompanied  by  two  symmetrically  placed  veins; 
the  median  nerve  does  not  occupy  the  same  intimate  relation  to  the  arteiy  as 
it  does  in  the  arm,  being  displaced  to  the  ulnar  side  of  the  vessel.  Sepa- 
rated from  the  artery  by  the  bicipital  fascia,  and  situated  subcutaneousl)*, 
is  the  plexus  of  veins  (median  basilic  and  median  cephalic),  which  are  con- 
tinuous, in  the  flexm-e  of  the  elbow,  with  the  veins  of  the  forearm.  The  sim- 
plicity of  the  relations  existing  in  the  arm,  in  consequence  of  the  prominences 
formed  by  the  biceps  and  the  triceps  and  the  presence  of  the  internal  and 
external  bicipital  sulci,  is  replaced  at  the  flexure  of  the  elbow  joint  bj*  some- 
what complex  conditions  resulting  from  the  presence  of  two  large  groups  of 
forearm  muscles  arising  from  the  arm. 

Operation. — The  forearm  is  extended  at  the  elbow  joint  and  is  held  in  a 
position  of  maximum  supination.  Information  as  to  the  course  and  situation 
of  the  internal  bicipital  sulcus  is  sought  through  palpation.  An  incision 
about  two  inches  in  length,  \A-ith  its  centre  in  the  fold  of  the  elbow,  is  made 
along  the  internal  border  of  the  biceps  tendon. 

General  Considerations. — In  females,  owing  to  the  unusual  length  of  the 
internal  condyle,  the  primaiy  incision  should  be  made  midway  between  the 
apices  of  the  condyles.  The  chances  of  missing  the  artery  are  thus  diminished. 
Unusual  muscular  development  may  make  the  finding  of  the  artery  difficult,  in 
which  case  the  pulsation  of  the  vessel  ^^ill  indicate  its  location.  The  median 
ner\'e  may  pass  behind  instead  of  in  front  of  the  vessel,  and  for  this  reason  might 
be  includc<l  in  the  ligature  NAith  the  arteiy.  The  brachial  may  bifurcate  unusually 
high  up,  or  the  vessels  of  the  forearm  may  arise  from  the  axillarj-  artery,  in 
which  circumstances  the  number  of  vessels  encountered  in  the  arm  wiD  be  con- 
fusing. This  artery  may  accompany  the  ulnar  ners'e  behind  the  iimer  condyle. 
Reliance  should  be  placed  on  the  size  of  the  vessel  ami  upon  the  influence  which 
pressure  effects  upon  the  circulation  distal  to  the  site  of  the  proposetl  ligation. 
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Radial  Artery. — The  radial  artery  is  a  continuation  of  the  brachial  and  is 
the  smaller  of  its  terminal  branches.  It  begins  just  below  the  crease  in  the 
elbow,  passing  down  the  forearm  on  its  radial  side  to  the  wrist,  where  it  winds 
around  the  outer  surface  of  the  carpus,  beneath  the  external  tendons  of  the  thumb, 
to  the  upper  end  of  the  space  between  the  first  and  second  metacarpal  bones. 
It  then  passes  forward  between  the  two  heads  of  the  first  dorsal  interosseous 
muscle  into  the  palm  of  the  hand,  and  finally  crosses  the  metacarpal  bones  to 
the  ulnar  border  of  the  hand,  anastomosing  with  the  deep  branch  of  the 
ulnar  artery  to  form  the  deep  palmar  arch.     (Plate  XXVIII,  Fig.  3.) 

LiXEAR  Guide. — It  is  a  line  drawn  from  one-half  inch  below  the  crease  of 
the  elbow  joint,  midway  between  the  two  condyles,  to  the  inner  side  of  the 
styloid  process  of  the  radius. 

Operations. — The  artery  is  ligated  in  its  upper,  middle,  and  lower  thirds. 

Ligature  in  the  Upper  Third. — An  incision  two  or  three  inches  in  length  is 
made  along  the  inner  border  of  the  supinator  longus  muscle,  the  centre  of  the 
incision  corresponding  to  the  junction  of  the  upper  and  middle  thirds  of  the 
artery.  Divide  skin,  superficial  and  deep  fascias;  widen  the  space  between 
the  supinator  longus  and  the  pronator  radii  teres  muscles.  The  artery  will  be 
found  under  the  edge  of  the  supinator  longus. 

Ligature  in  the  Middle  Third. — The  incision,  two  and  a  half  inches  in  length, 
is  made  along  the  linear  guide,  with  its  centre  at  the  centre  of  the  forearm. 
Divide  the  skin,  the  superficial  and  the  deep  fascias,  retract  the  supinator  longus 
outward,  and  the  artery  will  be  found  lying  upon  the  flexor  sublimis  digito- 
rum  and  the  flexor  longus  pollicis.  The  radial  nerve  is  to  the  radial  side  of  the 
artery  and  may  not  come  into  view. 

Ligature  in  the  Lower  Third.  (Plate  XXVIII,  Fig.  3.) — The  incision,  2.5  to 
5  cm.  (one  to  two  inches)  in  length,  is  made  along  the  linear  guide,  between 
the  supinator  longus  and  the  flexor  carpi  radialis  muscles.  Divide  the  skin 
and  superficial  fascia;  displace  to  one  side  the  radial  vein,  or  any  branch  of  it, 
and  the  superficialis  vola)  artery  if  it  comes  into  view.  Then  divide  the  deep 
fascia  and  enlarge  the  space  between  the  tendons,  pushing  the  supinator  longus 
toward  the  outer  side  and  the  flexor  carpi  radialis  toward  the  inner,  and  thus 
exposing  the  artery  and  its  vena:*  comites.  The  anterior  branch  of  the  musculo- 
cutaneous nerve  accompanies  the  vessels. 

Ligature  of  the  Deep  and  Superficial  Palmar  Arches.  (Fig.  277.) — The  super- 
ficial and  deep  palmar  arches  can  well  be  considered  together.  Their  intimate 
relations  with  contiguous  nerves,  tendons,  etc.,  and  with  each  other,  along 
with  the  numerous  branches  given  off  by  each,  require  care  in  dissection  and 
tying,  especially  in  the  case  of  the  deep  arch,  because  of  the  close  association 
of  their  branches  with  each  other,  as  bearing  on  the  possibility  of  secondary 
hemorrhage. 

Linear  Guides. — The  linear  guide  of  the  superficial  arch  extends  from  the 
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palmar  border  of  the  thumb,  adductetl  to  a  right  angle,  directly  across  the 
pahii.  The  deep  arch  is  located  one-half  to  three-fourths  of  an  inch  nearer  the 
wrist  joint.  In  crush  injuries  of  the  pahn,  secondary-  hemorrhage  is  of  common 
occurrence. 

In  the  operation  for  ligaturing  the  deep  palmar  arch  the  patient's  hand 
should  be  extended.    The  limb  as  a  whole  should  be  supine.    An  incision  is 


Fig.  277. — Ligatures  of  the  Superficial  and  Deep  Palmar  Arteries.  (After  Kocher.)  a,  Super- 
ficial palmar  arch:  6,. tendon  of  the  flexor  sublimis  digitoruni  to  the  fourth  finger:  d,  opponens  pwUicis 
muscle;  e,  median  ner\-e  to  the  middle  and  the  ring  fingers:  /,  median  ner\-e  to  the  index  finger  and  to 
the  thumb;  h,  adductor  pollicis  muscle;  i,  first  lumbrical  muscle;  /,  tendon  of  the  flexor  sublimis 
digitorum. 

made  a  half-inch  or  so  above  that  for  the  superficial  arch,  as  indicated  above. 
Divide  the  skin'  and  the  superficial  fascia;  expose  and  ligate  the  superficial 
palmar  arch;  divide  the  muscles  of  the  thenar  eminence;  and,  at  the  upper  end 
of  the  wound,  divide  as  little  of  the  annular  Ugament  as  possible.  Then  the 
flexor  tendon  of  the  index  finger,  its  lumbrical  muscle,  and  the  muscles  of  the 
thumb  arc  retracted  from  one  another,  exposing  the  adductor  obliquus  pollicis, 
which  is  divided.    The  deep  palmar  arch  \\-ill  be  found  beneath  it,  running  trans- 
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versely  across  the  hand.  In  this  deep  wound  the  needle  is  to  be  carefully  passed 
so  as  to  avoid  nerves  and  veins. 

In  ligaturing  the  superficial  palmar  arch  (Fig.  277)  the  operation  is  done  as 
follows :  The  limb  being  in  a  supine  posture,  the  hand  extended,  and  the  fingers 
and  wrist  steadied,  incise  the  skin  along  the  linear  guide.  The  artery  will  be 
found  in  the  underlying  fat.  The  median  and  uhiar  nerves  and  the  flexor  ten- 
dons will  be  found  underneath  the  vessel.  When  unable  to  locate  the  arch, 
ligate  the  ulnar  artery  at  the  pisiform  bone. 

Ulnar  Artery. — This  artery  is  the  larger  of  the  terminal  branches  of  the 
brachial  artery.  It  commences  half  an  inch  below  the  bend  of  the  elbow;  its 
upper  end  crosses  the  forearm  obUquely  with  a  slight  convexity  to  the  ulnar 
side.  The  lower  half  runs  along  the  ulnar  border  of  the  forearm  to  the  wrist, 
where  it  crosses  the  annular  Hgament  to  the  radial  side  of  the  pisiform  bone 
and  enters  the  palm,  to  divide  into  the  superficial  and  deep  palmar  branches. 
These  branches  enter  into  the  formation  of  the  superficial  and  deep  palmar 
arches.     (Plate  XXVIII,  Fig.  3.) 

Linear  Guide. — This  is  formed  by  drawing  a  line  from  the  internal  condyle 
to  the  radial  side  of  the  pisiform  bone. 

Operations. — The  artery  is  Ugatured  in  its  upper,  middle,  and  lower  thirds. 
Ligature  of  the  upper  third  is  only  very  exceptionally  called  for. 

Ligature  of  the  Middle  Third. — Divide  skin  and  superficial  fascia,  exposing 
the  internal  cutaneous  nerves  and  the  anterior  uhiar  vein,  which  is  drawn  to 
one  side.  The  deep  fascia  is  divided  a  Httle  to  the  outside  of  the  above  incision, 
as  the  flexor  carpi  ulnaris  slightly  overlaps  the  flexor  subHmis  digitorum;  these 
muscles  are  then  well  retracted,  exposing  first  the  ulnar  nerve  and,  internal  to 
it,  the  ulnar  artery  surrounded  by  its  vense  comites.  The  incision  should  be 
about  two  inches  in  length. 

Ligature  of  the  Lower  Third. — An  incision  two  inches  in  length  is  made  along 
the  linear  guide  to  the  radial  side  of  the  tendon  of  the  flexor  carpi  ulnaris,  ter- 
minating about  one  inch  above  the  pisiform  bone.  Tlie  muscular  belly  of  the 
muscle,  which  extends  almost  to  the  wrist,  is  retracted  outward,  and  the  ulnar 
artery,  accompanied  by  its  vense  comites,  is  exposed.  The  ulnar  nerve  is  to  the 
ulnar  side  of  the  artery,  and  the  needle  is  passed  between  it  and  the  nerve. 

Intercostal  Arteries.— The  nine  or  ten  intercostal  branches  of  the  thoracic 
aorta  supply,  as  a  rule,  the  parts  from  the  third  to  the  eleventh  intercostal 
spaces  inclusive.  The  first  intercostal  space  is  supphed  by  the  superior  inter- 
costal alone ;  and  the  second  space  is  suppUed  either  by  the  superior  intercostal 
alone  or  by  it  and  the  first  aortic  intercostal.  The  branch  below  the  twelfth 
rib  is  known  as  the  subcostal  artery.  The  vertebral  portions  of  the  inter- 
costal arteries  arise  in  pairs  from  the  posterior  part  of  the  thoracic  aorta  and 
pass  around  the  vertebrae.  The  arteries  divide  into  dorsal  and  intercostal 
branches;  the  intercostal  branches  run  forward  and  obliquely  upward  in  the 
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intercostal  space  and  di\'ide,  at  the  lower  border  of  the  superior  rib  near  its 
angle,  into  upper  and  lower  branches. 

Ligation  of  an  Intercostal  Artery. — The  patient  is  supine,  the  trunk 
turned  so  as  to  leave  the  site  of  operation  readily  accessible,  and  the  chest  is 
supported  below  so  as  to  increase  the  width  of  the  intercostal  spaces.  An  inci- 
sion, 5  cm.  (two  inches)  in  length,  is  made  paraUel  to  and  just  below  the  lower 
border  of  the  rib,  in  the  groove  of  which  runs  the  vessel  to  be  operated  on, 
Tlie  skin  and  superficial  fascia  are  di\nded,  and  then  the  overhdng  muscular 
tissues  of  the  chest  are  incised,  exposing  the  intercostal  fascia,  which  is  also 
incised.  The  external  intercostal  muscle  is  di\'ided,  the  cut  edges  are  drawn 
upward  and  downward,  and  the  arterj-  is  sought  for  in  the  inferior  intercostal 
groove.  The  intercostal  ner\'e  will  be  below  it,  and  the  vein  above  it.  With  an 
aneurismal  needle  the  artery  should  be  drawn  into  view  and  divided  between 
two  ligatures.  The  intercostal  muscle  and  fascia  are  to  be  sutured  with  catgut. 
In  some  cases  it  may  be  necessary-  partially  to  excise  a  rib  in  order  to  get  at 
this  vessel.  In  this  case  the  incision  is  made  directly  over  a  rib,  and  the  tis- 
sues are  di\'ided  down  to  and  including  the  periosteum.  With  the  periosteum 
elevator  the  periosteum  is  freed  from  the  lower  half  of  the  anterior  surface  of 
the  bone,  from  its  inferior  groove,  and  from  the  lower  half  of  the  posterior 
groove,  all  subperiosteally.  Then  a  half  button  of  bone  is  removed  with  a 
rongeur  forceps,  care  being  taken  to  insert  the  lower  blade  of  the  rongeur  be- 
tween the  bone  and  its  detached  periosteum.  Finally,  the  periosteal  membrane 
is  incised  directly  over  the  artery.     (Hartley.) 

Abdominal  Aorta. — This  artery  was  first  ligated  by  Sir  Astley  Cooper  in 
1817.  His  patient  lived  forty  hours.  In  1842  Monteiro,  of  Rio  de  Janeiro, 
ligated  this  vessel,  and  his  patient  lived  ten  days.  In  1856  South  operated  on 
a  patient  who  lived  forty-tlu-ee  hours:  in  1869  Watrous  operated  on  one  who 
sur\-ived  five  hours.  In  1899  Keen,  of  Philadelphia,  ligated  this  vessel,  and  the 
patient  sur/ived  the  operation  forty-eight  daj's.  In  1900  Tillaux  Ugated  the 
vessel,  and  the  patient  survived  for  thirty-nine  days.  In  1902  Morris,  of  New 
York,  ligated  the  abdominal  aorta,  and  his  patient  survived  fifty-three  hours. 
Out  of  the  fifteen  cases  reported,  eight  succumbed  a  few  hours  after  operation. 
Keen's  case,  at  autopsy,  showed  that  the  aorta  had  ulcerated  at  the  point 
where  the  ligature  had  been  appUed,  despite  the  fact  that  he  had  used  four  large 
silk  sutures.  The  patient  died  of  hemorrhage.  Keen  concluded  from  his  ob- 
servations that,  although  a  patient  may  live  after  ligation  of  the  aorta,  the 
aorta  will  eventually  be  cut  thi-ough  by  any  ligature  that  can  be  appUed,  be- 
cause of  the  strong  expansile  tug  at  the  point  of  ligation.  Morris,  in  his  case  of 
aneurism,  ligated  the  arterj^  above  and  below  the  sac  with  rubber  catheters, 
which  he  removed  after  twenty-five  hours.  The  patient  died  of  peritonitis  on 
the  third  day  after  operation.  The  autopsy  showed  an  apparently  satisfactory- 
clot  in  the  aneurism.    Although  the  results  of  this  Ugature  have  been  uni- 
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formly  fatal,  the  hopes,  meagre  though  they  are,  which  are  inspired  by  the 
cases  enumerated  above,  prompt  the  giving  of  a  description  of  the  technique 
of  this  operation.  Two  methods  are  employed — the  transperitoneal  and  the 
retroperitoneal  operation.     The  first  is  the  more  desirable  method. 

Transperitoneal  Method. — A  vertical  incision  four  inches  in  length,  with  its 
centre  on  a  level  with  the  umbilicus,  is  made  slightly  to  the  left  of  the  navel. 
If  the  incision  be  placed  so  as  to  invade  the  rectus,  additional  reparative  security 
will  be  attained.  Divide  all  the  tissues  through  to  the  peritoneal  cavity  as  in 
any  laparotomy.  Retract  the  small  intestines  and  mesentery  upward  and  to 
the  sides;  and,  with  the  fingers  as  a  guide,  trace  the  artery  upward  from  its 
bifurcation.  It  is  detected  by  its  pulsations.  The  peritoneum  covering  it, 
between  its  inferior  and  its  mesenteric  branch,  is  vertically  divided,  care  being 
observed  not  to  injure  the  sympathetic  fibres  resting  on  its  anterior  surface. 
The  ligature  is  applied  below  the  inferior  mesenteric  artery.  Heavy,  flat  kanga- 
roo tendon.  No.  4  chromicized  catgut,  or  soft  silk  floss  should  be  the  ligature 
material  used.  The  Ballance-Edmunds  knot  is  available  here.  The  needle  is 
passed  between  the  aorta  and  the  inferior  vena  cava. 

Retroperitoneal  Method. — The  patient  is  placed  on  his  right  side;  the  surgeon 
stands  behind  the  patient  and  upon  the  side  of  the  operation.  The  incision 
starts  1.3  cm.  (one-half  inch)  above  Poupart's  ligament  and  passes  upward 
and  outward,  parallel  to  the  ligament,  to  the  anterior  superior  spine;  and  is 
carried  upward  in  the  cleavage  line  of  the  external  oblique  as  far  as  the  case 
calls  for.  Additional  room  may  be  obtained  by  making  a  right-angle  continua- 
tion of  the  incision,  having  it  run  parallel  to  the  rib.  Incise  the  skin  and  super- 
ficial fascia,  exposing  and  ligating  the  superficial  epigastric  and  branches  of  the 
superficial  iliac  arteries  and  their  veins,  antl  then  expose  the  aponeurosis  of  the 
external  oblique  muscle.  Incise  the  aponeurosis  in  its  cleavage  line,  continuing 
the  incision  upward  and  separating  the  fibres  of  the  muscles  and  the  fibres  of 
the  internal  oblique  and  transversalis  muscles  as  far  upward  toward  the  eleventh 
rib  as  is  necessary.  The  incision  of  the  latter  muscles  corresponds  in  direction 
to  the  separation  of  the  external  oblique.  The  dorsal  nerves,  as  encountered 
between  the  internal  oblique  and  transversalis  muscles,  are  to  be  carefully 
preserved.  The  deep  circumflex  iliac  artery  and  the  lumbar  arteries  are  likely 
to  be  found  above  the  crest  of  the  ilium.  Divide  the  transversalis  fascia  and 
separate  the  peritoneum  from  the  iliac  fascia,  drawing  it  backward  and  down- 
ward to  the  psoas  muscle,  and  then  upward  to  the  sacral  promontory,  thus 
exposing  the  floor  of  the  iUac  fossa.  We  find  first  the  external  iUac  artery,  then 
the  common  iUac,  and  then  the  deep  epigastric  arteries.  The  external  cutaneous, 
genito-crural,  and  the  anterior  crural  nerves  and  the  spermatic  arteries  cross 
this  area.  The  ureter,  opposite  the  first  piece  of  the  sacrum,  obliquely  crosses 
either  the  common  iliac  or  the  external  iliac  artery,  having  the  ilium  in  front 
of  it  on  the  right  and  the  sigmoid  flexure  of  the  colon  on  the  left.     As  a  rule, 
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however,  the  ureter  adheres  to  the  peritoneum  and  is  thus  withdra-^ii  from  the 
field  of  operation.  Tlie  arter}-  ha\-ing  been  reached  by  foUoAnng  up  the  conmion 
iliac  and  reflectmg  back  the  peritoneum  from  the  iliac  fossa,  the  ligature  is 
placed  in  the  same  position  as  in  the  transperitoneal  method. 

Common  Hiac  Arteries. — The  common  iliac  was  first  hgated  in  1812  by 
"\V.  Gibson,  of  Philadelphia.  Valentme  Mott,  of  New  York,  in  1827,  ligated 
the  common  iliac  arteries  for  a  case  of  aneurism  of  the  internal  iUac  branch 
by  the  extraperitoneal  route.  His  method  is  followed  to-day  and  is,  for 
some,  the  operation  of  choice,  many  othei-s  regarding  the  transperitoneal 
through  the  rectus  as  the  better.  Ligature  has  been  successfully  applied  to  this 
artery  many  times;  nevertheless,  the  mortality  still  remains  high. 

Surgical  Anatomy. — The  common  ihac  arises  from  the  bifurcation  of  the 
abdominal  aorta  opposite  the  lower  border  of  the  left  side  of  the  fourth  lumbar 
^•ertebra.  This  point  corresponds  to  a  line  passing  transversely  through  the 
highest  points  of  the  ifiac  crests.  Tlie  arteries  (one  for  each  side)  pass  outward 
and  downward  over  the  body  of  the  fifth  lumbar  vertebra  to  the  edge  of  the 
pelvis,  di^-idulg  opposite  the  border  of  the  sacro-iliac  sjTichondrosis  into  the 
e.xternal  and  internal  iliac  arteries. 

Relations  of  the  Right  Common  Iliac  Artery. — Anteriorly:  the  peritoneum,  right 
ureter,  ovary  (in  females),  terminal  branches  of  the  superior  mesenteric  arter}-, 
branches  communicating  between  the  sympathetic  and  the  hj-pogastric  plexus  of 
nerves.  Posteriorly :  right  conmion  ifiac  ^'ein,  termination  of  the  left  common 
iliac  vehi,  beginning  of  the  inferior  vena  cava.  Externally:  inferior  vena  cava, 
right  common  ifiac  vein,  termination  of  the  left  conmion  iliac  vein,  and  the  hypo- 
gastric plexus  of  nerves. 

Relations  of  the  Left  Common  Iliac  Artery. — Anteriorly :  peritoneum,  small 
intestines,  ureter,  ovarian  artery  (in  females),  branches  communicating  between 
the  sympathetic  and  the  hypogastric  plexus  of  nerves,  inferior  mesenteric  artery, 
sigmoid  flexure  and  sui^erior  hemorrhoidal  artery.  Posteriorly:  lower  part  of 
the  fourth  lumbar  vertebra,  fifth  lumbar  vertebra,  and  the  left  common  ifiac 
vein.  Externally:  psoas  muscle.  InteruaUy:  left  common  ifiac  vein,  hypo- 
gastric plexus,  middle  sacral  artery. 

Rksllts. — Out  of  sixty  ca.ses  reported,  eighteen  resulted  in  recovery.  Of 
this  number  thirtj'-four  were  operated  on  for  aneurism,  eighteen  for  hemorrhage, 
and  eight  for  mafignant  disease.  The  fatafities  were :  twenty-two  for  aneurisms, 
fourteen  for  hemorrhage,  and  six  for  mafignant  disease.  Ninety  per  cent 
of  these  cases,  however,  were  done  before  the  aseptic  period. 

Linear  Guide. — Two  transverse  fines  are  drawn  across  the  abdomen — one 
between  the  highest  points  of  the  crests  of  the  ifium,  the  second  between  the 
anterior  superior  ifiac  spines.  Then  a  third  fine  is  drawn  midway  between  the 
symphysis  pubis  and  the  anterior  superior  iliac  spine  to  within  half  an  inch  of 
the  other  side  of  the  centre  of  the  first  line.     Tliat  part  of  the  last  line  wliich 
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lies  between  the  first  two  lines  indicates  the  position  of  the  common  iliac;  and 
that  part  of  the  third  line  which  lies  below  the  second  line  indicates  the  position 
of  the  external  ihac. 

Operations. — Retroperitoneal  and  transverse  peritoneal  methods. 

Retroperitoneal  Method. — An  oblique  incision  is  made  1.3  cm.  (one-half  inch) 
above  and  parallel  to  Poupart's  ligament.  The  incision  extends  to  the  anterior 
superior  iliac  spine  and  is  prolonged  upward  through  the  cleavage  in  the  external 
oblique  muscle.  By  separating  the  fibres  of  the  external  oblique  and  dividing 
the  fibres  of  the  internal  oblique  and  the  transversalis  muscles,  one  may  readily 
continue  the  opening  as  far  up  toward  the  eleventh  rib  as  may  seem  necessary. 
The  incision  through  the  fibres  of  the  latter  muscles  should  correspond  in  direc- 
tion to  the  line  of  separation  of  the  fibres  of  the  external  oblique.  In  the  higher 
portion  of  the  wound  the  dorsal  nerves  may  be  met,  and  they  should  be  carefully 
preserved.  After  the  transversalis  fascia  has  been  divided  and  the  peritoneum 
has  been  separated  from  the  iliac  fascia,  the  former  is  pulled  downward  and 
backward  to  the  psoas  muscle,  and  the  floor  of  the  iliac  fossa  is  closed.  The 
conditions  met  with  here  are  the  same  as  those  encountered  in  the  retroperitoneal 
operation  for  the  ligature  of  the  abdominal  aorta.  (See  page  506.)  The  artery 
having  been  reached  and  separated  from  the  peritoneum,  the  needle  is  passed 
between  it  and  the  iliac  vein. 

Transperitoneal  Method. — The  steps  for  ligatiu'e  of  the  left  conmion  iliac  are 
practically  the  same  as  for  ligature  of  the  abdominal  aorta;  the  fibres  of  the 
left  rectus  muscle  being  included  in  the  incision  with  the  view  of  gaining  greater 
reparative  security.  Briefly  stated,  tho  right  common  iliac  may  be  approached 
through  the  right  rectus,  near  the  linea  alba,  by  an  incision  (four  inches  in  length) 
the  centre  of  which  corresponds  to  a  line  drawn  on  a  level  with  the  crests  of  the 
ilium,  and  the  left  common  iliac  through  an  incision  made  at  the  centre  of  the 
left  rectus  and  corresponding  in  other  respects  to  the  one  just  described.  Special 
care  should  be  taken  to  see  that  the  ureter  is  properly  isolated,  so  that  it  shall 
not  be  injured  before  the  peritoneum  is  incised. 

General  Considerations. — These  operations  are  attended  with  considera- 
ble danger.  Care  should  be  observed  not  to  puncture  the  iliac  veins,  not  to 
include  the  ureter  in  the  ligature,  and  not  to  injure  the  peritoneum.  The 
patient  should  be  thoroughly  anaesthetized,  so  as  to  reduce  to  a  minimum 
the  chances  of  struggling,  vomiting,  or  coughing  which  would  interfere  with  the 
operation.  The  peritoneum  should  be  handled  as  little  and  as  gently  as  is  prac- 
ticable. It  should  be  remembered  also  that  the  vessel  is  at  times  difficult  of 
location  and  that  its  origin  and  course  may  be  abnormal. 

Internal  Iliac  Artery.— This  artery  was  first  ligated  by  Dr.  W.  Stevens,  of 
Santa  Cruz,  in  1812.  It  is  a  difl5cult  vessel  to  ligate  because  of  the  relations 
that  the  ureter  and  veins  bear  to  it. 

Surgical  Anatomy. — The  internal  iliac  artery  arises  from  the  bifurcation 
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I  of  the  common  iliac,  and  descends  into  the  pelvis  as  far  as  to  the  upper  margin 
[of  the  great  sacrosciatic  foramen,  dividing  into  anterior  and  posterior  branches, 
[it  is  about  4  cm.  (one  inch  and  one-half)  in  length. 

Relatioxs. — Anteriorly:    peritoneum,   ureter;    posteriorly:     external  iUac 
!  A'ein,  internal  iliac  vein,  psoas  muscles,  lumbosacral  cord,  obturator  nerve,  and 
^the  sacrum ;  externally :  psoas  muscle;  internally:  internal  iliac  vein,  peritoneum. 
Results. — Out  of  seventy-four  cases  reported,  twenty-five  were  fatal.     The 
great  majority  of  fatalities  resulted  from  attempts  to  cure  aneurism  and  to  arrest 
hemorrhage.     By  the  transperitoneal  method  the  results  have  been  fairly  good. 
Out  of  five  cases  operated  on  for  aneurisms,  one  was  fatal.     The  late  Dr.  Pryor, 
[of  New  York,  through  a  median  abdominal  incision,  simultaneously  ligated  both 
[vessels  for  malignant  disease  of  the  uterus.    Out  of  thirty-four  cases  one  termi- 
'nated  fatally.    Meyer,  of  New  York,  simultaneously  ligated  with  operative  suc- 
'cess  both  vessels  for  prostatic  enlargement.    As  the  technique  and  control  of 
[asepsis  are  being  brought  more  and  more  to  perfection,  the  transperitoneal 
[instead  of  the  retroperitoneal  becomes  the  method  of  choice.    The  transperi- 
toneal method  requires  us  to  prepare  the  patient  in  a  more  thorough  manner; 
lit  gives  us  a  better  view  of  the  field  of  operation;  it  permits  of  the  vessels  beir:g 
( ligated  higher  up  without  motlifying  the  incision ;  and,  as  the  sac  is  less  disturbed, 
there  is  less  danger  of  hemorrhage  in  operating  on  an  aneurism.    The  possible 
dangers  of  peritonitis  and  shock  are  much  outweighed  by  the  actual  advantages 
over  the  old  methoi^l. 

The  chief  dangers  in  this  operation  are  from  gangrene  of  the  limb,  peritonitis, 
and  secondary  hemorrhage. 

Precautions. — These  are  the  same  as  those  noted  in  the  section  devoted  to 
the  external  iliac.     (See  page  514.) 

Operations. — The  internal  iliac  artery  may  be  operated  on  either  by  a 
retroperitoneal  or  by  a  transperitoneal  method.  These  operations  are  prac- 
tically the  same  as  those  described  for  the  ligation  of  t4ie  common  iUac  arter}\ 
After  the  common  iliac  has  been  exposed,  the  internal  is  sought  for  by  following 
it  to  its  bifurcation.  The  linear  guide  is  the  same  as  that  described  under 
ligature  of  the  common  iliac  artery  (page  507). 

Obturator  Artery. — This  artery  arises,  as  a  rule,  from  the  anterior  division 
of  the  internal  iliac,  but  often  from  the  posterior  di\ision.  It  runs  downward 
and  forward  from  below  the  brim  of  the  jielvis  to  the  upper  end  of  the  obturator 
foramen,  and  divides,  on  its  exit  from  the  foramen,  into  external  and  internal 
branches. 

Operation. — The  patient  is  supine,  with  the  limb  slightly  abducted  and 
rotated  outward.  The  artery  is  ligated  at  its  exit  from  the  thyroid  foramen.  An 
incision  is  made  vertically  from  a  point  about  2.3  cm.  (three-fourths  of  an  inch) 
internal  to  the  centre  of  Poupart's  ligament,  and  extends  do\Miward.  The  skin, 
the  superficial  fascia,  and  the  fascia  lata  are  di^^ded.     The  internal  saphenous 
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vein  is  pulled  outward.  The  fascia  over  the  peritoneum  is  incised  just  internal 
to  the  femoral  vein.  The  muscle  is  drawn  inward,  thus  separating  it  from  the 
pubic  bone  and  from  the  fascia  of  the  obturator  externus.     The  fascia  of  the 

obturator  externus  is  then  di- 
vided so  as  to  expose  the  mus- 
cle to  view.  The  upper  border 
of  the  muscle  is  followed  to  the 
inferior  margin  of  the  obturator 
foramen — to  the  groove  intend- 
ed for  the  vessels  and  the  nerve, 
where  they  arc  to  be  found  I3'- 
ing,  the  nerve  above  and  the 
vein  below. 

Sciatic  Artery.— This  artery 
is  the  larger  of  the  branches 
of  the  interior  trunk;  it  passes 
above  the  sacral  plexus  and  the 
pyriformis  nmscle  to  the  lower 
part  of  the  great  sacrosciatic 
foramen,  where  it  passes  out  of 
the  pelvis  on  to  the  buttocks, 
beneath  the  gluteus  maximus 
muscle,  descending  half  way 
between  the  trochanter  major 
and  the  tuberosity  of  the  ischi- 
um.    (Fig.  278,  3.) 

Operation. — The  patient  is 
placed  upon  the  opposite  side 
with  the  knee  flexed  and  the 
thigh  rotated  inward.  The  lin- 
ear guide  is  drawn  from  the 
posterior  superior  iliac  spine  to 
the  outer  border  of  the  tuber- 
osity of  the  ischium.  The  in- 
cision, about  10  cm.  (four  inches) 
in  length,  should  cross  the 
linear  guide  obliquely  in  the 
direction  of  the  fibres  of  the  glu- 
teus maximus  muscle.  Incise 
the  skin  and  the  fatty  tissue,  and  the  separate  fibres  of  the  gluteus  maxinuis 
in  their  cleavage  line;  retract  the  divided  margins  upward  and  downward  respec- 
tively, exposing  the  lower  margin  of  the  i)yriformis  muscle.     The  artery  will 


Fig.  278. — Anatomical  Relations  at  tho  Back  of  the 
Tliigli  and  in  the  Gluteal  Region.  (After  Testut.)  1, 
Gluteal  artery  and  its  branches;  2,  internal  pudic;  3,  sci- 
atic and  its  branches;  4,  artery  supplying  the  sciatic 
nerve;  5,  5',  terminal  branches  of  the  posterior  circum- 
flex; 6,  7,  and  8,  first,  second,  and  third  perforating 
arteries;  9,  popliteal  artery  emerging  froni  the  ring 
formed  by  the  adductors. 
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(be  found  emerging  from  beneath  the  muscle;  it  passes  over  the  spme  of  the 
'  ischium  and  lies  posterior  and  external  to  the  pudic  artery. 

Internal  Pudic  Artery.  (Fig.  278,  2.) — This  artery,  which  is  the  smaller  of 
[the  terminal  branches,  passes  over  the  pyriformis  muscle  and  the  sacral  plexus 
lof  nerves  to  the  lower  border  of  the  great  sacrosciatic  foramen.  Lying  an- 
fteriorh'  and  to  the  inner  side  of  the  sciatic  artery  it  passes  out  of  the  jDelvis 
tbetween  the  coccygeus  and  the  pjTiformis  muscles.  It  crosses  over  the  outer 
[surface  of  the  spine  of  the  ischium,  under  the  gluteus  muscle,  and  re-enters  the 


.BC 


D  2    5 


Fig.  279. — Perineal  Blood-vessels  in  the  Male.  (.After  Testut.)  -4,  Scrotum:  B,  levator  ani 
muscle;  C,  sphincter;  D,  transversus  perina-i  muscle;  E,  isrhio-cavemosus  muscle ;  F,  bulbo-cav- 
emosus  muscle;  G,  bulb  of  the  urethra;  1,  internal  pudic  arter>',  accompanied  by  its  two  veins  and 
by  the  nerve  of  the  same  name;  2,  inferior  hemorrhoidal  artery;  3,  superficial  i)eriiieal  artery;  4,  deep 
perineal  arten.-;   5,  muscular  branches;   6,  scrotal  branches. 

pelvis  through  the  lesser  sciatic  notch.  It  then  passes  over  the  obturator 
intemus  muscle  and  runs  along  the  external  wall  of  the  ischiorectal  fossa, 
above  the  lower  margin  of  tlie  tuberosity  of  the  ischium.  It  is  contained  in  a 
canal  of  the  obturator  fascia.  Approaching  the  lower  border  of  the  ischial 
ramus  it  runs  upward  and  forward,  piercing  the  posterior  layer  of  the  deep 
peritoneal  fascia,  running  forward  along  the  inner  border  of  the  ramus  of  the 
pubis,  and  giving  off  the  artery  of  the  crus  jjenis  and  the  artery  of  the  bulb. 
Finally,  it  pierces  the  anterior  layer  of  the  deep  j^erineal  fascia  as  the  dorsal 
artery  of  the  penis. 
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Operation. — The  linear  guide  is  the  same  as  that  for  the  sciatic  artery. 

This  artery  may  be  Hgatured  in  either  the  gluteal  or  the  perineal  region. 

Operation  in  the  Perineum. — The  patient  is  in  the  lithotomy  position.  The 
pudic  lies  above  and  to  the  inner  side  of  the  scrotal  and  separated  from  it  by 
the  pudic  nerve.  An  incision  is  begun  about  7.5  cm.  (three  inches)  above  the 
inner  border  of  the  tuberosity  of  the  ischium,  and  is  continued  downward  along 
the  inner  edge  of  the  ascending  ramus  of  the  ischium.  The  skin  and  fascia  are 
divided,  care  being  taken  to  avoid  the  inferior  pudendal  nerve,  which  lies  be- 
neath the  fascia.  The  erector  penis  muscle  is  disclosed  in  the  male ;  the  trans- 
versus  perinaei  muscle  is  drawn  downward  and  inward,  and,  when  necessary,  is 
divided.  The  triangular  ligament  and  the  adjacent  parietal  pelvic  fascia  are 
divided,  thus  exposing  the  artery.  The  artery  will  be  found  running  forward 
above  the  pubic  nerve  from  the  inner  surface  of  the  obturator  internus  muscle. 
(Fig.  279,  6.) 

Gluteal  Artery.— This  was  first  ligated  by  John  Bell,  in  1801. 

Surgical  Anatomy. — The  gluteal  artery  is  the  largest  branch  and  a  con- 
tinuation of  the  largest  division  of  the  internal  iliac  artery.  It  descends  back- 
ward between  the  first  sacral  nerve  and  the  lumbosacral  cord,  leaving  the  pelvis 
through  the  upper  side  of  the  sacrosciatic  notch,  in  the  groove  formed  by  the 
margin  of  the  bone  and  the  pelvic  fascia.  It  divides  under  the  gluteus  maximus 
muscle  into  its  branches.     (Fig.  278,  1.) 

Operation.  (Fig.  280.) — The  Une  of  the  artery  is  indicated  as  follows:  with 
the  thigh  slightly  flexed  and  rotated  inward,  a  line  is  drawn  from  the  posterior 
superior  iUac  spine  to  the  top  of  the  great  trochanter.  The  junction  of  the 
upper  and  middle  thirds  of  this  line  indicates  where  the  artery  emerges  from 
the  sciatic  notch,  which  is  the  point  of  selection  for  the  operation.  An  incision, 
about  10  cm.  (four  inches)  in  length,  is  made  along  this  line,  the  centre  of 
which  corresponds  to  the  point  where  the  artery  emerges  from  the  sciatic 
notch.  Divide  skin,  superficial  fascia,  and  the  gluteus  maximus.  Incise  the 
muscle  along  its  cleavage  line,  where  a  branch  of  the  crural  artery  will  generally 
be  found  between  the  gluteus  medius  and  the  pyriformis  muscles.  Then  divide 
the  fascia  over  the  lower  border  of  the  gluteus  medius,  separate  the  two  last- 
mentioned  muscles  with  retractors,  and  expose  the  upper  margin  of  the  sciatic 
notch  by  running  the  finger  under  the  lower  border  of  the  gluteus  medius.  The 
artery,  with  its  accompanying  vein,  and  the  superior  gluteal  nerve  emerge  from 
the  foramen  through  the  upper  portion  of  the  sciatic  notch;  they  lie  between 
the  gluteus  medius  and  the  pyriformis  muscles. 

Externallliac  Artery. — This  artery  was  first  ligated  by  Abernethy,  in  1796. 
Out  of  one  hundred  and  seventy  cases  reported,  one  hundred  and  thirty-four 
ended  in  recovery.  Under  aseptic  precautions  about  eighty-five  per  cent  of 
all  patients  operated  on  should  recover.  The  greatest  number  of  operations 
performed  was  for  aneurisms;  hemorrhage  followed  next,  and  then  tumors. 
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Surgical  Anatomy. — The  external  iliac  artery  is  the  larger  of  the  terminal 
)ranehes  of  the  common  iliac.  It  arises  at  the  sacro-iliac  synchondrosis,  descends 
)bliquely  outward  along  the  brim  of  the  pelvis  from  the  inner  border  of  the  psoas 
luscle,  and  then  pa^es,  midway  between  the  anterior  superior  spine  of  the 
Hum  and  the  symphysis  pubis,  beneath  the  lower  border  of  Poupart's  ligament, 
become  the  femoral  artery. 

Relations. — Anteriorly:    peritoneum,  subperitoneal  fascia,  termination  of 

iihe  ilium  on  the  right  side:  sigmoid  flexure  and  colon  on  the  left  side;   genital 

branch  of  the  genitocrural  nerve,  circumflex  iliac  vein,  spermatic  artery  and 

.vein,  ovarian  vessels  (in  female),  ureter,  vas  deferens,  external  iliac,  lymphatic 


Fig.  280. — Exposure  of  Gluteal  Artery.     (After  Kocher.;*     a.  Gluteal  arterj-;  b,  superior  gluteal 
nerve :  c.  gluteus  medius  muscle ;  d,  pj-riformis  muscle ;  c.  gluteus  maximus  muscle. 

vessels  and  nodes.  Posteriorly:  external  iliac  vein,  internal  border  of  psoas 
muscle,  iliac  fascia.  Internally:  external  iliac  vein,  peritoneum,  vas  deferens, 
ovarian  vessels  (in  female).     Externally:   psoas  muscle,  iliac  fascia. 

The  Retroperitoneal  Method.  (Figs.  281  and  282.) — The  linear  guide  is  the  same 
as  that  for  the  common  iliac.  The  incision  starts  over  the  external  iUac  artery, 
about  1.3  cm.  (one-half  inch)  above  Poupart's  ligament,  and  runs  parallel  to  the 
ligament  as  far  as  to  the  anterior  sui:)erior  spine  of  the  iUum.  It  is  then  prolonged 
upward  in  the  cleavage  line  of  the  external  oblique  as  far  as  is  necessary.  In- 
cise the  skin  and  the  superficial  fascia,  exjx)sing  the  aponeurosis  of  the  external 
oblique,  and  ligate  blood-vessels  when  encountered.     Di^^de  the  aponeurosis  in 
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its  cleavage  line  as  far  toward  or  beyond  the  anterior  superior  spine  of  the  ihum 
as  is  necessary  for  easy  manipulation.  Retract  the  cut  edges  well  apart  and 
separate  the  internal  oblique  from  its  attachment  to  the  outer  half  of  Poupart's 
ligament.  The  branches  of  the  iUac,  hypogastric,  and  the  ilioinguinal  nerves 
should  be  carefully  displaced,  either  upward  or  downward.  Detach  the  trans- 
versahs  from  the  outer  part  of  Poupart's  ligament  and  as  far  beyond  as  neces- 
sary, dividing  its  fibres  transversely.  Carefully  guard  the  deep  circumflex  iliac 
artery  and  vein  and  the  genitocrural  nerve.  The  transversalis  fascia  is  then 
exposed  and  divided  over  the  artery  in  the  same  direction  as  the  previous  in- 


FiG.  281. — Ligature  of  the  External  Iliac  Artery  on  the  Right  Side.  (After  Farabeuf.)  The 
obliquus  internus  and  the  transversahs  muscles  are  being  divided  along  the  line  where  they  are  a 
attached  to  the  pelvic  bone,  and  their  inferior  border  is  being  pulled  upward  by  means  of  a  retractor, 
in  order  to  expose  to  view  the  deeper  structures.  1,  1',  Cut  edges  of  the  aponeurosis  of  the  obliquus 
extemus;  2,  inferior  border  of  the  obliquus  internus  and  the  transversalis  muscles;  3,  fascia  transver- 
salis lifted  up  somewhat  at  this  point  by  the  epigastric  blood-ve.ssels ;  *,  place  where  an  opening  should 
be  made  in  the  fascia  transversalis  for  the  purpose  of  gaining  access  to  the  iliac  artery. 

cision.  The  artery  is  carefully  isolated  after  one  has  made  sure  that  the  deep 
epigastric,  the  main  source  of  collateral  circulation,  is  properly  guarded.  The 
peritoneum  is  pushed  backward  and  upward  from  the  vessel  and  held  out  of 
the  way  by  retractors;  the  sheath  of  the  artery  is  opened  and  the  needle  is 
passed  from  the  vein  to  the  inner  side  of  the  artery,  care  being  taken  that  the 
anterior  crural  nerve  shall  not  be  included  in  the  ligature.  The  ligature  should 
be  placed  about  one  inch  and  one-quarter  above  Poupart's  ligament.  The 
divided  muscles  are  united  at  their  separate  margins  with  buried  catgut  suture. 

Transperitoneal  Method. — This  is  practically  the  same  as  that  which  is  used 
in  the  similar  method  of  exposing  the  common  and  internal  iliac  arteries.  (See 
page  508.)  In  operations  for  aneurism  the  transperitoneal  method  is  preferred 
by  many  to  the  retroperitoneal  method,  because  there  is  less  Hkelihood  of  in- 
juring the  aneurismal  sac  or  of  interfering  with  the  deep  epigastric  anastomosis. 
However,  the  extraperitoneal  route  is  an  admirable  way  of  ligating  the  vessel, 
provided  there  is  room  enough  to  reach  the  artery  without  injuring  the  sac. 

Precautions. — Care  should  be  taken,  in  the  extraperitoneal  method,  not  to 
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injure  the  peritoneum,  spermatic  cord,  iliac  vein,  deep  epigastric  artery,  circum- 
flex iliac  vein,  or  the  sac  of  the  aneurism. 

Deep  Epigastric  Artery. — Surgical  Anatomy. — This  artery  generally  arises 
from  the  inner  side  of  the  external  iUac  about  6  mm.  (one-fourth  inch)  above 
Poupart's  ligament.  It  descends  to  Poupart's  ligament  and  then  ascends  along 
the  inner  border  of  the  internal  abdominal  ring,  passing  behind  the  inguinal 
canal  and  sUghtly  above  and  external  to  the  femoral  ring;  then  it  continues 
upward  and  inward  toward  the  umbilicus,  passing  between  the  transversaUs 
fascia  and  the  peritoneum.     It  courses  from  the  external  abdominal  ring  to  the 


Fig.  2S2. — Last  Step  in  the  Oj)eration  of  Ligaturing  the  External  Iliac  Artery  on  the  Right  Side. 
(After  Farabeuf.)  1,  1,  1,  1,  Aponeurosis  of  the  obliquus  extemus;  2,  2,  lower  border  of  the  obUquus 
intemus  and  transversahs  muscles,  which  have  been  pulled  upward  out  of  the  way  after  their  external 
attachments  to  the  peh-ic  bone  had  been  di\-ided;  3,  3',  fascia  transversahs,  in  which  an  opening  has 
been  estabUshed ;  at  3'  one  sees  faintly  how  tliis  fascia  is  Ufted  up  by  the  underh-ing  epigastric  blood- 
vessels; the  numbers  4,  4,  are  placed  on  the  peritoneal  cul-de-sac,  which  is  being  pulletl  upward  bj'  the 
retractor.  At  the  verj-  bottom  of  the  wound  may  be  seen  the  external  iliac  arterj*  (a)  and,  next  to  it 
on  the  inner  side,  the  vein  (v) ;  the  psoas  muscle  (p)  is  masked  by  its  overhing  aponeurosis. 

semilunar  fold  of  Douglas,  and  then  passes  upward  between  the  rectus  muscle 
and  its  sheath,  to  enter  this  muscle  and  anastomose  \\ith  the  epigastric  branch 
of  the  internal  mammary.  It  is  accompanied  by  two  veins.  In  the  loop 
formed  at  Poupart's  hgament  we  find  the  vas  deferens  in  the  male  and  the  round 
ligament  in  the  female,  passing  on  their  wax  to  the  internal  ring. 

Operation. — The  Unear  guide  is  represented  by  a  Une  drawn  midway  be- 
tween the  symphysis  pubis  and  the  anterior  superior  spine  of  the  ihum  toward 
the  umbihcus.  The  vessel  is  usually  Ugated  near  its  origin.  The  operation 
is  the  same  as  that  for  ligation  of  the  external  ihac  artery  by  the  retroperitoneal 
route,  except  that  the  incision  is  shorter  and  is  carried  down  upon  the  epigastric. 
The  external  iliac  is  exposed  and  its  epigastric  branch  is  sought  for. 

Femoral  Artery. — Out  of  fifteen  patients  operated  on  mider  aseptic  precau- 
tions, one  died.    Before  the  aseptic  period  about  one  out  of  three  patients  died. 
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John  Hunter,  in  1785,  first  ligated 


.  Fig.  283.— Femoral  Artery  and  Its 
Branches.  (After  Testut.)  1,  Trunk  of 
the  femoral  artery;  2,  femoral  vein,  with 
(2')  the  long  .saphenous  vein;  3,  crural 
nerve;  4,  subcutaneous  abdominal  artery; 
5,  superficial  external  pudic  artery;  6, 
deep  external  pudic  artery;  7,  artery  su])- 
plying  the  quadriceps  muscle;  8,  pro- 
funda artery;  9,  anastomotica  magna 
artery;  10,  superior  internal  articvilar 
artery;  11,  superior  external  articular  ar- 
tery; 12,  inferior  internal  articular  artery ; 
13,  anterior  tibial  recurrent  artery;  14, 
inferior  external  articuh;r  artery;  15,  ar- 
terial circle  of  the  knee. 


the  vessel  for  popliteal  aneurism.  Dessault 
applied  Brasdor's  method  of  proximal  liga- 
tion in  the  case  of  a  popliteal  aneurism. 
Carnochan,  of  New  York,  in  1851,  hgated 
the  vessel  for  elephantiasis  Arabum. 

Surgical  Anatomy.— The  femoral  ar- 
tery is  a  continuation  of  the  external  iliac 
artery.  It  arises  at  the  lower  border  of 
Poupart's  ligament,  midway  between  the 
anterior  superior  spine  and  the  symphysis 
pubis,  and  descends  superficially  along  the 
inner  side  of  the  thigh  to  the  opening  in  the 
adductor  magnus  muscle.  At  the  junction 
of  the  lower  and  middle  thirds  of  the  thigh 
it  passes  through  the  canal  of  this  muscle 
to  the  popliteal  space,  where  it  becomes  the 
popliteal  artery.  In  its  upper  third  the 
artery  traverses  Scarpa's  triangle  from  its 
centre  to  its  apex;  in  its  lower  third  it  pass- 
es through  Hunter's  canal.  The  vein  lies 
behind  and  external  to  the  artery;  and  the 
long  saphenous  nerve  is  external  to  the 
blood-vessels.  The  portion  above  the  origin 
of  the  profunda  (one  and  one-half  to  two 
inches  in  length)  is  the  common  femoral; 
that  below,  the  superficial.  (Plate  XXVIII, 
Fig.  2;  Fig.  283.) 

Relations  of  the  Common  Femoral. 
— Anteriorly :  skin,  superficial  fascia,  super- 
ficial inguinal  lymph  node,  iliac  portion  of 
the  fascia  lata,  crural  branch  of  the  geni- 
tocrural  nerve,  circumflex  iliac  vein,  and 
at  times  the  superficial  epigastric  vein. 
Posteriorly:  the  continuation  of  the  iliac 
fascia  into  the  femoral  sheath,  pubic  por- 
tion of  the  fascia  lata,  psoas  and  pectineus 
muscles,  and  the  capsule  of  the  hip  joint. 
Externally:  the  anterior  crural  nerve.  In- 
ternally: the  femoral  vein. 

Relations  of  the  Superficial  Femo- 
ral Artery  in  Scarpa's  Triangle. — Ante- 
riorly :  skin,  superficial  fascia,  crural  branch 
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of  the  genitocrural  nerve,  internal  cutaneous  nerve,  and  deep  fascia.  Posterior- 
ly :  femoral  and  profunda  veins,  profunda  artery,  pectineus  and  adductor  longus 
muscles.  Externally:  long  saphenous  nerve.  Internally:  femoral  vein.  In 
Hunter's  canal  the  relations  are  as  follows:— Anteriorly:  skin,  superficial  and 
deep  fascias,  sartorius  muscle,  internal  saphenous  nerve,  and  the  aponeurotic 
roof  of  Hunter's  canal.  Posteriorly:  vastus  internus  and  adductor  muscles, 
femoral  vein,  which  runs  to  the  outer  side  in  the  lower  part  of  the  canal.  In- 
ternally: above,  the  adductor  longus,  and  below,  the  adductor  magnus. 
Externally :  vastus  internus,  and  the  femoral  vein  in  the  lower  part  of  the  canal. 

Linear  Guide. — It  is  represented  by  a  line  drawn  from  a  point  midway 
between  the  anterior  superior  iUac  spine  and  the  symphysis  pubis  to  the 
adductor  tubercle  of  the  internal  femoral  condyle.  At  the  time  of  dra\sing  this 
line  the  hip  should  be  slightly  flexed  and  the  thigh  abducted  and  rotated  outward. 

Operation. — The  common  femoral  may  be  ligated  at  the  base  of  Scarpa's 
triangle,  but  this  is  rarely  done  because  of  the  proximity  of  the  large  vessels. 
The  operation  of  election  is  hgature  of  the  superficial  femoral  at  the  apex  of 
Scarpa's  triangle. 

(a)  Ligation  of  the  Common  Femoral  at  the  Base  of  Scarpa's  Triangle.  (Plate 
XXVIII,  Fig.  2.) — The  artery  is  located  by  its  linear  guide.  The  patient  should 
be  supine,  with  the  hip  slightly  fiexetl  and  the  thigh  abducted  antl  rotated  out- 
ward. The  incision  starts  just  below  Poupart's  ligament  and  extends  downward 
about  two  inches  along  the  linear  guide.  (Fig.  283.)  Skin  and  superficial  fascia 
are  divided,  and  care  should  be  taken  to  avoid  the  supei'ficial  arteries  and 
veins.  Divide  the  fascia  lata :  open  and  expose  the  sheath  of  the  vessels,  pre- 
serving the  crural  branch  of  the  genitocrural  nerve,  which  lies  on  the  sheath  a  lit- 
tle external  to  the  artery.  The  femoral  vein  is  to  the  inner  side  of  the  artery,  and 
the  needle  should  be  pas^sed  between  it  and  the  vein,  care  being  taken  not  to 
include  the  anterior  crural  nerve,  which  lies  external  to  the  artery  and  outside 
the  sheath. 

The  vessel  can  be  exposed  in  this  position  by  an  incision  made  just  below  the 
lower  border  of  Poupart's  ligament  and  parallel  to  it.  The  incision  previously  de- 
scribed is,  however,  preferable.  The  chief  dangers  from  the  operation  are  gan- 
grene and  secondary-  hemorrhage  from  infection.  The  latter  danger  is  best 
avoided  by  ligatingthe  branches  of  the  vessel  contiguous  to  the  site  of  the  opera- 
tion. This  precaution,  however,  increases  the  danger  of  gangiene.  When  possi- 
ble, therefore,  it  is  better  to  hgate  the  external  iliac  than  to  tie  the  femoral 
in  this  situation. 

(6)  Ligation  of  the  Superficial  Femoral  at  the  Apex  of  Scarpa's  Triangle. 
(Plate  XXVIII,  Fig.  2.) — An  incision,  about  7.5  cm.  (three  inches)  in  length,  is 
made  along  the  linear  giiide,  the  centre  of  which  is  located  about  four  inches  be- 
low Poupart's  ligament.  Incise  the  skin,  superficial  fascia,  and  the  fascia  lata, 
ligating  or  drawing  to  one  side  any  branches  of  the  internal  saphenous  vein  met 
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with.  Retract  outward  the  sartorius  muscle,  which  is  identified  by  its  fibres 
running  downward  and  inward.  The  long  saphenous  and  internal  cutaneous 
nerves  are  displaced  from  in  front  of  the  artery  to  one  side.  Clear  the  sheath 
and  open  it,  passing  the  needle  between  the  artery  and  the  vein,  which  lies 
behind  and  internal  to  the  former. 

(c)  Ligation  of  the  Superficial  Femoral  in  Hunter' s  Canal.  (Figs.  284  and  285.) 
— This  operation  is  not  often  performed.  The  artery  is  located  by  its  linear  guide. 
The  limb  should  be  rotated  outw^ard,  with  the  leg  flexed  upon  the  thiga  and  the 
thigh  upon  the  pelvis.  An  incision,  three  and  one-half  inches  in  length,  is  made 
along  the  guide  over  the  middle  third  of  the  thigh.  The  skin,  superficial  fascia, 
and  fascia  lata  are  divided.    Retract  inward  the  sartorius  muscle  and  expose  the 


Fig.  284. — The  Canal  of  Hunter.  (After  Farabeuf.)  A  lid-like  flap,  composed  of  skin  and  the 
sartorius  muscle  (c),  has  been  cut  in  the  inner  aspect  of  the  right  thigh  and  turned  down  in  such  a 
manner  as  to  expose  the  canal  to  view,  s,  Saphenous  vein  skirting  the  rectus  intcrnus  muscle ;  c'  and 
c",  ends  of  the  divided  sartorius  muscle;  a,  vastus  intcrnus  muscle,  with  the  tendinous  aponeurosis 
that  covers  its  fibres;  3,  tendon  of  the  adductor  longus;  2,  adductor  brevis;  a  little  to  the  left  of  c" 
in  the  picture  will  ^be  seen  an  opening  which  has  been  made  in  Hunter's  canal  for  the  purpose  of  ex- 
posing to  view  the  femoral  artery — the  margins  of  the  opening  arc  held  back  by  two  pins.  Farther 
down,  near  c,  the  nerve  may  be  seen  issuing  from  the  canal. 


roof  of  Hunter's  canal  and  incise  it.  The  long  internal  saphenous  nerve  will 
be  found  in  front  of  the  sheath  of  the  vessels.  Open  the  sheath  and  pass  a 
needle  between  the  artery  and  the  vein. 

While  the  arterj''  in  this  situation  may  be  located  by  the  linear  guide  de- 
scribed above,  it  is  more  readily  approached  in  the  following  manner:  Flex  the 
thigh  on  the  pelvis,  and  the  leg  on  the  thigh,  and  rotate  the  limb  outward ;  then 
make  an  incision  about  three  inches  in  length  over  the  tendon  of  the  adductor 
magnus,  the  centre  of  which  incision  should  correspond  to  the  junction  of  the 
middle  and  lower  thirds  of  the  thigh.  Hunter's  canal,  covered  by  the  aponeu- 
rotic tissue  forming  its  roof,  is  thus  exposed.  The  canal  is  carefully  opened, 
the  saphenous  nerve  is  pushed  aside,  and  the  needle  is  passed  from  without 
inward,  thus  avoiding  the  femoral  vein  which  in  this  situation  lies  posteriorly 
and  externally  to  the  artery. 

General  Considerations. — Occasionally  the  artery  is  double,  though 
forming  a  single  popliteal  artery,  and  occasionally  it  passes  behind  instead  of  in 
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front  of  the  thigh.  In  case  the  arterj^  is  double,  the  vessel  first  exposed  will 
be  smaller  than  is  usual,  and  Ugature  of  it  will  not  affect  the  distal  circulation 
as  it  should  were  the  vessel  normal.  If  the  arten'  cannot  be  found  in  the  front 
of  the  thigh,  it  should  be  searched  for  behind.  Deep  pressure  usually  locates 
it.  The  vein  at  times  maintains  an  abnormal  relation  to  it.  The  vein  at  the 
apex  of  Scarpa's  triangle  has  been  found  internal  to  the  artery  and,  in  Hunter's 
canal,  posterior  to  it. 

Profunda  Artery  (arteria  profimda  femoris). — This  artery  is  the  largest 
branch  of  the  femoral  artery  and  almost  equals  it  in  size.  It  arises  from  the 
external  and  superior  aspect  of  the  femoral,  about  -4  cm.  (one  to  two  inches) 
below  Poupart's  ligament    descends,  first,  externally  to  the  superficial  femoral 


Fig.  285. — Ligature  of  the  Femoral  Artery  in  Hunter's  Canal.  (After  Farabeuf.)  The  leg  has 
been  flexed  and  the  tlugh  abducted.  A  longitudinal  incision  has  been  made  through  the  skin  and 
subjacent  connective  tissue  over  the  site  of  Hunter's  canal.  The  index  finger  of  the  surgeon's  left 
hand  rests  on  the  tendinous  cord  on  the  inner  side  of  the  thigh.  With  Ms  right  hand  he  has  intro- 
duced the  end  of  the  steel  director  into  the  opening  from  wliich  the  saphenous  nerve  emerges,  and  is 
pushing  it  upward  beneath  the  aponeurosis,  which  constitutes  the  inner  wall  of  Hunter's  canal. 

and  then  posteriorly  to  the  femoral  artery  and  vein,  to  the  inner  side  of  the 
femur,  and,  finally,  runs  beneath  the  adductor  longus  and  terminates  at  the 
lower  third  of  the  thigh,  piercing  the  adductor  magnus.     (Fig.  283,  8.) 

Relations. — Anteriorly :  near  its  origin,  skin,  superficial  fascia,  deep  fascia, 
and  branches  of  the  anterior  crural  nerve;  lower  down,  femoral  and  profunda 
veins;  and  at  its  lowest  portion,  the  adductor  longus  muscle.  Posteriorly: 
iliacus,  pectineus,  adductor  brevis,  and  adductor  magnus  muscles.  Externally: 
vastus  internus.  Internally:  the  pectineus,  and  the  angle  of  juncture  of  the 
adductor  brevis  and  the  vastus  internus. 

Operation. — The  linear  guide  to  the  main  vessel  suffices  for  this  artery. 
The  ligation  is  performed  usually  near  its  origin.    The  patient  is  supine,  with 
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his  limb  extended  and  parallel  to  its  fellow,  or,  better,  slightly  flexed  and  rotated 
outward.  An  incision  5  or  6  cm.  (two  or  two  and  one-half  inches)  in  length  is 
made  in  the  line  of  the  main  artery,  with  the  centre  of  the  incision  about  4  cm. 
(one  inch  and  one-half)  below  Poupart's  ligament.  Incise  skin,  superficial 
fascia,  and  fascia  lata;  retract  the  sartorius  and  rectus  muscles,  guarding  the 
branches  of  the  anterior  crural  nerve,  which  are  in  close  relation  with  the  rectus 
muscle.  The  trunk  of  the  common  femoral  will  then  be  exposed.  Its  profunda 
branch  is  sought  for  and  recognized  by  its  size,  by  its  course,  which  runs  down- 
ward and  outward,  and  by  the  fact  that  it  is  given  off  from  the  posterior  and 
external  surface  of  the  femoral.  Its  external  circumflex  branch  is  its  first  and 
largest  branch,  and  it  passes  under  the  rectus  muscle.  When  the  artery  is  freed^ 
the  ligature  may  be  passed. 

Popliteal  Artery. — This  artery  is  seldom  ligated  on  account  of  the  difficulty 
of  reaching  if  and  because  the  conditions  that  call  for  its  ligature  are  better 
served  by  ligation  of  the  superficial  femoral  artery.  Of  the  ten  cases  of  ligature 
reported,  three  terminated  fatally.  Of  the  five  patients  operated  on  under  asep- 
tic precautions,  all  recovered. 

Surgical  Anatomy. — The  popliteal  artery  is  a  continuation  of  the  femoral; 
it  extends  from  the  aponeurotic  opening  in  the  adductor  magnus  muscle  down- 
ward and  outward  to  the  centre  of  the  pophteal  space,  and  then  descends  ver- 
tically to  the  inferior  border  of  the  pophteus  muscle,  where  it  divides  into  an- 
terior and  posterior  tibial  arteries.     (Plate  XXVIII,  Fig.  4;  Fig.  278,  9.) 

Relations. — Anteriorly:  pophteal  surface  of  the  femur,  posterior  ligament 
of  the  knee  joint,  and  the  popliteus  muscle.  Posteriorly :  semimembranosus, 
above;  skin,  superficial  and  deep  fascias,  over  its  centre;  the  internal  head  of 
the  gastrocnemius  and  the  aponeurotic  arch  of  the  soleus,  below.  The  pop- 
liteal vein  lies  posterior  to  the  artery  throughout  its  course,  crossing  it  ob- 
liquely from  the  outer  to  the  inner  side.  The  internal  pophteal  nerve  hes 
behind  the  artery  and  vein,  crossing  the  vessels  at  their  centre  from  the  outer  to 
the  inner  side.  Externally :  external  condyle,  biceps,  above ;  outer  head  of  the 
gastrocnemius  muscle  and  the  plantaris  muscle,  below.  Internally:  semimem- 
branosus, above,  and  the  internal  popliteal  nerve  and  the  inner  head  of  the 
gastrocnemius  muscle,  below. 

Linear  Guide. — The  line  begins  above  at  a  point  a  little  to  the  inner  side 
of  the  middle  of  the  upper  portion  of  the  pophteal  space  and  passes  downward 
midway  between  the  condyles  of  the  femur. 

Operation.  (Plate  XXVIII,  Fig.  4.) — A  vertical  incision  is  made  over  the 
middle  of  the  pophteal  space  behind  the  knee  joint,  care  being  taken  to  avoid 
injuring  the  saphenous  vein  in  the  lower  part  of  the  incision.  The  incision  is 
continued  through  the  areolar  tissue  to  the  inner  side  of  the  popliteal  vein  and 
the  communicans  fibularis  nerve.  The  internal  popliteal  nerve  is  first  encoun- 
tered and  is  drawn  outward,  revealing  the  pophteal  vein,  which  is  closely  bound 
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to  the  subjacent  popliteal  artery,  Tlie  popliteal  artery  lies  upon  the  fat  that 
covers  the  femoral  triangle  above  and  the  pophteus  muscle  below. 

Ligating  by  this  method  is  easiest  of  accompUshment  when  the  patient  is 
prone.     If  he  is  supine,  the  thigh  should  be  strongly  flexetl  and  rotated  outward. 

Ligature  of  the  Popliteal  from  the  Inner  Side  of  the  Thigh. — The  patient  is 
supine  and  the  thigh  is  sUghtly  flexed,  fully  abducted,  and  rotated  outward. 
The  knee  is  flexed  at  a  right  angle.  The  incision,  which  is  about  three  inches  in 
length,  and  which  begins  at  a  point  opposite  the  juncture  of  the  middle  and 
lower  thirds  of  the  thigh,  runs  parallel  to,  and  immediately  behind,  the  tendon 
of  the  adductor  magnus  muscle.  Di^•ide  the  skin  and  the  superficial  and  deep 
fascias,  avoiding  the  anterior  branch  of  the  interal  cutaneous  nerve.  Expose 
and  retract  backward  the  edge  of  the  sartorius  muscle  and  the  internal  saphenous 
vein.  The  adductor  magnus  tendon  is  drawn  forward  and  the  semimembranosus 
backward,  and  the  artery  will  be  found  between  these  two  structures  near  the 
bone.  The  popliteal  nerve  and  vein,  being  posterior  to  the  artery,  are  not  as  a 
rule  brought  into  view. 

Anterior  Tibial  Artery. — This  artery  is  the  smaller  of  the  terminal  branches 
of  the  popliteal  and  arises  at  the  lower  border  of  the  popliteus  muscle.  Passing 
forward  between  the  two  heads  of  the  tibialis  posticus  it  passes  through  the 
opening  in  the  upper  part  of  the  interosseous  membrane,  between  the  tibia 
and  the  fibula,  and  descends  to  the  deep  part  of  the  front  of  the  leg,  first  on  the 
anterior  surface  of  the  interosseous  membrane,  then  on  the  tibia,  and  finally  in 
front  of  the  ankle  joint,  passing  under  the  anterior  annular  ligament,  where 
it  becomes  the  dorsalis  pedis  artery.  It  is  accompanied  by  two  veins. 
Throughout  its  lower  three-fourths  it  is  accompanied  by  the  anterior  tibial 
nerve,  which  lies  external  to  it  except  in  the  middle  of  the  leg,  where  it  slightly 
overlaps  it.     (Plate  XXIX,  Fig.  4.) 

Rel,\tions. — Anteriorly:  skin,  superficial  and  deep  fascias,  anterior  tibial 
nerve  (at  its  middle),  tibiaUs  anticus,  and  the  extensor  longus  digit orum,  above; 
and  the  extensor  proprius  pollicis  muscle  and  the  anterior  aimular  ligament, 
below.  Posteriorly:  interosseous  membrane  throughout  its  upper  third;  the 
tibia  and  the  ankle  joint  throughout  its  lower  two-thirds.  Exteriorly:  the  an- 
terior tibial  nerve  and  the  extensor  longus  digitorum,  above;  and  the  extensor 
proprius  hallucis,  throughout  its  middle  third.  Internally :  the  tibialis  anticus 
throughout  its  upper  two-thirds.  The  extensor  proprius  hallucis  crosses  the 
lower  part  of  the  artery. 

Linear  Guide. — The  linear  guide  is  a  line  extending  from  the  head  of 
the  fibula  to  a  point  midway  between  the  malleoli. 

Operations. — The  artery  may  be  hgated  in  its  upper,  its  middle,  or  its 
lower  third. 

Ligation  of  the  Upper  Third. — The  incision  is  carried  downward,  along  the 
linear  guide,  for  a  distance  of  three  inches.    Divide  the  skin  and  the  superficial 
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and  deep  fascias,  exposing  the  outer  edge  of  the  tendinous  origin  of  the  tibialis 
anticus  muscle,  which  corresponds  to  the  intermuscular  space  between  the 
tibialis  anticus  and  the  extensor  longus  digitorum.  The  space  is  widened  by 
the  finger  or  the  handle  of  the  scalpel  down  to  the  interosseous  membrane, 
through  which  the  artery  passes  from  behind  forward  about  one-half  inch  below 
the  head  of  the  fibula.  The  anterior  tibial  nerve  does  not  reach  the  artery  here; 
it  joins  it  from  the  outer  surface  of  the  extensor  longus  digitorum.  The  artery 
and  the  attendant  veins  he  upon  the  interosseous  membrane.  If  the  veins  can- 
not be  separated  from  the  artery  without  too  much  damage,  they  may  be  in- 
cluded in  the  ligature.  Ligaturing  at  this  situation  is  tedious  and  difficult  and 
should  not  be  attempted  unless  demanded. 

Ligation  of  the  Middle  Third. — An  incision,  3  cm.  (a  little  more  than  one  inch) 
in  length,  is  made  externally  to  the  anterior  edge  of  the  tibia,  along  the  furrow 
at  the  outer  border  of  the  tibialis  anticus  muscle.  The  skin  and  fascia  are 
divided,  the  fascia  here  being  represented  by  a  white  line,  and  the  interval 
between  the  tibialis  anticus  muscle  on  the  one  hand,  and  the  extensor  longus 
digitorum  and  the  extensor  proprius  hallucis  on  the  other,  is  widened  down  to 
the  interosseous  membrane,  upon  which  will  be  found  the  artery  between  the 
muscular  fibres  of  the  tibialis  anticus  and  the  extensor  proprius  hallucis.  The 
anterior  tibial  nerve  lies  anterior  to  the  artery.  The  operation  will  be  facili- 
tated by  flexing  the  foot. 

Ligation  of  the  Lower  Third. — An  incision,  from  5  to  7.5  cm.  (two  to  three 
inches)  in  length,  is  made  along  the  outer  edge  of  the  tendon  of  the  tibialis 
anticus  muscle,  the  centre  of  the  incision  corresponding  to  the  centre  of  the 
lower  third  of  the  leg.  The  incision  is  made  between  the  tendons  of  the  tibialis 
anticus  and  the  extensor  proprius  hallucis  muscles.  After  the  skin  and  the 
strong  fascia  have  been  divided,  and  the  foot  flexed,  the  tendon  of  the 
extensor  proprius  hallucis  is  exposed  and  drawn  outward.  The  finger  is 
now  passed  down  toward  the  external  surface  of  the  tibia  until  it  encoun- 
ters the  anterior  tibial  nerve,  just  external  to  the  tendon  of  the  tibialis  anticus 
muscle. 

Dorsalis  Pedis  Artery. — This  artery,  which  is  a  continuation  of  the  an- 
terior tibial,  extends  from  the  bend  of  the  ankle  to  the  first  intermetatarsal 
space,  traversing  the  foot  along  its  tibial  side.  At  the  interspace  it  passes 
into  the  sole  between  the  two  heads  of  the  first  dorsal  interosseous  muscle, 
to  become  the  communicating  artery. 

Surgical  Anatomy. — The  relations  of  the  artery  are  the  following:  An- 
teriorly :  skin,  superficial  and  deep  fascias,  annular  ligament,  extensor  proprius 
hallucis,  the  innermost  tendon  of  the  extensor  brevis  digitorum;  posteriorly: 
astragalus,  scaphoid,  and  internal  cuneiform  bones,  and  the  Ugaments  of  the 
first  and  second  metatarsals;  externally:  the  innermost  tendon  of  the  extensor 
longus  digitorum  above  the  anterior  tibial  nerve,  and  the  innermost  tendon 
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of  the  extensor  bre\'is  digitorum  below  this  nerve;  internaUy:  extensor  proprius 
haUueis.     (Fig.  286.) 

Linear  Guide. — This  is  a  line  running  from  a  point  midway  between  the 
maUeoli  to  the  upper  end  of  the  tirst  interosseous  space. 

Oper-\tiox.  (Fig.  286.) — The  doi-salis  pedis  artery  may  be  ligated  at  the 
dorsum  of  the  tarsus,  and  its  doi-sal 
extension  (the  dorsalis  hallucis)  at 
the  first  interosseous  space. 

Ligation  at  the  Dorsum  of  the 
Tarsus. — The  skin  is  di\nded  longi- 
tudinally, beginning  below  the  an- 
nular Ugament  midway  between  the 
malleoli,  by  an  incision  2.5 "  to  5 
cm.  (one  to  two  inches)  in  lei^h. 
The  internal  branch  of  the  muscu- 
locutaneous nerve  is  found  running 
in  the  direction  of  the  incision  and 
is  drawn  outward.  The  deep  fascia 
is  divided  and  the  innermost  ten- 
don and  the  muscular  fibres  belong- 
ing to  the  extensor  brevis  digitorum 
are  dra^Ti  downward  and  outward, 
exposing  to  \4ew  the  arter}-  which 
lies  upon  the  tarsal  ligaments.  The 
anterior  tibial  nerve  lies  external 
to  the  arter}'.  The  artery  is  ac- 
companied by  two  veins.  Care  should 
be  taken  not  to  open  the  sheaths 
of  the  ti?ndons.  This  operation 
should  not  invade  the  annular  liga- 
ment unless  it  is  absolutely  neces- 
sar5\ 

Ligation  at  the  First  Interosseous 
Space. — The  incision  is  made  through 
the  skin  and  fascia,  between  the 
bases  of  the  first  and  second  met- 
atarsal bones.  The  internal  branch 
of  the  musculocutaneous  nerve,  and 

the  internal  saphenous  vein,  are  drawn  outward  and  guarded.  The  arter}% 
with  the  cutaneous  termination  of  the  anterior  tibial  nerve  hing  uix)n  it,  is 
found  emerging  from  under  the  innermost  tendon  of  the  extensor  b^e^^s  digi- 
torum.    This  tendon  should  be  retracted  outward. 


Fig.  286. — Ligature  of  the  Dorsalis  Pedis  Arten.'. 
(After  Kocher.)  a,  Musciilocutaneous  nerve;  b,  ex- 
ternal longus  hallucis  tendon ;  c,  first  dorsal  interosse- 
ous muscle;  d,  external  bre^•is  hallucis  muscle;  e, 
external  bre^•is  digitalis  muscle;  /,  anterior  tibial 
nerve ;  g,  dorsalis  pedis  artery. 
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Posterior  Tibial  Artery.— This  artery  is  the  larger  of  the  terminal  divisions 
of  the  popliteal  artery.  It  extends  from  the  lower  border  of  the  popliteus  mus- 
cle deeply  down  the  inner  side  of  the  back  of  the  leg  to  midway  between 
the  tip  of  the  internal  malleolus  and  the  os  calcis,  at  which  point  it  divides 
into  external  and  internal  plantar  branches.  It  is  accompanied  by  two  veins. 
The  posterior  tibial  nerve  crosses  the  artery,  from  its  outer  to  its  inner  sur- 
face, about  2.5  to  4  cm.  (one  to  one  and  one-half  inches)  below  the  internal 
border  of  the  popliteus  muscle;  then  descends  along  its  external  aspect.  (Plate 
XXIX,  Fig.  5.) 

Relations. — Anteriorly:  tibialis  })osticus,  flexor  longus  digitorum,  tibia, 
internal  lateral  ligaments  of  the  ankle  joint;  posteriorly:  skin,  superficial 
fascia,  gastrocnemius,  soleus,  deep  intermuscular  fascia,  and  posterior  tibial 
nerve.  Its  lower  third  is  superficial,  being  covered  only  by  skin  and  super- 
ficial fascia.  Externally,  it  is  related  to  the  posterior  tibial  nerve  along  its 
lower  three-fourths;  internally,  to  the  posterior  tibial  nerve  along  its  upper 
fourth.  At  the  ankle  joint  the  artery  Ues  under  the  internal  aimular  ligament 
and  the  abductor  hallucis,  resting  upon  the  internal  lateral  ligament  of  the 
ankle  joint.  The  tibiafis  posticus  and  the  flexor  longus  digitorum  are  anterior 
to  it,  and  the  posterior  tibial  nerve  and  the  flexor  longus  hallucis  are  posterior 
and  external  to  it. 

Linear  Guide. — This 'is  represented  by  a  line  drawn  from  a  point  5  cm. 
(two  inches)  below  the  centre  of  the  popliteal  space  to  a  point  midway  between 
the  tip  of  the  internal  malleolus  and  the  tuberosity  of  the  os  calcis.  The  upper 
portion  curves  slightly  inward  from  this  line. 

Operations. — This  artery  may  be  ligated  in  its  upper,  its  middle,  or  its 
lower  third. 

Ligature  in  Its  Upper  Third,  Above  the  Origin  of  Its  Peroneal  Branch. — The 
incision,  which  is  about  7.5  cm.  (three  inches)  in  length,  and  is  made  in  a  down- 
ward direction,  begins  at  the  level  of  the  head  of  the  fibula,  three  finger-breadths 
below  the  popliteal  crease.  Divide  the  skin  and  fascia,  and,  in  dividing  the 
latter,  be  careful  to  draw  the  short  saphenous  vein  and  the  communicans  tibialis 
nerve  outward.  The  line  of  juncture  of  the  heads  of  the  gastrocnemius  are 
sought  for,  and  the  tendinous  raphe  is  divided.  The  large  vessels  and  nerves 
which  supply  the  heads  of  the  gastrocnemius  are  drawn  aside.  The  soleus 
muscle  is  found  beneath  the  outer  head  of  the  gastrocnemius,  extending  ob- 
liquely downward  and  inward;  and,  resting  upon  it,  is  the  slender  tendon  of  the 
plantaris  muscle,  which  runs  in  a  similar  direction.  In  order  to  make  it  easier 
to  reach  the  posterior  tibial  artery  the  edge  of  the  soleus  should  be  drawn  down- 
ward or  nicked  transversely.  The  posterior  tibial  vein  and  nerve  should  be 
drawn  outward,  and  the  needle  then  passed  around  the  artery. 

Ligation  of  the  Middle  Third.  (Plate  XXIX,  Fig.  5.) — An  incision,  about  7.5 
cm.  (three  inches)  in  length,  is  made  along  the  linear  guide  parallel  with  and 
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posterior  to  the  internal  border  of  the  tibia,  along  its  middle  third.  Incise 
skin,  superficial  and  deep  fascias,  guarding  the  internal  saphenous  vein  and 
nerve;  retract  outward  the  edge  of  the  gastrocnemius  and  divide  the  soleus 
from  its  attachment  to  the  tibia  and  retract  it  outward;  then  divide  the  in- 
termuscular fascia,  exposing  the  flexor  longus  digitorum.  Follow  this  muscle 
until  about  op}X)site  the  external  border  of  the  tibia.  The  following  struct- 
ures will  be  encountered  in  the  order  enumerated: — the  internal  accompany- 
ing vein,  the  posterior  tibial  artery,  the  external  accompanying  vein,  the  pos- 
terior tibial  nerve.  These  vessels  and  the  nerve  Anil  be  found  between  the 
tibialis  posticus  and  the  flexor  longus  di^torum.  The  knee  and  foot  should 
be  flexed  in  order  to  relax  these  structures,  and  the  needle  should  be  passed 
between  the  artery  and  the  nerve.  If  the  accompanying  veins  cannot  be 
separated  from  the  artery  \nthout  injuring  them  they  may  be  included  in  the 
ligature. 

Ligature  of  the  Lower  Third. — ^An  incision,  5  cm.  (two  inches)  in  length,  is 
made  midway  between  the  inner  border  of  the  tibia  and  the  inner  border  of 
t*he  tendo  Achillis.  An  incision  is  made  in  the  line  of  the  artery  with  its  cen- 
tre over  the  lower  third  of  the  leg.  Incise  down  to  and  through  the  deep 
fascia  which  binds  the  flexor  tendons,  and  the  artery  will  be  found  between 
the  flexor  longus  digitorum  and  the  flexor  longus  hallucis.  It  is  surrounded 
by  its  venie  comites,  with  the  posterior  tibial  nerve  external  to  it. 

Ligation  Behind  the  Inner  Malleolus.  (Plate  XXIX,  Fig.  3.) — A  curvet! 
incision,  about  5  cm.  (two  inches)  in  length,  is  made  midway  between  the  internal 
malleolus  and  the  tuberosity  of  the  os  calcis.  Divide  the  annular  hgament  over 
the  vessel,  and  in  the  space  between  the  flexor  longus  digitorum  and  the  flexor 
longus  hallucis  \y\\\  be  found  the  artery  surrounded  by  its  venjr  comites,  wth 
the  nerve  lying  against  its  external  surface.  Care  should  be  taken  not  to  open 
the  sheaths  of  the  tendons. 

Peroneal  Artery. — This  artery  arises,  in  the  upper  third  of  the  leg,  from 
the  posterior  tibial  artery.  Its  course  is  indicated  by  a  line  continued  down- 
ward from  the  popliteal  arterj'  along  the  inner  border  of  the  posterior  surface 
of  the  fibula. 

Relations. — Anteriorly:  tibialis  posticus  and  the  aponeurosis  between 
the  tibialis  posticus  and  the  flexor  longus  hallucis;  posteriorly:  the  soleus 
and  the  flexor  longus  hallucis;  externally,  the  fibula  and  the  flexor  longus 
hallucis;  internally,  the  flexor  longus  hallucis. 

Operations. — The  linear  guide  for  ligaturing  the  vessel  is  represented  by 
a  line  drawn  from  the  posterior  border  of  the  head  of  the  fibula  to  a  point 
midway  between  the  external  malleolus  and  the  tendo  Achillis.  The  artery 
may  be  ligated  either  in  the  upper  or  in  the  lower  part  of  the  leg. 

Ligation  in  the  Upper  Part  of  the  Leg. — After  the  foot  has  been  extended 
an  incision,  7.5  cm.  (thi'ee  inches)  in  length,  is  made  parallel  to  and  just  back 
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of  the  posterior  surface  of  the  fibula,  behind  the  peroneus  longus  muscle. 
Divide  skin  and  superficial  fascia,  exposing  and  drawing  to  one  side  the  com- 
municans  fibularis  nerve;  then  divide  the  deep  fascia  behind  the  peroneus 
muscle.     Detach  the  soleus   from   its  fibular  origin  and   from  the  glistening 

tendinous  fascia  covering  the  flexor  longus 
hallucis,  which  rests  upon  the  posterior  surface 
of  the  bone.  The  dissection  is  continued  deeply 
between  the  bone  and  the  flexor  longus  hallucis 
until  the  oblique  internal  border  is  reached, 
and  the  artery  will  be  found  just  previous  to 
its  entering  the  body  of  the  muscle. 

Ligation  in  the  Lower  Half  of  the  Leg. — An 
incision  having  the  same  direction  and  length  as 
that  described  for  ligature  in  the  upper  part  of 
the  leg,  is  made  over  the  lower  half  of  the 
artery.  Divide  the  tissues  down  to  the  outer 
border  of  the  soleus  muscle,  and  draw  the  latter 
inward,  thus  exposing  the  flexor  longus  hal- 
lucis covered  by  a  tendinous  fascia.  Separate 
the  latter  muscle  from  its  posterior  fibular  at- 
tachment, and  at  the  outer  border  of  the  tibialis 
posticus  muscle  the  artery  w^ill  be  found. 

External  Plantar  Artery.— This  is  the  larger 
of  the  terminal  branches  of  the  posterior  tibial 
artery.  It  arises  at  the  ankle  joint,  just  be- 
neath the  internal  annular  ligament,  and  passes 
obliquely  forward  and  outward  from  the  inner 
ankle,  across  the  sole  of  the  foot,  to  the  base  of 
the  fifth  metatarsal  bone,  where  it  curves  in- 
ward and  forward  to  the  beginning  of  the  first 
interosseous  space.  At  the  latter  point  it  anas- 
tomoses with  the  communicating  branch  of  the 
dorsalis  pedis  artery,  forming  the  plantar  arch. 
(Fig.  287.) 

Relations.  —  Superiorly:  os  calcis,  flexor 
accessorius,  flexor  minimi  digiti;  inferiorly:  skin,  superficial  and  plantar 
fascias,  abductor  hallucis,  flexor  brevis  digitorum,  and  the  abductor  minimi 
digiti.  The  artery  lies  between  the  flexor  brevis  digitorum  and  the  abductor 
minimi  digiti.  It  is  accompanied  by  venae  comites  and  by  the  external  plantar 
nerve. 

Operations. — The  artery  runs  in  a  line  drawn  from  midway  between  the 
internal  malleolus  and  the  tuberosity  of  the  os  calcis  to  the  fourth  toe.    An  in- 


FiG.  287. — Distribution  of  the  Arte- 
ries in  the  Plantar  Region.  (After 
Testut.)  1,  Posterior  tibial;  2,  calca- 
neal branch  of  the  posterior  tibial;  3, 
internal  plantar;  4,  external  plantar; 
5,  plantar  arch,  with  (5')  one  of  the 
perforating  branches;  6,  6,  digital 
branches;  7,  internal  collateral  of  the 
big  toe;  8,  external  collateral  of  the 
little  toe;  9,  9,  the  other  collateral 
branches  of  the  toes. 
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cision,  which  starts  immediately  in  front  of  the  heel,  and  which  is  about  6  cm. 
(two  and  one-half  inches)  m  length,  is  made  along  the  guiding  line.  This  incis- 
ion should  extend  to  and  include  the  plantar  fascia;  and  between  the  adjacent 
edges  of  the  flexor  bre\'is  digitorum  and  the  abductor  minimi  digiti  will  be 
found  the  artery. 

The  artery  may  also  be  ligated  at  its  origin.  In  this  case  the  incision,  about 
a  finger's  breadth  beneath  and  anterior  to  the  sustentaculum  tali,  is  made 
horizontally  backward  along  the  lower  border  of  the  foot,  above  the  prominence 
of  the  abductor  hallucis  muscle.  Divide  the  tissues  down  to  the  above-named 
muscle,  which  is  exposed  and  drawn  dowTiward  from  the  subjacent  deep  fascia. 
Divide  the  latter,  and  the  artery  will  be  found  just  opposite  to  a  line  let  fall 
from  the  posterior  border  of  the  inner  malleolus.  The  posterior  tibial  nerve 
lies  just  below  the  artery. 

Internal  Plantar  Artery.  (Fig.  287.) — This  artery  is  the  smaller  of  the  ter- 
minal branches  of  the  posterior  tibial.  It  passes  forward  and  along  the  inner 
side  of  the  sole  to  the  first  interosseous  space,  where  it  anastomoses  ^ith  the 
fifth  plantar  digital  branch  of  the  communicating  branch  of  the  dorsahs  pedis 
arteiy. 

Relations. — The  artery  lies  between  the  abductor  hallucis  and  the  flexor 
brevis  digitorum,  and  toward  the  end  it  is  covered  only  by  skin  and  fascia. 

Operations. — Ligation  at  its  origin  is  the  same  as  the  operation  for  ligation 
of  the  external  plantar  artery  at  its  origin.     (See  above.) 

Ligation  in  the  Sole  of  the  Foot. — The  linear  guide  is  represented  by  a  fine 
drawn  from  the  inner  border  of  the  heel  to  the  great  toe.  An  incision,  about 
6  cm.  (two  and  one-half  inches)  in  length,  is  made  along  the  line  of  the  artery, 
dowTi  through  the  strong  plantar  fascia,  and  the  artery  will  be  found  between 
the  adjacent  edges  of  the  flexor  brevis  digitorum  and  the  abductor  hallucis. 

Plantar  Arch. — Relations. — This  is  covered  by  skin,  superficial  and  plan- 
tar fascias,  flexor  brevis  digitorum,  the  tendons  of  the  flexor  longus  digitorum, 
the  lumbricales  muscles,  branches  of  the  internal  plantar  nerve,  and  the  ad- 
ductor hallucis  muscle.  The  arch  rests  on  the  interosseous  muscle  and  the 
second,  third,  and  fourth  metatarsal  bones. 

Operation. — The  line  of  the  arch  runs  from  the  base  of  the  metartasal  bone 
of  the  second  toe  to  that  of  the  little  toe.  An  incision,  about  6  cm.  (two  and 
one-half  inches)  in  length  and  following  a  backward  and  outward  direction, 
is  made  along  the  guiding  line.  Incise  the  skin,  fatty  tissue,  and  the  plantar 
fascia ;  separate  and  draw  apart  the  tendons  of  the  flexor  brevis  and  flexor  lon- 
gus digitorum  muscles;  draw  outward  toward  the  little  toe  the  internal  plantar 
nerve.  Then  the  long  flexor  tendon  of  the  first  lumbrical  muscle  and  the  short 
flexor  tendon  of  the  second  toe  are  drawTi  outward,  exposing  the  strong  adductor 
hallucis  muscle.  Cut  through  this  muscle,  and  the  artery  will  be  found  at  the 
first  interosseous  space,  where  it  joins  the  dorsalis  pedis.    The  artery  rests  upon 
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the  interosseous  muscle.  This  vessel  need  not  be  ligated  except  to  arrest  hem- 
orrhage from  direct  injury,  when  it  is  tied  in  the  wound  at  both  ends.  To  obvi- 
ate secondary  hemorrhage  in  this  locality  it  is  usual  to  ligate  the  nearest  collat- 
eral branches. 


III.   INTERMEDIATE  LIGATION,  OR  LIGATURE  EN  MASSE. 

As  a  rule,  ligature  en  masse  is  restricted  to  the  control  of  parenchyma- 
tous hemorrhage  such  as  comes  from  capillary  oozing,  or  from  inaccessible 
sources.  It  is  performed  by  entering  a  needle  fully  curved  and  threaded  with 
catgut  to  one  side  of  the  site  of  the  hemorrhage  and  passing  it  more  or  less 
completely  around  the  area  of  bleeding  or  around  the  vessels  supplying  the 
part  with  blood.  The  needle  should  emerge  close  to  the  point  of  entrance,  and 
the  bleeding  surface  should  be  controlled  by  tying  the  ligature  until  all  hem- 
orrhage stops.  In  hemorrhage  from  a  large  area,  several  ligatures,  each  of 
them  taking  in  a  part  of  the  vascular  supply  of  the  bleeding  surface,  may  be 
employed.    Enough  ligatures  should  be  used  to  secure  complete  haemostasis. 


IV.  LIGATURE   OF  VEINS  IN  THEIR  CONTINUITY. 

General  Considerations. — Surgery  of  the  venous  system  is  still  in  an  un- 
satisfactory state,  but  during  recent  years  it  has  taken  a  long  step  forward. 
Reports  upon  the  work  done  on  the  great  venous  trunks,  delivered  before  the 
French  Congress  of  Surgery  held  in  Paris  in  October,  1906,  demonstrate  the 
advance  made  in  this  important  surgical  field.  Lejars'  remarkable  report 
of  operations  performed  on  the  large  venous  trunks  shows  clearly  the  rapid 
strides  the  modern  surgeon  is  making  in  the  preservation  of  vascular  permea- 
bility in  injuries  of  the  great  venous  trunks.  Up  to  within  a  short  time  ago 
this  field  lay  beyond  the  pale  of  surgery.  The  frequency  and  gravity  of  the 
septic  thrombus  forbade  general  interference.  Even  the  ligature  which  a  wound 
of  a  vein  demanded  was  considered  undesirable  if  not  hazardous.  But  with 
more  definite  knowledge,  aseptic  methods,  improved  operative  technique,  and 
knowledge  of  the  healing  properties  of  serous  membranes,  a  form  of  conserv- 
ative surgery  is  fast  bringing  us  to  a  realization  of  the  number  of  lives  that 
can  be  saved  by  the  utilization  of  means  justified  by  modern  investigation. 
Before  the  aseptic  period,  operations  upon  veins  were  dangerous,  not  only  because 
of  hemorrhage  and  air  embolisms,  but  also  because  of  the  frequency  with 
which  fatal  complications — such  as  phlebitis,  septic  thrombosis,  and  pyaemia 
— occurred. 

Operative  Technique. — In  operations  upon  the  veins  the  same  general 
precautions  should  be  observed  as  those  which  have  already  been  recommended 
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in  the  section  relating  to  operations  upon  the  arteries.  Ligature  may  be  per- 
formed either  for  the  permanent  or  for  the  temporary  arrest  of  the  circulation 
of  the  blood  in  the  continuity  of  the  vein.  In  permanent  ligatures  of  the  veins 
for  hemorrhage  double  ligatures  must  be  applied — one  ligature  on  each  side 
of  the  wound — and  care  should  be  taken  to  see  that  no  anastomosing  branch 
communicates  with  the  wounded  vein  between  the  ligatures.  If  such  an  anas- 
tomosing branch  be  found,  it  also  will  have  to  be  Ugated  in  order  to  prevent 
secondary  hemorrhage. 

For  the  purposes  of  ligature  plain  or  chromicized  catgut,  ranging  in  size 
from  No.  00  to  No.  3,  serves  best.  In  cases  in  which  the  Ugature  of  necessity 
has  to  be  placed  close  to  the  divided  end  of  a  large  vein,  and  when  there  is 
danger  that  it  may  slip,  twisted  silk  should  be  used  instead  of  catgut.  When 
a  vein  is  to  be  sutiued,  a  No.  00-.  or  an  No.  0-sized  silk  ligature,  which  just  fits 
the  eye  of  the  needle,  should  be  employed.  Schede  uses  fine  catgut,  claiming  for 
it  the  advantage  that  when  it  swells  it  better  occludes  the  hole  in  the  vein 
made  by  the  needle.  In  the  suturing  of  veins  the  sutures  should  be  placed 
close  together  and  as  close  to  the  lips  of  the  wound  as  is  possible.  The  wound 
should  be  closed  with  a  hem  suture  and  care  should  be  taken  to  see  that  the 
edges  of  the  woimded  vein  do  not  turn  in.  By  observing  this  precaution  we 
avoid  narrowing  the  lumen  of  the  vein  and  the  chances  of  thrombosis  are  thus 
lessened. 

V.   LIGATION  OF  INDI\TDl  AL  VEINS. 

In  describing  the  operations  for  ligature  of  individual  veins  we  shall  consider 
only  the  larger  trunks.  Injuries  of  the  portal  vein,  of  the  vense  cavce  (when 
wounded  at  the  level  of  or  above  the  renal  veins),  and  of  the  brachiocephalic 
trunk,  necessitate  suturing,  and  will  be  dealt  with  later.  Descriptions  of  the 
operations  on  the  other  veins  will  be  confined  to  the  larger  vessels,  as  the  ligation 
of  the  smaller  ones  calls  for  no  special  description. 

Ligation  of  the  Internal  Jugular  Vein. — Gross  reports  forty-three  cases  of 
ligation  of  the  internal  jugular,  with  but  fom*  fataUties.  The  four  patients 
died  of  secondary  hemorrhage.  Zaufal,  in  1880,  first  brought  to  the  attention 
of  the  profession  the  fact  that  sinus-phlebitis,  treated  by  trephining  the  mastoid 
process  and  ligating  the  internal  jugular  vein  when  it  is  the  seat  of  thrombosis, 
is,  in  a  large  percentage  of  cases,  successful.  In  1896  Hessler  reported  eighty- 
eight  cases  of  sinus-phlebitis  of  the  sigmoid  fossa.  In  these  cases  the  lateral 
sinus  was  evacuated .  seventy-six  times  and  the  internal  jugular  was  ligated 
thirty-two  times.  Of  this  number,  thirty-two  terminated  fatally.  Macewen 
reported  twenty-eight  cases  ANith  but  eight  deaths;  Rohrbach  reported  ninety- 
one  cases  with  fourteen  deaths,  thirteen  of  which  were  due  to  infection  (most 
of  them  occurring  in  preaseptic  times).     Only  one  death  was  attributable  to 
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circulatory  changes,  although  nine  cases  had  slight  circulatory  disturbances, 
such  as  lateral  oedema  of  the  face,  headache,  and  loss  of  pupillary  reflexes. 
Dangel  reports  three  cases  of  death  due  to  circulatory  cerebral  disturbances 
following  unilateral  ligation  of  the  vein.  In  two  of  these  cases  death  was 
caused  by  the  presence  of  small  anomalous  internal  jugular  veins  of  the  oppo- 
site side. 

Operation. — The  vein  is  exposed  by  an  incision  made  along  the  anterior 
margin  of  the  sternomastoid  muscle  as  far  down  the  neck  as  is  necessary.  It  is, 
as  a  rule,  Hgated  on  a  level  with  or  just  above  the  hyoid  bone.  The  extent  of 
the  thrombosis  or  seat  of  injury  definitely  decides  how  low  the  vein  should  be 
ligated.  The  vein  is  located  after  the  skin,  the  superficial  fascia,  and  the  platys- 
ma  have, been  divided,  and  after  the  sternomastoid  muscle  has  been  retracted 
outward ;  it  lies  external  to  the  carotid  beneath  the  deep  fascia. 

Jones,  in  The  British  Medical  Journal  for  1906,  interposes  the  following 
objections  to  the  ligation  of  the  internal  jugular  vein  in  otitic  pyaemia:  First, 
the  other  jugular  vein  may  be  small  (anomalous),  in  which  case  the  ligature 
would  result  in  oedema  of  the  brain.  Second,  a  reverse  current  through  the 
inferior  petrosal  and  the  posterior  condyloid  veins  may  occur,  and  in  this  way 
spreading  of  the  infection  may  take  place.  Third,  there  is  danger  of  wound- 
infection.  As  to  the  second  objection,  it  may  be  stated  that  post-mortem 
examinations  show  that  infection  may  take  place  along  the  same  route  even 
without  ligation.  The  third  objection  loses  much  of  its  force  when  it  is  remem- 
bered that  the  tissues  are  usually  already  infected  before  the  operation. 

Ligation  of  the  External  Jugular  Vein. — When  this  vein  requires  ligating, 
as  the  results  of  a  wound  or  of  infection,  the  condition  is  so  obvious  that  a 
preconceived  method  of  exposing  it  is  not  necessary.  Ligature  of  this  vein 
leads  to  no  bad  after-effects.  (See  the  article  on  Surgical  Diseases  and  Wounds 
of  the  Ear,  in  Vol.  V.) 

Ligation  of  the  Innominate  Vein. — Injuries  of  this  vein  that  necessitate 
suturing  or  the  application  of  a  ligature,  are  no  longer  necessarily  fatal.  Stab- 
wounds  of  this  vein  have  been  sutured  and  the  patient  has  recovered.  Perfect 
results  have  also  attended  suturing  of  this  vein  after  it  has  been  injured 
during  the  removal  of  tumors.  Goldman  {Lancet,  1906,  Vol.  I.,  p.  82) 
reports  two  cases  of  successful  ligation  of  the  innominate  vein — one  on 
a  patient  affected  with  intrathoracic  tuberculous  goitre,  and  the  other  in  a 
case  of  secondary  epipleural  abscess  following  costal  caries.  No  circulatory 
disturbance  followed  either  of  these  operations.  Then  the  author  goes  on  to 
say:  "My  most  remarkable  experience  has  been  the  following:  A  woman, 
thirty-four,  suffered  from  chronic  miliary  tuberculosis.  I  traced  its  origin 
to  a  suppurating  lymphatic  gland,  which  had  invaded  the  bulb  of  the  jugular 
vein.  In  excising  the  gland  copious  hemorrhage  resulted  from  a  wound  of  the 
vein.     Suture  and  lateral  ligature  were  ineffective.    Only  after  tying  the  com- 
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mon  jugular,  the  subclavian,  and  innominate  veins  was  I  able  to  arrest  the  bleed- 
ing. Not  the  slightest  circulatoiy  trouble  resulted.  No  abnormal  veins  were 
seen,  and  the  circulation  righted  itself  at  once." 

Brohl  (Centralblatt  fur  Chinirgie,  1896,  p.  408)  reports  the  following  case: 
A  woman,  aged  fifty-two,  presented  herself  with  a  small  tumor  situated  above 
the  left  cla\icle.  It  was  hard,  of  the  size  of  a  walnut,  and  presumably  malignant 
in  character,  and  it  seemed  to  proceed  from  the  left  jugular  vein.  As  a  first 
step  Brohl  ligated  the  common  jugular  above  the  tumor,  and  on  examining  the 
latter  he  found  that  it  was  quite  extensively  in  relation  with  the  subcla^ian 
and  innominate  veins.  He  therefore  sawed  through  the  cla\icle  and  hgated 
first  the  subclavian  and  then,  after  detaching  the  growth  from  its  bed,  the 
innominate.  Then  he  drew  the  ends  of  the  clavicle  together  and  tamponed 
the  wound.  The  tumor  was  found  to  be  a  melanosarcoma.  No  sjrmptoms 
referable  to  the  hgation  occurred  at  or  after  the  operation,  not  even  oedema  of 
the  left  arm;  and  four  months  afterward  the  patient  presented  only  a  sUght 
enlargement  of  the  superficial  veins  of  the  left  half  of  the  breast. 

Kocher,  in  the  last  edition  of  his  Operative  Surgery  ("  Chirurgische  Opera- 
tionslehre,"  Jena,  1907,  pp.  239  and  240),  says  that  in  those  cases  in  which, 
during  the  progress  of  an  intrathoracic  surgical  operation,  it  is  not  found  possi- 
ble to  arrest  the  bleeding  by  a  simple  tamponade,  the  operator  need  not  hesi- 
tate to  apply  ligatures  to  either  the  right  or  the  left  innominate  vein,  and  also 
at  the  same  time  to  the  neighboring  veins  which  pour  their  blood  into  it.  It  is 
understood,  of  course,  that,  in  order  to  accomplish  this,  he  will  veiy  often  find 
it  necessary,  as  a  preliminary  measure,  to  lift  up  temporarily  the  cla\icle,  to 
excise  portions  of  the  first  and  second  ribs,  or  to  make  a  lid-like  opening 
through  the  manubrium  stemi.  He  refers  briefly  to  the  successful  cases  of 
Jordan,  Ricard,  Brohl.  Goldmann,  Heinecke,  Bardenheuer,  and  Plueckers,  in 
most  of  which  no  unpleasant  or  alarming  symptoms  followed  the  closure  of 
these  large  veins. 

Ligation  of  the  Subclavian  Vein.— Ligation  of  this  vessel  should  be  re- 
sort etl  to  only  where  the  conditions  are  imperative.  In  injuries  to  this  vein 
the  hemorrhage  should  be  controlled  if  possible  by  suture  or  by  lateral  ligation. 
After  the  vessel  has  been  ligated  the  collateral  circulation  is  readily  established, 
provided  that  the  circulation  is  otherwise  normal  and  that  no  thrombus  forms 
at  the  site  of  ligation.  Injuries  of  this  vein  alone  are  imcommon,  as  the  vein 
is  protected  by  the  clavicle.  In  gunshot  and  stab-wounds  the  arter}'  and  nerve 
are  usually  injured  at  the  same  time.  Klemm  reports  a  case  of  a  stab-wound 
of  the  vein  below  the  clavicle,  with  recovery  after  lateral  ligation.  According 
to  Goldmann  (Beitrcige  zur  klin.  Chinirgie,  1905,  XL VII.,  p.  172),  hgation  of  the 
subclavian  vein  has  been  practised  with  good  results.  He  mentions  the  fact 
that  gangrene  did  not  follow  in  a  single  one  of  the  four  cases  in  which  Choljzow 
ligated  the  subclavian  vein.    In  two  of  the  cases  there  was  transient  cedema  of 
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the  corresponding  arm,  and  in  all  there  was  a  barely  recognizable  degree  of 
cyanosis.  In  the  case  upon  which  he  himself  operated,  the  facts  were  as  f ollow^s : 
A  man,  forty-four  years  of  age,  had  extensive  caries  of  the  ribs  on  the  right 
side.  In  the  mammillary  line  there  was  a  fistula  that  extended  to  the  third 
rib.  It  was  laid  open,  as  was  also  a  large  tuberculous  retro-mammary  abscess 
that  extended  upward  as  far  as  the  supraclavicular  border.  Portions  of  the 
second  and  third  ribs  were  resected,  and  the  lining  membrane  of  the  abscess 
was  removed.  In  the  course  of  this  work  a  passage  was  found  which  led,  below 
the  clavicle,  to  the  tubercle  of  Lisfranc  on  the  first  rib.  The  latter  bone  was  found 
to  be  diseased  throughout  a  distance  of  fully  4  cm.  (one  and  one-half  in.).  In  the 
course  of  the  resection  which  the  finding  of  this  condition  necessitated,  the  sub- 
clavian vein  was  wounded.  It  was  therefore  hgatured  in  two  places,  and  divided 
between  the  ligatures.  Closure  of  the  wound,  with  drainage.  No  disturbance  of 
the  circulation  in  the  arm  followed  the  operation,  and  the  external  wound  healed 
kindly.  The  patient  was  seen  again  at  a  much  later  date,  and  no  evidences  of 
any  unfavorable  result  of  the  ligation  could  be  discovered.  In  a  case  of  double 
ligature  of  the  subclavian  vein  reported  by  J.  C.  Warren,  of  Boston,  consider- 
able swelHng  of  the  arm  followed  the  operation,  but  it  soon  subsided  under 
maintenance  of  absolute  rest,  and  the  patient  regained  the  entire  use  of  the 
arm.  A  number  of  other  instances  might  be  cited  from  surgical  literature,  but 
these  are  sufficient.  A  noticeable  feature  in  all  of  these  reports  is  the  absence 
of  any  mention  of  gangrene,  of  air  embolism,  or  of  the  development  of  sepsis 
following  the  thrombosis  of  the  vein.  Modern  aseptic  and  antiseptic  technique 
is  doubtless  to  be  credited  with  these  favorable  results. 

Ligation  of  the  Axillary  Vein.. — Injuries  of  this  vein  are  much  less  frequent 
than  are  injuries  to  the  artery.  Veins  are  injured  usually  as  a  result  of  operative 
procedures,  such  as  the  removal  of  diseased  axillary  lymph  nodes,  especially 
when  the  vein  is  embedded  among  them.  The  vein  may  also  become  the  seat 
of  thrombosis  as  a  result  of  contusions  produced  by  operations,  fractures,  dis- 
locations, and  wounds. 

When  the  vein  is  injured  below  the  entrance  of  the  cephalic,  ligation  is  a 
comparatively  harmless  procedure,  the  only  result  being  a  slight  stasis  in  the 
arm,  which  disappears  spontaneously  or  after  elevation  and  bandaging  of  the 
extremity;  but,  when  the  injury  is  located  higher  up,  Hgation  is  a  more  serious 
matter,  as  the  collateral  circulation  is  insufficient.  The  vein  is  exposed  through 
the  same  incision  as  that  which  is  used  for  exposing  the  artery;  the  vein  is 
found  in  front  of  the  artery. 

The  published  records  contain  many  instances  of  the  successful  ligation  of 
the  axillary  vein.  One  of  the  most  recent  is  that  reported  by  Richard  R.  Smith, 
of  Grand  Rapids,  Mich.  (Annals  of  Surgery,  Vol.  XXXIX.,  1904,  p.  757).  In 
this  case  there  was  made  accidentally,  in  the  course  of  an  operation  for  the 
removal  of  a  cancerous  breast,  a  transverse  cut  in  the  axillary  vein.    In  length 
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this  cut  involved  about  one-third  of  the  circumference  of  the  vein.  A  catgut 
Ugature,  completely  occluding  the  lumen,  was  at  once  placed  above  and  below 
the  defect,  and  the  operation  on  the  breast  was  continued.  No  circulatory 
disturbance  of  any  kind  was  afterward  noted,  and  reports  of  a  similar  character 
are  made  by  practically  all  the  surgeons  who  have  pubhshed  their  experience 
with  regard  to  the  operation  of  ligaturing  the  axillary-  vein.  Similar  results 
have  followed  ligature  in  two  instances  practised  by  Bryant. 

Ligation  of  the  Brachial  Vein. — This  calls  for  no  particular  comment. 
The  indications  for  the  ligation  of  this  vein  are  the  same  as  those  which  call 
for  ligation  of  veins  in  general,  and  the  vein  may  be  exposed  through  the  same 
incisions  as  those  which  are  used  for  exposing  the  brachial  artery.  (See  page  500.) 

Ligation  of  the  Inferior  Vena  Cava. — Lejars  reports  six  cases  of  Hgation 
of  this  vein,  with  four  recoveries.  Jacobsthal,  in  1905,  collected  three  cases 
of  ligation  of  this  vein.  The  first  was  performed  by  Schede,  in  1888,  the  second 
by  Manteufel,  and  the  third  by  Garre.  Houzel  reports  a  case  of  hgation  of 
this  vein  just  below  the  renal.  In  this  case  it  was  found,  after  the  lapse 
of  four  years,  that  perfect  accommodation  of  circulation  had  taken  place. 
Cumston  reports  cases  operated  on  by  Luecke,  Bottini,  and  Heresco,  ^ith 
three  recoveries.  In  two  cases  the  vein  was  Ugated  just  below  the  renal. 
Cumston  observes  that  in  these  three  cases  there  was  either  a  tumor  or  a  dus 
pocket  pressing  on  the  inferior  vena  cava,  so  that  the  collateral  circulation  was 
already  somewhat  developed  before  the  operation  was  performed.  Ligation 
of  the  vena  cava  above  the  level  of  the  renal  veins  is  not  permissible,  by  reason 
of  the  fact  that  it  invariably  results  in  death;  in  injuries  to  the  vein  in  this 
situation,  such  as  are  caused  during  operations,  the  wound  should  be  sutured. 

Ligation  of  the  Superior  Vena  Cava. — So  far  as  I  am  able  to  learn,  this 
vein  has  never  been  successfully  ligated. 

Ligation  of  the  Femoral  Vein  (below  Poupart's  ligament).— The  old  teach- 
ing was  that  Ugation  of  this  vein  was  apt  to  be  followed  by  gangrene  of  the  leg, 
as  an  adequate  anastomosis  was  supposed  to  be  more  theoretical  than  real. 
The  theory  was  that  the  valves  prevented  a  backward  flow  of  the  blood  into 
the  venous  system.  Braun,  however,  has  shown  experimentally  that  these 
valves,  in  about  eighty  per  cent  of  all  experiments,  give  way  under  a  pressure 
of  from  145  to  160  mm.  of  mercury.  This  pressure  corresponds  to  the  arterial 
pressure.  Vemeuil,  Karmisson,  von  Mass,  von  Bergmann,  Braun,  and  Lossen 
soon  proved  chnically  the  correctness  of  this  statement.  Franz  reports  fifty- 
four  cases  of  Ugation  of  the  femoral  vein  with  but  two  instances  of  gangrene. 
One  of  these,  that  of  Roux,  was  performed  before  the  days  of  asepsis;  the 
second  case  revealed,  at  the  time  of  operation,  the  presence  of  a  clot  that  ex- 
tended into  the  common  iliac  vein,  thus  precluding  the  possibility  of  collateral 
circulation.  In  slight  wounds  of  this  vein  comphcated  by  severe  hemoi'rhage 
and  by  weak  heart  action,  suturing  is  to  be  preferred  to  Ugation.     If  secondary 
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hemorrhage  follows  suture  or  lateral  ligation,  double  ligation  is  called  for. 
Fear  of  air  entering  the  vein  and  causing  pulmonary  emboUsm  is  unfounded. 
This  occurs  only  in  wounds  near  the  heart.  When  the  femoral  artery  as  well 
as  the  femoral  vein  is  ligated,  the  chances  that  an  adequate  collateral  circulation 
will  be  established  are  much  lessened,  as  the  condition  and  position  of  the  valves 
of  the  collateral  veins  hinder  the  free  return  of  the  blood  to  the  heart.  Braun 
has  shown  by  experiment  that  the  common  femoral  vein  usually  transmits 
all  the  blood  to  the  abdomen.  However,  in  the  extirpation  of  tumors  neces- 
sitating the  ligation  of  this  vein,  no  bad  results  follow.  This  is  believed  to  be 
due  to  the  fact  that  the  pressure  of  the  tumor  causes  the  gradual  establishment 
of  the  collateral  circulation.  Later  observations  and  experiments  have  proved 
that  the  /emoral  vein  can  be  ligated  without  producing  gangrene  even  in  the 
absence  of  tumors.  The  vein  is  exposed  through  the  same  incision  as  that  used 
for  exposing  the  artery.  After  the  operation  the  limb  should  be  suspended 
vertically  so  as  to  aid  in  overcoming  the  resistance  exerted  by  the  valves,  espe- 
cially those  of  the  obturator  and  the  circumflex  iliac  veins.  Simultaneous  liga- 
tion of  the  artery  and  vein  results  in  gangrene  in  from  forty  to  fifty  per  cent 
of  all  cases.  In  ligation  of  the  artery  and  vein  necessitated  during  the  extir- 
pation of  tumors  the  chances  of  gangrene  are  somewhat  lessened — viz.,  according 
to  Kegeyama's  statistics,  to  about  thirty-nine  per  cent  of  all  cases. 

Ligation  of  the  Internal  Saphenous  Vein.  —  Ligation  of  this  vein  is  of 
particular  importance  because  of  the  frequency  with  which  it  becomes  varicose. 
A  great  many  operations  have  been  devised  for  the  cure  of  varicosities  of  this 
vein,  and,  while  many  of  them  are  followed  by  apparent  cures,  the  results  as  a 
whole  are  not  entirely  satisfactory.  In  the  majority  of  operations  the  veins 
ligated  are  superficial  ones  and  multiple,  and,  although  the  ligation  does  away 
with  the  pressure  of  the  blood  column  upon  them,  it  acts  in  no  way  on  the  deep 
veins  which  in  no  small  measure  determine  the  development  of  superficial  vari- 
cosities through  their  insufficiency  and  disease.  Trendelenburg,  in  1891,  pub- 
lished the  report  of  his  method  of  controlling  varicose  veins  of  the  lower 
extremities. 

Trendelenburg's  Operation. — The  saphenous  vein  is  exposed  by  a  longi- 
tudinal or  by  a  transverse  incision  at  the  juncture  of  the  upper  and  middle 
thirds  of  the  thigh.  The  vein  is  hgated  and  divided  between  two  ligatures,  or, 
better  yet,  the  ligatures  may  be  placed  sufficiently  far  apart  to  permit  of  the 
removal  of  about  one  inch  of  the  vein.  Many  surgeons  advocate  ligating  the 
vein  just  below  its  junction  with  the  femoral,  in  order  to  avoid  the  possibili- 
ties of  unusually  high  branching.  Otherwise  each  branch  would  have  to  be 
ligated  separately.  In  well-selected  cases  this  operation  affords  prompt  reUef, 
and,  while  at  first  it  is  almost  always  satisfactory,  it  does  not  always  establish 
a  permanent  cure,  as  recurrences  not  infrequently  take  place.  The  following 
list  gives  some  idea  of  the  amount  of  relief  claimed  for  this  operation: 
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Percentage 
of  Apparent 
Authority.  Cases.  Cures. 

Holtzmann 22  81 .81 

Perthes 87  78.05 

Lenzner 98  56 . 

Harz 56  87.5 

Ramsay 52  75 . 

Gaedeke 55  80.7 

Tentschinski 21  67 . 

(The  subject  of  varicose  veins  of  the  leg  will  be  more  extensively  dealt  with 
under  the  head  of  Surgical  Diseases  of  the  Heart  and  Blood- Vessels,  in  Vol.  VI.) 


V.   VARIOUS  OPEIL\TIVE   PROCEDURES  UPON   VEINS. 


Lateral  Ligation  of  Veins. — By  lateral  ligation  of  veins  (Fig.  288)  is  meant 
the  application  of  ligatures  to  the  walls  of  veins  for  the  purpose  of  closing 
wounds  of  these  vessels  without  obliterating  their  lumens.  This  procedure  has 
been  advocated  for  the  purpose  of  preserving  the  wounded  veins  of  large  size, 
such  as  the  external  jugular,  subclavian,  axillary,  femoral,  inferior  vena  cava, 
etc.  The  experiments  performed  by  Mariotti  C'  La  Chirurgia  della  Vena,"  1906) 
prove  that  lateral  ligature  is  useful  in 
all  those  cases  in  which  the  wound  does 
not  exceed  a  few  millimetres  in  length, 
be  the  wound  parallel  to  the  axis  of 
the  vessel  or  not.  Wounds  of  seven 
or  eight  millimetres  in  length  must  be 
parallel  to  the  axis  of  the  vessel,  as 
otherwise  lateral  ligature  would  involve 
a  too  considerable  reduction  of  the  lu- 
men of  the  vessel.  As  a  general  rule,  it 
may  be  stated  that  vessels  tied  in  this 
manner  must  preserve  at  least  one-ha^f 
of  their  original  calibre.  The  application 
of  lateral  ligature  under  other  condi- 
tions renders  the  liability  to  secondary 
hemorrhage  very  great.  This  is  due 
to  the  fact  that  the  ligature  is  apt  to  slip  in  consequence  of  the  traction  exerted 
upon  it  by  the  venous  walls.  This  accident  is  especially  likely  to  happen  in 
ligature  of  veins  with  very  thick  walls,  such  as  the  inferior  vena  cava.  Trans- 
verse wounds  of  veins  are  especially  suited  to  this  form  of  ligature  because  of 
their  tendency  to  gape  widely. 

Operatiox. — First  control  the  hemorrhage:   then  bring  the  vein  well  into 
the  field  of  operation  and  seize  its  wounded  Ups  with  a  single  bite  of  a  pair  of 


Fig.  288. — Lateral  Ligation  of  a  Vein;  Liga- 
ture being  Applied  to  Wounded  Wall,  which  is 
held  outward  and  puckered  by  means  of  forceps. 
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dissecting  forceps.  Draw  them  outward  from  the  walls  of  the  vein  in  the  form 
of  a  small  cone,  and  tie  the  vein  around  the  base  of  the  cone  with  fine  chromi- 
cized  catgut  or  fine  twisted  silk.  As  the  ligature  is  about  to  be  tightened,  tension 
upon  the  cone  should  be  relaxed  in  order  to  throw  the  walls  of  the  cone  into 
folds,  A  reef  knot  is  generally  used.  Many  surgeons  make  a  third  loop  of  the 
ends  of  the  ligature  in  order  to  prevent  any  untwisting  of  the  ends  of  the  knot 
through  traction  of  the  walls  of  the  vein,  and  many  prefer  silk  to  catgut  because 
there  is  less  likelihood  of  its  slipping  or  untying. 

Braun  reports  the  following  cases  of  lateral  ligature : 

Number  Recov-  -p.      ., 

Veins.  of  Cases.  eries. 

Internal  jugular 12  9                      3 

External  jugular 1  1 

Subclavian 1  1 

Axillary 5  5 

Femoral 8  2                      6 

The  three  deaths  following  ligation  of  the  internal  jugular  were  due  to 
secondary  hemorrhage.  Five  of  the  six  deaths  following  ligation  of  the  femoral 
vein  were  due  to  pyaemia. 

Temporary  Ligation  of  Veins  and  Ligation  of  Veins  en  Masse. — These 
operations  are  practically  the  same  as  those  described  on  page  528. 
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SURGICAL  DRESSINGS. 

The  preparation  and  sterilization  of  the  instruments,  ligature  and  suture 
materials,  textile  fabrics,  gloves,  gowns,  and  other  agents  used  in  connection 
with  surgical  procedure;  also  the  disinfection  of  the  skin,  as  well  as  the  general 
principles  underhdng  the  treatment  of  wounds,  have  already  been  considered  in 
Vol.  I.  (p.  691).  In  the  article  on  ''Wounds  of  the  Soft  Parts,"  in  Vol.  II.  (p.  605), 
suitable  surgical  dressings  have  been  described.  There  remain,  however,  a  few 
other  sm-gical  dressings  of  a  general  character  which  should  be  briefly  described. 

Dressings  are  used  for  preventing  and  overcoming  mfectiou,  and  they  should 
be  employed  so  as  to  contribute  to  the  local  and  general  comfort  of  the  patient, 
securing  rest  and  proper  cleanliness  of  the  parts  involved. 

Gauze. — Gauze  forms  an  ideal  dressing,  the  expense  alone,  especially  in 
hospital  use,  interfering  ^\-ith  prodigal  outlay.  However,  gauze  dressings  once 
soiled  may  be  washed,  resteriUzed,  and  used  again,  but  only  on  infected  surfaces. 

Oakum. — Oakum  carefully  fluffed  and  made  into  pads  with  gauze,  then 
sterihzed  and  bound  in  place,  on  infected  suppuratmg  sm-faces,  is  a  cheap  and 
effective  dressing. 

Collodiimi. — Collodium,  simple,  flexible,  or  styptic,  serves  a  valuable  pur- 
pose in  minor  surgical  matters.  Shght  incisions,  hmited  abrasions,  etc.,  of 
sterile  character  and  in  which  bleeding  has  ceased,  may  be  treated  effectively 
with  collodium  alone  or  combined  with  sterile  absorbent  cotton  or  with  gauze. 
In  either  instance  the  contiguous  integument  should  be  thoroughly  cleansed, 
the  wound  carefully  dried,  and,  perhaps,  the  borders  approximated  to  each  other 
before  the  agent  is  apphed.  The  appUcation  is  made  by  means  of  a  camel's- 
hair  pencil,  the  textile  fabric  being  introduced  from  time  to  time  as  the  putting 
on  progresses.  Several  layers  of  either  tissue  (absorbent  cotton  or  gauze)  may  be 
mingled  with  the  collodium,  and  the  area  covered  may  thus  be  much  extended. 
Iodoform  and  other  medicaments  are  sometimes  mixed  with  the  collodium, 
but  little  if  any  advantage  can  be  claimed  for  these  combinations.  The  presence 
of  fluid  beneath  this  dressing  is  suggestive  of  present  or  impending  infection  and 
ought  to  prompt  its  quick  removal,  absorptive  dressing  being  Anployed  instead. 

Adhesive  Plaster. — Adhesive  plaster,  especially  that  in  which  zinc  oxide  is 
incorporated,  can  be  utiUzed  in  place  of  collodium  in  the  dressing  of  tri\-ial 
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wounds.  The  strips  can  be  quite  well  sterilized  by  passing  them,  the  adhesive 
side  down,  over  the  flame  of  a  spirit  lamp.  But,  before  they  are  applied,  the 
temperature  of  the  reverse  side  should  be  tested,  to  obviate  blistering  the  part. 
If  the  ends  be  turned  under  for  a  distance  of  a  quarter  of  an  inch  or  so,  and  the 
surfaces  stuck  together,  the  strips  can  be  the  more  readily  raised  and  with  less 
annoyance  to  the  patient  than  if  the  ends  be  directly  applied  to  the  skin. 
Adhesive  plaster  is  also  an  admirable  agent  with  which  to  confine  dressings  in 
place  and  to  exercise  pressure  on,  and  control  the  circulation  of,  a  part  or  the 
whole  of  a  hmb.  When  employed  for  these  purposes  it  should  be  applied  in 
accordance  with  the  principles  that  regulate  proper  bandaging  of  the  part,  thus 
giving  to  the  strapped  and  bandaged  limbs  similar  appearances,  especially  as 
regards  the  spiral  and  imbricated  arrangements  of  the  dressings.  Over  discharg- 
ing wounds,  adhesive  plaster  may  be  applied  in  narrow  strips,  thus  affording 
ample  opportunity  for  the  discharges  to  escape  into  the  absorbent  coverings 
that  should  be  present  in  these  cases, 

Green-Silk  and  Rubber-Tissue  Protective.— These  arc  useful  agents  in 
dressing  dry  wounds  of  limited  extent.  But,  when  employed  over  extended 
surfaces,  they  interfere  with  evaporation  and  correspondingly  macerate  the 
tissues-,  and  they  thus  facilitate  the  development  of  infecting  agencies.  When 
however,  either  of  these  agents  is  applied  in  the  form  of  narrow  strips,  imbri- 


FiG.  289. — Green-Silk  Protective  Strapping  for  Skin  Grafting  and  Raw  Surfaces, 


Gated  or  not,  as  in  skin-grafting  (Fig,  289)  and  blood-clot  organization  (Schede), 
equitable  temperature  is  maintained  and  free  escape  of  discharges  into  super- 
imposed absorbent  dressings  is  promoted.  Rubber  tissue  yields  readily  to  the 
influence  of  overwarm  or  hot  fluids  and  is  often  awkward  to  manage  when  in 
contact  with  either.     Conseciuently  it  is  of  less  practical  use  than  the  green  silk. 
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TAMPONADES  AND  DRAINS. 

For  vaginal  tamponade,  lamb's  wool  is  employed;  as  a  tampon  for  a  wound, 
gauze  is  used.  Drainage  strips  are  of  various  widths,  the  edges  being  turned  in 
and  hemmed.  A  graduated  tamponade,  a  pyramid  built  up  of  different-sized 
layers  of  gauze,  is  useful  in  exerting  even  pressure  or  in  checking  hemorrhage. 


Fig.  290. — Umbrella  Tampon  for  Perineal  Section  Wounds  and  Rectal  Wounds. 

Umbrella  Tampon. — This  type  of  tampon  (Fig.  290),  formed  by  a  rubber 
tube  to  which  is  sewed  a  curtain  of  gauze,  is  useful  in  bleeding  from  rectal  and 
perineal  wounds.     Tlie  interior  of  the  curtain  is  packed  soUdly  with  gauze  strips 


Fig.  291.— Cigarette  Drain. 

after  the  tampon  has  been  placed  in  the  wound,  the  rubber  tube  allowing  the 
escape  of  gas  or  urine,  as  the  case  may  be. 

Mikulicz  Drain. — Tliis  is  a  bag  of  one  or  two  layers  of  gauze  into  which, 
after  being  placed  in  the  ca\dty  to  be  drained,  are  packed  strips  of  gauze. 

Cigarette  Drains. — A  cigarette  drain  (Fig.  291)  is  made  by  enclosing  anum- 
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ber  of  strands  of  lampwicking  or  several  gauze  strips,  in  a  cover  of  green  silk  pro- 
tective. The  cover  may  be  fenestrated  or  left  plain.  When  this  drain  is  em- 
ployed in  connection  with  serous  surfaces  it  is  better  that  the  textile  fabric  part 
be  not  permitted  to  come  directly  in  contact  with  them. 

The  three  above-mentioned  drains  are  useful  in  draining  or  packing  large 
cavities  and  yet  allowing  of  ready  removal  through  a  small  opening. 
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Fig.  292.  Fig.  293. 

Fig.  292. — Harrison  Method  for  Preparing  Rubber  Drainage  Tubes. 
Fig.  293. — Rubber  Dam  for  Glass-Tube  Drainage. 


Other  Forms  of  Drains. — Green-silk  protective  is  useful  as  a  capillary 
drain.  Two  or  three  strips  should  be  used,  and  they  should  measure  half  an 
inch  in  width  and  several  inches  in  length. 

Rubber  tissue  is  too  readily  disintegrated  by  wound  secretions  to  act  effi- 
ciently as  a  drain  if  prolonged  drainage  is  required. 

Rubber  tubes  are  useful  in  various  sizes  and  lengths.  When  used  for  drain- 
ing an  infected  area,  fenestrse  should  be  placed  only  in  the  infected  area.  To 
fenestrate  these  tubes  without  reference  to  the  sites  of  infection  is  promptly  to 
invite  infection  throughout  the  entire  area  through  which  the  tube  passes. 
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A  form  of  rubber  tube  useful  in  draining  pelvic  abscesses  per  vaginam  has 
been  devised  by  Harrison  (Fig.  292). 

Glass  tubes  serve  the  same  purpose  as  rubber  tubes,  and  in  the  majority 
of  cases  are  better  employed,  for  rubber  tubes,  after  a  certain  length  of  time, 
prove  irritating  and  increase  the  amount  of  discharge  from  the  draining  tract. 
The  discharge  through  the  tube  may  be  kept  from  coming  in  contact  with 
the  wound  by  employing  a  bag  of  rubber  tissue  containing  gauze,  a  strip  of 
which  leads  down  into  the  glass  tube  (Fig.  293). 

BANDAGING. 

Materials. — According  to  the  specific  purpose  which  they  are  to  serve,  band- 
ages are  made  of  various  materials,  those  commonly  employed  being  bleached  and 
unbleached  muslin,  linen,  crinoline,  gauze,  flannel,  and  rubber. 

Uses. — Bandages  are  used  for  retaining  dressings,  as  in  the  case  of  wounds; 
for  retaining  splints,  as  in  fractures  and  dislocations;  for  making  pressure,  as  in 


Fig.  294.— Double  Roller  Bandage  of  the  Head. 

the  palliative  treatment  of  varicose  veins  and  as  in  Bier's  hypersemia  treatment 
of  tuberculous  joints  and  other  infections,  and  for  the  arrest  of  hemorrhage;  for 
purposes  of  immobilization,  as  in  fractures,  in  which  case  a  hardening  agent  such 
as  plaster  of  Paris,  paraffin,  water-glass,  or  starch  is  worked  into  the  bandage. 
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Classification. — Bandages  are  classified  according  to  the  materials  of  which 
they  are  made,  according  to  the  form  in  which  the  material  is  made  up,  and 


Fig.  295. — Rolling  Bandage  by  Hand. 

according  to  the  purpose  for  which  the  bandage  is  to  be  used.    Bandages  may  be 
classified  as  follows : 

1.  The  simple  or  roller  bandage,  which  may  be  a  single  or  double  roller 
(Fig.  294). 

2.  Compound  bandages,  or  many-tailed  bandages  and  slings. 


Fig.  296. — Machine  for  Rolling  Bandages  by  Hand  Power. 

3.  Immobilizing  bandages,  such  as  those  made  of  crinoline  or  other  large- 
meshed  material  in  which  plaster  of  Paris  or  starch  or  some  other  hardening  agent 
has  been  incorporated.     These  are  most  frequently  of  the  roller-bandage  type. 

4.  Pressure  bandages,  usually  made  of  rubber,  such  as  Martin's  rubber  bandage. 
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Manufacture. — Of  whatever  material  the  bandage  is  composed  the  most 
frequently  used  is  the  roller  bandage.  These  are  made  by  cutting  the  selected 
material  into  strips  that  vary  in  width  and  length,  according  to  the  locality  to  be 
bandaged.  If  gauze  is  the  material  of  which  the  bandage  is  to  be  made,  a  simple 
way  of  cutting  the  bandage  straight,  without  fraj-ed  edges,  is  to  draw  a  thread 
the  desired  length  of  the  bandage,  thus  allowing  of  the  clean  cutting  of  the  material 
along  the  line  so  marked.  The  strips  are  rolled  into  a  cylinder  either  by  hand  or 
by  means  of  a  special  machine.     If  they  are  rolled  by  hand,  one  end  of  the  strip 


Fig.  297. — Machine  for  Rolling  Bandages  by  Foot  Power. 

is  first  folded  on  itself  a  number  of  times  until  a  smooth  cylinder  is  formed.  This 
cylinder  is  grasped  by  the  right  hand,  the  forefinger  pressing  upon  one  end,  the 
thumb  on  the  other,  and  while  so  held  it  is  revolved  by  the  fingers  of  the  other 
hand  in  such  a  manner  as  to  roll  around  it  the  rest  of  the  strip  which  is  guided 
by  the  left  hand  (Fig.  295) ;  or,  the  bandage  ha\dng  been  started  in  the  above 
manner,  the  process  may  be  continued  by  rolling  it  on  a  hard  surface  with  the 
palm  of  the  hand,  or  by  placing  the  bandage  on  the  anterior  surface  of  the  thigh 
and  rolling  it  toward  the  knee  with  the  palm  of  the  hand.  In  either  case  tension 
should  be  made  on  the  strip  at  the  same  time  and  care  taken  that  with  each 
revolution  the  strip  accurately  overlies  the  preceding  one.  Bandages  may  be 
rolled  by  a  machine  worked  either  by  hand  (Fig.  296)  or  by  foot  (Fig.  297). 
One  end  of  the  bandage  is  fastened  under  tension  to  the  revolving  spindle  of  the 
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machine,  and  this,  being  turned  by  a  crank,  rapidly  rolls  up  the  strip.  Bandages 
may  be  made  rapidly  in  quantities  in  the  following  manner:  A  wide  box,  one  foot 
deep,  three  feet  wide,  and  long  enough  to  accommodate  the  bolt  of  material,  is 
required.  This  box  (Fig.  298)  is  fitted  with  one-half  dozen  wooden  rollers 
for  guiding  the  material,  and  a  metal  roller  with  a  crank  attached,  on  which  to 
wind  the  material.  The  required  number  of  yards  is  wound  on  the  metal  roller 
and  the  material  is  cut  across.  The  roll  is  removed  by  withdrawing  the  metal 
roller.     This  long  roll  is  then  cut  into  the  required  widths  by  means  of  a  bandage 


Fig.  298. — Apparatus  for  Rolling  Large  Bandages. 

knife.  A  Christy  bread  knife  answers  this  purpose  admirably.  For  steadying 
the  roll  while  it  is  being  cut  a  carpenter's  small-sized  mitre  box  is  useful 
(Fig.  299). 

Dimensions. — The  following  are  the  most  commonly  used  bandages,  though 
other  materials  and  other  dimensions  are  used  accordmg  to  the  part  to  which 
the  bandage  is  to  be  applied,  and  also  according  to  the  purpose  for  which  it  is 
to  be  used: 

Muslin,  7  yards  long  by  If,  2^,  3,  and  4  inches  wide;  gauze,  8  yards  long,  by 
3  and  3^  inches  wide;  flannel,  6  yards  long  by  1^  2,  2^,  3,  and  4  inches  wide; 
crinoline,  6  yards  long  by  2,  2^,  3^,  and  4  inches  wide;  finger  bandages,  4  yards 
long  by  i  and  f  inch  wide;  double  roller  head  bandage,  10  yards  long  by  1^ 
and  2  inches  wide;  chest  or  abdominal  roller  bandage,  10  yards  long  by  4,  6, 
and  8  inches  wide;  plaster  bandages,  7  yards  long  by  2^  and  3^  inches  wide; 
starch  bandages,  1,  2,  and  3  inches  wide. 
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Certain  terms  are  applied  to  different  parts  of  the  roller  bandage  in  order  to 
facilitate  the  description  of  its  application.  The  free  end  is  known  as  the  initial 
extremity,  the  enclosed  end  as  the  terminal  extremity,  and  all  that  portion 
between  is  termed  the  body  of  the  bandage.  The  sm-faces  are  known  as  internal 
and  external. 

General  Rules. — In  the  application  of  the  roller  bandage  the  roller  should 
be  grasped  tightly  between  the  thumb  and  finger,  the  body  of  the  bandage  resting 


Fig.  299. — Mitre  Box  and  Christ}-  Knife  for  Cutting  Bandages. 

in  the  hollow  of  the  hand,  the  loose  end  on  the  palm,  so  that  it  will  unroll  easily 
while  resting  in  the  palm.  The  internal  surface  becomes  the  external  when  it  is 
applied  to  the  part,  and  the  external  surface  becomes  internal.  WTien  a  bandage 
is  applied  to  an  extremity,  it  should  (when  applied  anteriorly)  roll  away  from 
the  median  line  of  the  body.  The  turns  are  always  to  be  applied  smoothly 
and  with  even  pressure;  otherwise,  swelling  or  even  gangrene  may  result.     If 


Fig.  300. — Volkmann  Block. 


it  is  too  tightly  applied,  though  with  even  pressure,  ischa^mic  muscular  paralysis 
may  result.     In  the  case  of  an  extremity  the  bandage  should  be  begun  at  the 
toes  or  fingers  and  applied  in  an  upward  direction.     Before  the  appHcation  of 
VOL.  r\'. — 35 
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the  bandage  the  part  to  be  bandaged  should  be  placed  in  the  position  it  is  in- 
tended to  retain  after  the  bandage  is  applied.  If  this  is  not  done  the  band- 
age will  not  lie  smoothly  and  may  subsequently  cause  uneven  pressure.  When 
bleached-muslin  bandages  are  employed,  the  material  may  be  wrung  out  of 
warm  water,  as  this  will  be  found  to  facilitate  the  applications,  particularly  in 


M 

s^ 
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Fig.  301. — Bandage  Scissors. 

the  case  of  small  muslin  bandages,  such  as  finger  bandages.  The  terminal  ex- 
tremity should  be  fastened,  either  by  sewing  with  needle  and  thread  or  by  the 
use  of  safety-pins,  or  the  end  may  be  torn  longitudinally,  knotted  to  prevent 
further  tearing,  and  the  two  tails  placed  around  the  part  in  opposite  direc- 
tions and  tied.  When  pelvic  or  chest  bandages  are  applied,  the  patient  being 
under  the  influence  of  an  anaesthetic,  the  body  may  be  supported  by  the  Volk- 


FiG.  302. — Circular  Bandage  of  Wrist. 

mann   block  (Fig.    300).     An  inverted  hand  basin  serves  the  purpose  in  an 
emergency. 

Bandages  may  be  removed  either  by  cutting  or  by  unwinding  them.  If 
they  are  removed  by  cutting,  special  scissors  having  a  blunt  point  on  one  blade 
should  be  used  in  order  to  prevent  possible  injury  to  the  skin  while  cutting  the 
bandage  (Fig.  301).  If  a  bandage  is  removed  by  unwinding  it,  the  unrolled 
portion  should  be  loosely  grasped  in  the  hands  in  a  mass  as  the  unwinding 
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proceeds,  and  the  unwound  portion  passed  from  one  hand  to  the  other,  thus 
allowing  of  rapid  and  neat  removal.     In  hospital  practice  bandages  should  be 


Fig.  303. — ^Spiral  Bandage  of  Forearm, 


removed  by  unrolling  rather  than  by  cutting,  unless  they  are  too  soiled  to  allow 
of  ready  cleansing,  or  unless  their  removal  by  unrolling  would  cause  ])ain  to  the 
patient  by  untlue  moving  of  the 
affected  part. 

Varieties  of  Roller  Bandages.— 
In  bandaging,  a  number  of  turns 
are  used  with  which  it  is  necessary 
to  become  familiar  before  applying 
any  special  bandage.  Circular,  spiral, 
and  spica  turns  are  used  either  alone 
or  in  combination,  or  with  some 
modification,  and  the  bandage  the 
predominating  feature  of  which  is 
formed  by  these  turns  is  known  as  a 
circular,  spica,  or  spiral  bandage. 

Circular  Bandage.  —  A  circular 
bandage  (Fig.  302)  is  made  up  of  a 
number  of  circular  turns,  each  turn 
accurately  overlapping  the  turn  pre- 
ceding it.  It  is  useful  in  retaining 
dressings  upon  circular  portions  of  the 
body,  as  the  head,  upper  arm,  and 
neck,  and  for  purposes  of  coaptation. 

Oblique  Bandage.  —  An  oblique 
bandage  is  one  in  which  the  turns 
run  obliquely  around  the  part  with- 
out overlapping.  Such  a  bandage  is 
useful  in  applying  temporary  dress- 
ings. The  Esmarch  bandage  is  applied  in  this  manner,  to  allow  of  ready  removal 
in  the  reverse  order  of  that  which  was  employed  when  it  was  originally  applied. 


Fig.  304. — Spiral    Reversed    Bandage    of    the    L^, 
Showing  the  Method  of  Making  the  Reverses. 
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Fig.  305. — Recurrent  Bandage  of  Stump. 


Spiral  Bandage. — In  a  spiral  bandage  (Fig. 
303)  the  turns  surround  the  part  in  a  spiral 
manner,  each  turn  covering  one-half  or  more 
of  the  preceding  turn.  This  form  of  bandage 
is  useful  in  parts  of  the  body  which  do  not 
increase  rapidly  in  circumference,  as  the 
finger,  chest,  or  abdomen. 

Reversed  Spiral  Bandage. — When  the  part 
of  the  body  to  be  bandaged  increases  rapidly 
in  circumference,  as  in  the  case  of  the  forearm 
or  leg  of  a  well-nourished  person,  it  is  found 
impracticable  to  use  spiral  turns,  as  they  do 
not  lie  smoothly  and,  what  is  more  import- 
ant, do  not  exert  even  pressure.  To  over- 
come this,  when  a  part  of  the  limb  is  reached 
where  the  spiral  turn  if  continued  would  not 
lie  smoothly,  a  "reverse"  is  made  so  as  to 
cause  the  turn  to  conform  to  the  shape  of  the 
part  (Fig.  304).  In  making  these  reverses  it 
is  well  not  to  unroll  much  of  the  bandage, 
but  only  six  or  eight  inches  of  it.  While  the 
forefinger  of  the  left  hand  presses  on  the  pre- 


viously applied  turn  and  holds  it  in 
place,  the  head  of  the  roller  is  turned 
toward  the  operator  in  such  a  man- 
ner that  the  slack  is  turned  or  folded 
obliquely  on  itself.  As  many  of  these 
reverse  turns  are  applied  as  are  re- 
quired. Care  must  be  taken  that  the 
points  of  the  reverses  are  in  align- 
ment and  that  they  are  smoothly 
appHed;  also  that  they  do  not  lie 
over  bony  prominences,  such  as  the 
crest  of  the  tibia,  for  here  they  may 
give  rise  to  pressure  effects. 

Spica  Bandage. — Spica  turns  are 
those  which  cross  each  other  in  the 
form  of  the  capital  Greek  letter 
Lambda,  and  a  bandage  made  up 
for  the  most  part  of  these  turns  is 
known  as  a  spica  bandage  (Fig. 
322).      Such  a  bandage  is  useful  in 


Fig.  306. — Fronto-occipital  Bandage  of  the  Head. 
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retaining   dressings  to   the   shoulder   and   groin,   and  also    in    exerting  firm 
pressure. 

Figure-of-8  Bandage. — These  bandages  (Fig.  320)  are  made  of  figure-of-8 
tiUTis,  and  are  most  frequently  employed  in  the  neighborhood  of  joints,  a 
turn  being  first  taken  above  the  joint  and  then  one  below  it,  thus  forming  a 
figure-of-8.  In  the  same  manner  a  figure-of-8  may  be  appUed  to  the  1^, 
either  short  turns  being  used,  when  the  bandage  is  kno\\Ti  as  a  short  figiu-e-of-8, 
or  longer  ones  ^ith  some  spiral  turns,  when  it  is  knowTi  as  a  long  figure-of-8. 


Fig.  307. — Oblique  Bandage  of  the  Head. 


Fig.  308. — Recurrent  Bandage  of  the  Head. 


Recurrent  Bandage. — Recurrent  bandages  (Fig.  305)  are  made  up  of  turns 
which  extend  back  and  forth  over  the  part  until  it  is  covered  in,  all  these  turns 
being  secured  by  spiral  turns.  This  bandage  is  used  for  covering  in  the  ends 
of  fingers,  for  dressing  stumps,  and  for  retaining  dressings  upon  the  scalp. 

Head  Bandage;  Franio-occipital  Bandage. — The  initial  extremity  of  the 
bandage  fFig.  306)  is  fixed  beneath  the  inion  by  means  of  the  index  finger  of 
the  left  hand;  the  roller  is  then  carried  across  the  parietal  bone  of  the  left  side 
to  the  forehead,  over  the  forehead,  and  over  the  right  parietal  region  back  to  the 
starting-point ;  these  turns  are  repeated,  care  being  taken  that  each  turn  shall 
accurately  cover  the  preceding  turn.  The  terminal  extremity  of  the  bandage 
is  fastened  beneath  the  inion. 

Oblique  Bandage  of  the  Head. — The  initial  extremity  of  this  bandage  (Fig. 
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Fio.  309.— Barton's  Bandage. 

308)  is  secured  by  means  of  one  or  two 
central  point  of  the  forehead  a  reverse 
is  made  and  the  roller  carried  directly 
back  to  the  median  line  over  the,  vertex 
to  just  below  the  inion;  here  the  roller 
is  folded  on  itself  and  carried  forward 
to  the  forehead,  to  the  left  of  the  first 
recurrent  turn,  so  that  it  overlaps  it  by 
two-thirds.  These  recurrent  turns  are 
repeated  between  the  occiput  and  the 
forehead  until  the  whole  of  the  left 
half  of  the  vertex  is  covered.  The  re- 
current turns  are  then  secured  by  a 
fronto-occipital  turn.  In  the  same 
manner  the  right  half  of  the  vertex  is 
covered  in.  The  bandage  is  completed 
by  one  or  more  fronto-occipital  turns. 

Barton's  Bandage. — The  initial  ex- 
tremity of  the  bandage  (Fig.  309)  is 
fixed  to  the  vertex  of  the  head  in  the 
middle  line,  the  index  finger  of  the  left 


307)  is  fixed  by  means  of  one  or  two 
fronto-occipital  turns.  From  the  occi- 
put the  roller  is  passed  obliquely  over 
the  left  parietal  eminence  to  the  fore- 
head and  then  continued  as  in  making 
a  fronto-occipital  turn  that  ends  at  the 
forehead.  From  the  forehead  the  roller 
passes  obliquely  over  the  right  parietal 
eminence  to  the  occiput.  At  the  occi- 
put these  turns  are  continued  in  the  or- 
der named,  each  oblique  turn  covering 
in  the  lower  two-thirds  of  the  preceding 
oblique  turn.  The  bandage  is  complet- 
ed Iw  one  or  more  fronto-occipital 
turns,  the  terminal  extremity  being 
fastened  beneath  the  inion.  These 
oblique  turns  make  a  very  pretty  finish 
to  a  recurrent  head  bandage,  and  at 
the  same  time  render  it  more  secure. 

Recurrent  Bandage  of  theHead. — The 

initial  extremity  of  the  bandage  (Fig. 

fronto-occipital  turns.     Beginning  at  the 


Fig.  310. — Modified  Barton's  Bandage. 
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hand  being  used  for  the  purpose.  The  roller  is  then  passed  over  the  left  parietal 
bone  to  a  point  below  the  inion,  and  then  over  the  right  parietal  bone  to  the 
starting-point;  this  forms  turn  number  1.  To  form  turn  number  2,  the  roller  is 
continued  from  the  starting-point  o^'er  the  temporal  bone,  down  the  side  of  the 
left  cheek,  in  front  of  the  left  ear,  under  the  chin,  up  the  side  of  the  right  cheek, 
in  front  of  the  right  ear,  and  finally 
over  the  right  temporal  bone  to  the 
starting-point .  To  form  turn  number 
3,  continue  from  the  starting-point 
over  the  left  parietal  lx)ne  to  a  point 
below  the  inion,  below  the  right  ear, 
around  the  right  side  of  the  inferior 
maxilla,  to  the  front  of  the  chin,  pass- 
ing over  the  anterior  aspect  of  the  chin 
to  the  left  aspect  of  the  inferior  max- 
illa, and  then  over  this  and  below  the 
left  ear  to  a  point  just  below  the  inion. 
These  three  turns  are  repeated  a  num- 
ber of  times  in  the  order  described. 

The  bandage  has  been  modified 
by  adding  (Fig.  310)  a  fourth  turn — 
a  fronto-occipital  turn  following  the 
third  turn.  Except  for  this  the  modi- 
fied Barton's  is  the  same  as  the  Bar- 
ton's usually  described.  The  points 
of  intersection  of  the  various  turns  are 
secured  by  safety-pins.  In  applying  this  bandage,  as  in  applying  all  bandages 
which  fix  the  lower  jaw,  care  should  be  taken,  when  the  application  is  made 
under  an  anaesthetic,  that  provision  is  allowed  for  the  escape  of  vomited  matter. 

Gibson's  Bandage. — The  initial  extremity  of  the  bandage  (Fig.  311)  is  fixed 
with  the  forefinger  of  the  left  hand  over  the  temporal  region,  just  anterior  to 
the  left  ear;  thence  the  roller  is  carried  down  the  cheek,  under  the  chin,  up  in  front 
of  the  right  ear,  and  over  the  vertex  to  its  starting-point.  Three  such  complete 
turns  are  made.  A  reverse  is  made  at  the  end  of  the  third  turn  and  the  roller 
is  carried  to  the  inion,  and  three  complete  fronto-occipital  turns  ending  at  the 
inion  are  made.  The  roller  is  then  carried  around  under  the  right  ear,  along  the 
jaw  to  the  chin,  over  the  front  of  the  chin,  along  the  left  side  of  the  jaw,  and  under 
the  left  ear  to  the  inion.  Three  such  complete  turns  ending  at  the  inion  are  made. 
Here  the  roller  is  reversed  and  carried  in  the  median  line  from  the  vertex  to  the 
forehead,  where  it  is  fastened.  All  intersections  of  turns  are  secured  by  means 
of  safety-pins. 

A  similar  way  of  applying  the  turns,  and  one  which  perhaps  is  more  secure,  is 


Fig.  311. — Gibson's  Bandage. 
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to  fix  the  initial  extremity  of  the  bandage  at  the  vertex,  and  then  to  pass  down 
the  right  side  of  the  jaw  in  front  of  the  ear  to  the  chin,  under  the  chin,  up  the 
left  side  of  the  jaw,  in  front  of  the  ear,  and  so  back  to  the  vertex,  where  the  in- 
itial extremity  of  the  bandage  is  crossed  by  the  roller,  and  the  roller  continued 
over  the  right  parietal  bone  to  the  inion,  under  the  inion,  and  up  over  the  left 
parietal  bone  to  the  starting-point,  thus  making  a  figure-of-8  turn.  This 
figure-of-8  turn  is  repeated  three  or  four  times,  and  then  when  the  inion  is 
again  reached,  on  the  third  or  fourth  turn,  the  third  turn  of  the  Gibson  bandage 
as  before  described  is  made. 

Crossed  Bandage  of  the  Head. — A  double-headed  roller  is  used.    A  fronto- 
occipital  turn  is  made,  the  bandage  "  crossing"  just  above  the  temporo-maxillary 


Fig.   312. 


Fig.  313. 


Fig.  312. — Crossed  Bandage  of  the  Head,  First  Turn. 
Fig.  313. — Crossed  Bandage  of  the  Head,  Second  Turn. 


articulation  (Fig.  312).  The  roller  is  carried  down  over  the  side  of  jaw,  under 
the  chin,  and  up  the  opposite  side  of  the  jaw  to  the  temporo-maxillary  artic- 
ulation of  that  side.  Here  it  is  "crossed"  by  the  other  roller,  which  is  passed 
over  the  vertex  (Fig.  313).     The  points  of  "  crossing  "  alternate. 

Occipito-facial  Bandage. — This  bandage  is  applied  in  the  same  manner  as 
the  first  and  second  turns  of  the  Gibson  bandage,  by  either  of  the  methods 
just  described.  The  turns  along  the  side  of  the  jaw,  however,  cover  in  more  of 
the  surface  and  do  not  accurately  overlie  each  other. 
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Forehead  and  Chin  Bandage.— The  initial  extremity  of  the  bandage  (Fig.  314) 
is  fixed  by  one  or  two  fronto-occipital  turns.  From  below  the  inion  the  roller  is 
passed  around  the  side  of  the  jaw,  be- 
low the  ear  to  the  chin,  across  the  an- 
terior surface  of  the  chin,  and  along 
the  left  side  of  the  jaw,  below  the  left 
ear,  to  a  point  below  the  inion.  A 
fronto-occipital  turn  is  then  made. 
These  turns  are  alternated. 

The  Forehead  and  Upper-Lip  Band- 
age.—This  bandage  (Fig.  315)  is  ap- 
pheti  in  the  same  manner,  except  that 
the  second  turn  passes  from  the  inion 
to  a  point  above  the  ear,  thence  to  the 
upper  lip,  and  so  around  above  the 
opposite  ear  to  the  inion. 

In  the  Forehead  and  Xeck  Bandage 
the  second  turn  passes  from  the  inion, 
around  the  neck,  and  back  to  the  inion. 
Oblique  Bandage  of  the  Jaw. — The 
initial  extremity  of  this  bandage  (Fig. 
316)  is  fixetl  by  means  of  one  or  more 
fronto-occipital  turns.  If  it  is  intended 
to  cover  in  the  left  side  of  the  jaw  the  roller  is  passed  from  right  to  left ;  if  the  right 

side,  from  left  to  right.  From  the 
occiput  the  roller  is  passed  below  the 
ear,  under  the  cliin,  and  up  over 
the  opposite  angle  of  the  jaw.  It  is 
then  carried  to  the  vertex  from  the 
side  of  the  face  just  posterior  to  the 
external  angular  process  of  the  frontal 
bone,  and  in  front  of  the  ear  of  the 
same  side.  The  roller  is  carried  across 
the  vertex,  behind  the  ear  of  the  op- 
posite side,  to  the  point  at  which  it 
first  passed  under  the  chin;  thence  it 
is  continued  around  under  the  chin 
as  before,  this  time,  however,  the  turn 
being  so  placed  as  to  overlap  the  pos- 
terior two-thirds  of  the  previous  turns. 
These  turns  are  continued,  each  overlapping  the  posterior  two-thirds  of  the 
previous  turns  until  the  space  between  the  external  angular  process  and  the  ear 


Fig.  314. — Forehead  and  Chin  Bandage. 


Fig.  315. — Forehead  and  Upper-Lip  Bandage. 
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is  completely  covered.  The  oblique  turns  may  include  the  ear  if  the  indication 
for  this  is  present.  When  a  sufficient  number  of  these  turns  have  been  applied, 
a  reverse  is  made  above  the  opposite  ear,  two  or  three  fronto-occipital  turns  are 
made,  and  the  bandage  is  secured. 

Single-Eye  Bandage. — The  initial  extremity  of  the  bandage  (Fig.  317)  is  fixed 
by  one  or  two  fronto-occipital  turns.  If  it  is  desired  to  cover  in  the  left  eye 
the  turns  should  pass  from  right  to  left;  if  the  right  eye,  vice  versa.  From  the 
occiput  the  roller  is  passed  below  the  lobe  of  the  ear  to  the  cheek,  upward  over 


Fig.  316. — Oblique  Bandage  of  the  Jaw. 


Fig.  317. — Single-Eye  Bandage. 


the  cheek  to  the  glabella,  thence  obliquely  over  the  frontal  and  parietal  regions 
of  the  opposite  side  to  the  occiput,  forming  turn  number  one;  a  fronto-occipital 
turn  is  then  made.  Turn  number  two  is  the  same  as  turn  number  one,  save  that 
it  ascends  above  it  by  one-third  its  width.  It  will  be  found  more  comfortable 
for  the  patient  if  the  second  and  subsequent  turns  cover  in  the  ear  instead  of 
passing  below  it,  as  in  the  case  of  the  first  turn.  These  turns  are  repeated, 
alternating  with  the  fronto-occipital  turns,  until  the  eye  is  entirely  covered  in. 
A  few  fronto-occipital  turns  complete  the  bandage. 

Bandage  for  Both  Eyes. — The  initial  extremity  of  the  bandage  (Fig.  318)  is 
fixed,  by  one  or  more  fronto-occipital  turns.  From  the  occiput  the  roller  is  passed 
under  the  lobe  of  one  ear  to  the  cheek,  upward  upon  the  cheek  to  the  glabella, 
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covering  in  the  first  eye,  and  thence  obliquely  across  the  opposite  frontal  and 
parietal  regions  to  the  occiput.  A  fronto-occipital  turn  is  then  made.  From 
the  occiput  the  roller  is  passed  up  over  the  parietal  and  frontal  regions  to  the 
glabella,  thence,  over  the  second  eye,  obliquely  do\\Ti  the  cheek,  beneath  the  lobe 
of  the  ear,  to  the  occiput.  Again  a  fronto-occipital  turn  is  made.  These  turns 
are  repeated  first  over  one  eye  and  then  over  the  other  eye,  each  succeeding  turn 
covering  in  two-thirds  of  the  preceding  turn,  and  being  alternated  by  a  fronto- 


FiG.  318. 


Fig.  319. 


Fig.  318.— Double-Eye  Bandage. 

Fig.  319. — Double-Eye  Bandage  with  Fronto-occipital  Turns  Omitted. 


occipital  turn.     These  turns  arc  continued  until  the  eyes  are  completeh'  covered. 
The  fronto-occipital  turn  may  be  omittetl.     (Fig.  319.) 

Figure-of-8  Bandage  of  the  Xeck  and  Axilla. — The  initial  extremity  of  the 
bandage  (Fig.  320)  is  fixed  by  one  or  more  circular  turns  around  the  neck;  these 
should  not  be  too  tightly  applied.  According  to  the  axilla  to  be  included,  the 
roller  is  passed  obliquely  across  the  corresponding  shoulder,  under  the  axilla, 
and  back  again  obliquely  over  the  same  shoulder,  crossing  the  first  oblique  turn. 
A  circular  turn  is  then  made  around  the  neck.  The  circular  neck  turns  are 
alternated  with  the  turns  passing  under  the  axilla  and  crossing  over  the  shoulder. 
Each  succeeding  turn  overlaps  the  preceding  one  by  two-thirds  of  its  width. 
A  circular  turn  around  the  neck  completes  the  bandage. 
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Combined  Neck  Bandage. — A  combination  of  head,  neck,  and  chest  turns  is 
useful  in  securely  retaining  the  dressing  after  an  extensive  dissection  in  the  cer- 
vical region.     (Fig.  321.) 

Ascending  Spica  Bandage  of  the  Shoulder. — The  initial  extremity  of  the  roller 
(Fig.  322)  is  fixed  by  means  of  one  or  two  circular  turns  around  the  arm  of  the 


.^ ■       J 


Fig.  320.— Figure-of-8  Bandage  of  Neck  and  Axilla. 


affected  side  at  the  level  of  the  axillary  foid,  or  a  short  distance  below  it.     The 
roller  is  carried  directly  across  the  anterior  aspect  of  the  chest  to  the  axilla  of  the 

opposite  side,  under  the  axilla  to  the 
posterior  aspect  of  the  chest,  and  finally 
across  this  to  the  starting-point.  A 
circular  turn  is  next  made  around  the 
arm  at  the  starting-point,  and  then 
a  second  turn,  similar  to  the  first, 
but  ascending  and  covering  in  two- 
thirds  of  the  previous  turn,  is  made 
around  the  chest.  Except  at  the  op- 
posite axilla,  where  the  turns  exactly 
overlap  each  other,  the  chest  turns 
are  alternated  with  the  circular  turns 
around  the  arm,  each  succeeding  turn 
ascending  by  one-third  of  its  width 
above  the  preceding  turn.  In  this 
manner  the  shoulder  is  ascended  by 
spica  turns  until  it  is  completely 
covered.  The  bandage  is  completed 
by  a  circular  turn  around  the  arm 
Fig.  321.— Combined  Head,  Neck,  and  Shoulder     and  there  fastened.     To  prevent  chaf- 

Bandage.  •  c      i 

mg  of  the  opposite  axilla,  a  pad  of 
cotton  should  be  held  in  place  there  by  the  first  turn  of  the  bandage  around 
the  chest. 
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Descending  Spica  Bandage  of  the  Shmdder. — The  initial  extremity  of  the  band- 
age (Fig.  323)  is  secured  by  means  of  one  or  two  circular  turns  around  the  arm 
at  the  level  of  the  axillary  fold  or  a 
short  distance  below  it.  The  roller  is 
carried  over  the  shoulder  to  the  anterior 
aspect  of  the  chest  as  high  up  as  it  can 
be  made  to  stay,  then  under  the  axilla 
of  the  opposite  side,  around  the  pos- 
terior aspect  of  the  chest,  to  the  start- 
ing-point, where  a  circular  turn  is 
taken.  These  turns  alternate  one  \vith 
another,  each  chest  turn  descending  by 
one-third  the  width  of  the  preceding 
turn  until  the  shoulder  is  completely 
covered  in.  The  bandage  is  finally 
completed  by  a  circular  turn  around 
the  arm.  The  same  precautions  are 
taken,  as  regards  the  opposite  axilla, 
as  in  the  case  of  the  ascending  spica 
of  the  shoulder. 

Velpeau  Bandage.  —  Two  or  more 
roller  bandages  are  required.  The  arm 
of  the  affectetl  side  is  drawn  across  the 
chest,  the  palmar  surface  of  the  fingers 
resting  upon  the  sound  shoulder  near  the 
base  of  the  neck.  The  initial  extrem- 
ity of  the  roller  is  placed  over  the  scapular  region  of  the  unaffected  side,  and 

the  roller  is  carried  over  the  point 
of  the  affected  shoulder;  thence 
it  is  carried  down  across  first  the 
outer  and  then  the  posterior  sur- 
face of  the  arm  of  the  same  side, 
and  under  the  elbow  to  the  an- 
terior chest  wall,  from  which  point 
it  should  pass  diagonally  across 
the  anterior  chest  wall  upward 
to  the  axilla  of  the  unaffected 
side,  and  under  the  axilla  to  the 
starting-point,  thus  completing 
the  first  turn.  (Fig.  324.)  This 
turn  is  repeated  in  order  fii-mly 
to  fix  the  initial  extremity  of  the 


Fig.  322. — Ascending  Spica  of  the  Shoulder. 


Fig.  323. — Descending  Spica  Bandage  of  the  Shoulder. 


558  AMERICAN  PRACTICE  OF  SURGERY. 

roller.  From  the  scapular  region  the  roller  is  carried  directly  arountl  the 
body,  passing  over  the  elbow  of  the  affected  side  near  its  point,  thence  to  the 
axilla  of  the  sound  side,  and  thence  to  the  starting-point,  over  the  scapular  re- 


FiG.    324. — Vclpeau  Bandage,  First  Turn. 

gion  of  the  sound  side.  (Fig.  325.)  These  turns  alternate  one  with  another,  each 
succeeding  turn  overlapping  the  preceding  one  by  two-thirds  its  width,  and 
the  shoulder  turns  gradually  approaching  the  base  of  the  neck;  the  turns  cross 


Fig.  325. — Velpeau  Bandage,  Second  Turn. 


the  elbow  and  gradually  ascend  the  arm  until  the  last  turn  passes  across  the 
wrist  and  is  secured  in  the  axillary  line  of  the  sound  side.  (Fig.  326.)  In  ap- 
plying this  bandage,  as  in  other  cases  in  which  skin  surfaces  are  pressed  to- 
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get  her,  a  layer  of  cotton  should  be  placed  between  such  surfaces  and  plenty  of 
drying  powder  be  used  to  prevent  maceration  and  excoriation. 

The  Desaidt  Bandage  consists  of  three  roller  bandages.  A  wedge-shaped 
pad  is  placed  in  the  axilla  of  the  injured  side.  This  is  held  in  place  by  the 
first  roller  of  the  bandage.  The  initial  extremity  of  the  bandage  is  held 
in  place  by  pressure  of  the  fingers  of  the  left  hand  over  the  lower  ribs  of  the  in- 
jured side ;  the  bandage  itself  is  then  carried  obliquely  across  the  anterior  aspect 
of  the  chest,  over  the  shoulder  of  the  sound  side,  and  thence  through  the  axilla 
to  the  apex  of  the  shoulder,  when  it  crosses  the  first  turn.  Then  it  passes 
diagonally  across  the  back  to  the  injured  side,  fixing  the  initial  extremity  by  pass- 
ing over  it  low  tlown  on  the  ribs.     The  chest  is  then  ascended  by  spiral  turns 


Fig.  326. — Velpeau  Bandage,  Completed. 

which  thus  securely  fasten  the  wedge-shaped  pad  in  position.  These  spiral  turns 
ascend  to  the  level  of  the  axilla.  The  arm  is  now  brought  to  the  side,  the  pad 
acting  as  a  fulcrum.  The  second  roller  of  the  Desault  is  a  series  of  ascending 
spiral  turns  including  the  arm  and  chest.  These  turns  begin  just  above  the 
elbow  of  the  injured  side,  and  end  just  below  the  level  of  the  shoulder. 

The  initial  extremity  of  the  third  roller  is  fixed  in  the  axilla  of  the  sound 
side  by  the  fingers  of  the  left  hand,  and  the  roller  is  carried  obliquely  across  the 
chest  to  and  over  the  shoulder  of  the  injured  side,  directly  downward  to  the  elbow 
of  the  injured  side,  over  this  and  diagonally  up  across  the  chest  to  the  starting- 
point  ;  thence  the  roller  is  carried  obliquely  over  the  posterior  aspect  of  the  chest 
to  and  over  the  shoulder  of  the  affected  side  directly  do\\'n  to  and  over  the  elbow 
of  the  affected  side.  Thence  it  passes  diagonally  across  the  posterior  aspect  of 
the  chest  to  the  starting-point.  These  turns  are  repeated  until  the  roller  is 
finished.     The  hand  is  supported  by  a  bandage  sling. 

The  Desault  bandage  is  used  in  fractures  of  the  clavicle,  the  pad  being  the 
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fulcrum  over  which  the  second  roller  forces  the  arm  to  the  side  in  such  a  manner 
as  to  correct  the  inward  displacement  of  the  fracture  of  the  clavicle.  The  third 
roller,  by  elevating  the  shoulder,  corrects  the  downward  and  forward  displace- 
ment. 

Figure-of-8  Bandage  of  the  Elbow. — The  bandage  (Fig.  327)  should  be 
applied  with  the  arm  flexed.  The  initial  extremity  of  the  bandage  is  fixed  by  one 
or  more  circular  turns  made  a  few  inches  below  the  elbow  joint.  The  roller 
is  then  carried  across  the  flexure  of  the  joint  and  a  circular  turn  is  made  a  few 
inches  above  the  joint.  The  roller  is  then  carried  obliquely  to  the  starting- 
point  and  a  circular  turn  is  made  there.     Circular  turns  below  the  joint  alternate 


Fig.  327.— Figure-of-8  Bandage  of  the  Elbow. 


with  those  above  the  joint,  the  bandage  each  time  obliquely  crossing  the  flexure 
of  the  elbow.  The  circular  turns  gradually  approach  the  tip  of  the  olecranon 
from  both  directions.  The  bandage  is  finally  completed  by  a  circular  turn  around 
the  flexure,  thus  covering  in  the  olecranon.  A  neater  effect  may  be  produced 
by  first  passing  a  circular  turn  around  the  flexure  of  the  joint  and  over  the  tip  of 
the  olecranon  then  a  circular  turn  below,  and  then  one  above,  and  so  on  until 
the  joint  is  completely  covered,  each  turn  covering  in  two-thirds  of  the  preceding 
one. 

Reversed  Spiral  Bandage  of  the  Upper  Extremity. — The  initial  extremity  of  the 
bandage  (Fig.  328)  is  fixed  by  means  of  one  or  two  circular  turns  around  the 
wrist.  The  roller  is  then  carried  obliquely  across  the  back  of  the  hand  to  the 
level  of  the  last  phalangeal  joint.  Here  a  circular  turn  is  made.  By  means 
of  spiral  or  reverse  spiral  turns  the  roller  ascends  the  hand  to  the  metacarpo- 
phalangeal joint  of  the  thumb,  passes  obliquely  to  the  wrist,  where  a  circular 
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turn  is  taken  around  the  ^Tist,  thence  back  obliquely  to  take  a  circular  turn 
around  the  body  of  the  hand.  Three  or  more  of  these  figure-of-8  turns  are 
made,  thus  carrj^mg  the  bandage  dowTi  as  far  as  the  wrist.  The  forearm  is  as- 
cended by  means  of  spiral  or  spiral  reverse  turns,  according  to  the  conformation 
of  the  forearm,  until  the  elbow  is  reached.  If  it 
is  desired  to  keep  the  arm  flexed  the  elbow  is 
covered  by  a  series  of  figure-of-8  turns  while  the 
part  is  in  a  state  of  flexion.  If,  however,  the 
arm  is  to  be  kept  extended,  spiral  and  spiral  re- 
verse turns  are  continued  over  the  elbow  and  up 
the  arm.  The  bandage  is  completed  by  one  or 
two  circular  turns  at  the  level  of  the  axillar>^ 
fold.  Care  should  be  tiaken  in  applying  this 
bandage  that  the  reverses  do  not  press  over 
bony  prominences,  as  the  ridge  of  the  ulna,  also 
that  the  reverses  are  in  accurate  aUgnment. 

Figure-of-8  Bandage  of  the  Hand  and  Wrist 
(Dorsal). — The  initial  extremity  of  the  bandage 
(Fig.  329)  is  fixed  by  one  or  two  circular  turns 
around  the  wrist.  Thence  the  roller  is  carried 
obUquely  across  the  dorsum  of  the  hand  to  the 
base  of  the  index  finger,  where  a  circular  turn 
and  a  half  is  made  around  the  hand  at  the 
metacarpo-phalangeal  articulation.  The  roller 
then  returns  obliquely  to  the  wrist.  After  a  cir- 
cular turn  at  the  wrist  has  been  completed  the 
roller  is  again  carried  obliquely  to  the  base  of 
the  index  finger,  and  a  second  circular  turn  is 
made  around  the  hand.  These  turns  are  con- 
tinued, each  overlapping  the  preceding  turn  by 
two-thirds  of  its  width,  until  the  dorsum  of  the 
hand  is  completely  covered.  A  circular  tmn 
at  the  wrist  completes  the  bandage. 

Figure-of-8  Bandage  of  the  Hand  and  Wrist 
{Palmar). — This  is  applied  in  the  same  manner  as  the  dorsal  figure-of-8  of  the 
hand  and  wTist,  except  that  the  oblique  turns  cross  the  palm  instead  of  the 
dorsum  of  the  hand. 

Demi-gauntlet  Dorsal  Bandage. — The  initial  extremity  of  the  bandage  (Fig. 
330)  is  fixed  at  the  wrist  by  one  or  two  circular  turns.  The  roller  is  carried 
obUquely  across  the  back  of  the  hand  to  the  base  of  the  thumb,  which  is  sur- 
rounded by  a  circular  turn,  and  the  roUer  is  returned  to  the  \\Tist.  Here  a  cir- 
cular turn  is  made,  and  the  roller  is  carried  obliquely  across  the  back  of  the  hand 
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Fig.  328. — Reversed  Spiral   Bandage 
of  the  Upper  Elxtremity. 
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to  the  base  of  the  index  finger,  there  making  a  circular  turn  and  again  returning 
to  the  wrist.     This  is  continued  until  the  base  of  each  finger  has  in  due  order 


Fig.  329. — Figure-of-8  Bandage  of  the  Hand   and  Wrist    (Dorsal).      In    the   drawing    the   turns 
of  the  bandage  sliould  have  been  carried  farther  down  on  the  fingers. 

been  surrounded  by  a  circular  turn.     The  bandage  is  completed  by  a  few  figure- 
of-8  turns  of  the  hand  and  wrist. 

Demi-gauntlet  Palmar  Bandage. — This  bandage  is  applied  in  the  same  man- 
ner as  the  dorsal  demi-gauntlet  bandage,  except  that  the  oblique  turns  from 
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Fig.  330.— Demi-Gauntlet. 


Fig.  331.— Gauntlet. 
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the  wrist  to  the  bases  of  the  fingers  pass  over  the  palmar  instead  of  the  dorsal 
surfaces. 

Gauntlet  Bandage. — The  initial  extremity  of  the  bandage  (Fig.  331)  is  fixed 
by  means  of  one  or  two  circular  turns  at  the  wrist.  The  roller  is  then  carried  by 
an  oblique  turn  to  the  tip  of  the  thumb,  and  the  thumb  covered  by  spiral  or  spiral 
reverse  turns.  Upon  the  completion  of  these  turns  the  roller  is  carried  back  to 
the  wrist,  a  circular  turn  made  there,  thence  to  the  index  finger,  which  is  bandaged 
in  the  same  manner  as  the  thumb.  In  like  manner  the  remaining  fingers  are 
covered.     The  bandage  is  completed  by  a  few^  circular  turns  at  the  wTist,  or 


Fig.  332. — Spica  Bandage  of  Thumb. 


additional  figure-of-8  turns  may  be  passed  around  the  hand  and  wTist  for  fur- 
ther security. 

Spica  Bandage  of  the  Thumb. — The  initial  extremity  of  the  bandage  (Fig.  332) 
is  fixed  by  one  or  two  circular  turns  around  the  wTist.  The  roller  is  then  carried 
over  the  dorsal  aspect  of  the  tip  of  the  thumb  and  there  a  circular  turn  is  made. 
The  roller  returns  to  the  wrist  and  a  circular  turn  is  made  around  the  wrist. 
Thence  the  roller  is  again  carried  obliquely  across  the  dorsal  aspect  of  the  thumb. 
A  second  circular  turn  is  made  around  the  thumb,  this  last  overlapping  the 
first  turn  by  two-thirds  of  its  width.  This  procedure  is  continued  until  the 
thumb  is  covered,  a  turn  around  the  wTist  completing  the  bandage.  A  few 
recurrent  turns  may  be  first  placed  over  the  tip  of  the  thumb  if  it  is  desired  to 
include  this  in  the  bandage. 

Spiral  Bandage  of  the  Finger. — The  initial  extremity  of  the  bandage  (Fig.  333) 
is  fixed  by  two  or  three  turns  around  the  middle  phalangeal  joint.  The  bandage 
is  then  carried  in  a  spiral  manner  to  the  base  of  the  finger,  each  turn  covering 
in  one-half  of  the  preceding  turn.  A  circular  turn  is  made  at  the  base  of  the 
finger  and  the  bandage  is  carried  by  means  of  spiral  turns  to  its  starting-point  at 
the  middle  phalangeal  joint.  From  the  posterior  surface  of  this  joint  a  recurrent 
turn  is  now  passed  directly  over  the  tip  of  the  finger  to  the  anterior  surface  of 
the  joint,  the  fingers  of  the  operator's  left  hand  holding  this  turn  taut  while  a 
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Fio.  333. — Spiral  Bandage  of  the  Finger, 
First  Method.  The  extension  to  the  wrist  is 
omitted. 


second  recurrent  turn  is  passed  back  over 
the  inner  half  of  the  finger  tip  to  the 
starting-point  of  the  first  recurrent  turn. 
This  is  also  held  in  place  and  a  third  and 
final  recurrent  turn  is  passed  over  the 
outer  half  of  the  finger  tip.  A  circular 
turn  secures  the  ends  of  these  three  recur- 
rent turns.  The  bandage  is  then  carried 
to  the  distal  end  of  the  finger  by  means  of 
spiral  turns.  At  the  extremity  a  circular 
turn  is  taken  that  secures  the  recurrent 
turns  which  extend  on  either  side  of  the 
finger  tip.  Finally,  by  means  of  spiral 
turns  the  base  of  the  finger  is  reached 
and  the  bandage  is  fastened  there  by 
splitting  it  longitudinally  for  a  distance 
of  six  or  eight  inches,  then  knotting  it 
just  bej'ond  the  split  to  prevent  further 
splitting,    and    tying    the  ends  directly 

around  the  base  of  the  finger;  or  the  bandage  may  be  split  for  a  distance  of  ten 

or  twelve  inches,  the  long  ends  being 

knotted  and  carried  around  the  wrist 

once  or  twice  and  then  tied  securely. 

The  last  method  effectually  prevents 

the   loosening    or    falling    off    of   the 

bandage. 

A  Second  Method  of  applying  the 

spiral  bandage  to  the  finger  is  to  fix 

the   initial  extremity  of  the  bandage 

by  taking  two  or  three  turns  around 

the  base  of  the  finger.  (Fig.  334.)  From 

the  posterior  aspect  of  the  base  of  the 

finger  the  bandage  is  passed  directly 

over  the  finger  tip  to  the  anterior  aspect 

of  the  base  of  the  finger.  The  second  and 

third  recurrent  turns  are  passed  in  like 

manner  over  the  inner  and  outer  half  of 

the  finger  tip.    A  circular  turn  at  the 

distal  extremity  holds  these  in  place,  fol- 
lowing which  a  scries  of  spiral  turns  de- 
scend to  the  base  of  the  finger  where  the 

Fig.  334. — Spiral  liandage  of  Finger,  Second 

bandage  is  completed  by  a  circular  turn.  Metiiod. 
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Fig.  335. — Anterior  Figure  of-8  Bandage  of  the  Chest. 


A  Simpler  Method  may  be  used  where  it  is  not  desired  to  cover  in  the  finger 

tip.     The  initial  extremity  of  the  roller  is  secured  by  two  or  three  circular  turns 

around  the  base  of  the  finger, 
the  finger  is  then  ascended  to 
its  tip  by  spiral  turns,  a  circu- 
lar turn  is  made  at  the  tip, 
and  by  means  of  spiral  turns 
the  base  of  the  finger  is  again 
reached,  where  a  circular  turn 
completes  the  bandage. 

Reversed  Spiral  Bandage  of 
the  Finger. — This  bandage  is 
applied  in  the  same  manner 
as  any  of  the  spiral  bandages 
just  described,  with  the  ex- 
ception that  reverse  spiral  turns  are  used  in  place  of  spiral  turns. 

Anterior  Figiire-of-S  Bandage  of  the  Chest. — The  initial  extremity  of  the 

roller  (Tig.  335)  is  fixed  by  means  of  the 

index  finger  of  the  left  hand  over  the 

middle  third   of  the  sternum.      The 

roller  is  then  carried  over  one  shoulder 

to  its  posterior  aspect,  under  the  axilla 

of  the  same  side  to  the  anterior  aspect 

of  the  shoulder,  diagonally  across  the 

chest  to  the  posterior  aspect  of  the 

other  shoulder,  under  the  axilla  to  the 

anterior  aspect  of  the  chest,  and  diag- 
onally across    to    the   starting-point, 

thus  forming  a  cross  over  the  sternum. 

These  turns  are  repeated  a  number  of 

times.     The  bandage  may  be  nwdified 

by  first  making  a  few  circular  turns 

around  the  chest  at  the  level  of  the 

axillary  fold  or  by  alternating  these 

circular    turns     with    the   figure-of-8 

turns.     The  turns   may  be  placed  in 

such  a  manner  that  each  shall  exactly 

cover  in  the  preceding  one,   or  each 

turn  may  overlap  the  preceding  one 

by  two-thirds  of  its  width.     The  bandage  is  fastened  by  pinning  through  the 

intersections  over  the  sternum. 

Posterior  Figure-of-8  Bandage  of  the  Chest. — The  initial   extremity   of  the 


Fig.  33G. — Posterior  Figure-of-8  Bandage  of  the 
Chest. 
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roller  (Fig.  336)  is  fixed  between  the  scapulae  at  the  level  of  the  axilla  and  the 
roller  is  carried  over  one  shoulder  to  its  anterior  aspect,  under  the  axilla  on  that 
side  to  the  posterior  aspect  of  the  shoulder,  and  thence  back  to  the  starting- 
point.  In  a  similar  manner  the  roller  is  carried  around  the  other  shoulder.  These 
turns  alternate  first  around  one  shoulder,  then  around  the  other,  until  the  band- 
age is  finished.     The  point  of  intersection  between  the  scapulae  is  pinned. 

Spiral  Bandage  of  the  Chest. — The  initial  extremity  of  the  roller  (Fig.  337) 
is  fixed  by  means  of  one  or  two  circular  turns  around  the  chest  at  the  level  of  the 

xiphoid  cartilage.  The  roller  then 
gradually  ascends  the  chest  by 
means  of  spiral  turns,  each  turn 
covering  in  two-thirds  of  the  pre- 
ceding turn  until  the  level  of  the 
axillary  fold  is  reached.  Here  one 
or  two  circular  turns  complete 
the  bandage. 

A  Second  Method  of  Completing 
the  Bandage  is  to  make  one  circular 
turn  at  the  level  of  the  axillary  fold, 
pass  under  the  axilla  to  the  posterior 
aspect  of  the  chest,  thence  obliquely 
to  the  opposite  shoulder,  over  this 
to  the  anterior  aspect  of  the  chest, 
and  diagonally  down  over  the  turns 
of  the  bandage  to  the  xiphoid  carti- 
lage, where  the  bandage  ends  and 
is  pinned.  Pins  are  inserted  to 
fasten  this  last  oblique  strip  to  each 
spiral  turn  of  the  bandage. 

.  Single  Breast  Bandage. — The  roll- 
er (Fig.  338)  is  started  from  the 
scapula  of  the  affected  side,  is  car- 
ried over  the  shoulder  of  the  opposite  side  to  the  anterior  chest  wall,  and  thence 
under  the  affected  breast  and  obliquely  along  the  lateral  and  posterior  chest 
wall  to  its  starting-point.  This  turn  is  repeated  in  order  to  secure  the  initial 
extremity.  Again,  starting  from  the  point  of  the  initial  extremity  over  the 
scapula  of  the  affected  side,  the  roller  is  carried  completely  around  the  chest 
just  under  the  affected  breast.  These  turns  are  alternated,  each  turn  covering 
in  its  corresponding  preceding  turn  by  two-thirds  of  its  width,  and  thus  gradu- 
a,lly  ascending  and  covering  in  the  breast  completely.  Care  should  be  taken 
that  the  affected  breast  is  compressed  equally  and  that  the  other  breast  is  not 
pressed  upon. 


Fig.  337. — Spiral  Bandage  of  the  Chest.     Additional 
shoulder  straps  are  drawn  on  in  dotted  lines. 
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Double  Breast  Bandage. — The  first  turn  of  this  bandage  (Fig.  339)  is  the  same 
as  that  of  the  single  breast  bandage.  The  second  turn  is  a  circular  one  around  the 
chest  just  below  the  breasts.    The  third  turn  begins  at  the  ix)int  of  the  initial 


Fig.  338. — Single  Breast  Bandage. 


extremity,  and  the  roller  is  carried  around  the  chest  wall  to  the  under  surface  of 
the  second  breast ;  then  it  passes  obliquely  up  over  the  anterior  chest  wall  and 
over  the  shoulder  opposite  the  breast  thus  supported,  thence  over  the  posterior 


Fig.  339. — Double  Breast  Bandage. 


chest  wall  to  the  starting-point.  Turn  number  two  is  now  repeated,  then  turn 
number  one,  then  turn  number  three.  These  turns  are  repeated  in  this  order, 
each  turn  covering  in  by  two-thirds  of  its  width  the  corresponding  preceding 
turn,  and  in  this  manner  both  breasts  are  securely  and  neatly  covered. 
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Ascending  Single  Spica  Bandage  of  the  Groin. — The  initial  extremity  of  the 
roller  (Fig.  340)  is  fixed  by  means  of  one  or  two  circular  turns  around  the  body 
just  above  the  level  of  the  iliac  crest.  If  the  right  groin  is  the  one  to  be  bandaged 
the  roller  should  run  anteriorly  from  left  to  right,  and  vice  versa.  The  roller 
is  carried  from  the  summit  of  the  iliac  crest  opposite  the  groin  to  be  bandaged, 
obliquely  across  the  anterior  surface  of  the  abdomen  to  the  outer  side  of  the  thigh 
of  the  affected  side  at  the  junction  of  its  middle  and  upper  thirds.  A  circular 
turn  and  a  half  is  made  around  the  thigh  at  this  point,  the  roller  emerging  on  the 
inner  side  of  the  thigh  and  crossing  the  first  oblique  part  as  low  down  as  possible 
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Fig.  340.  Fig.  341. 

Fig.  340. — Single  Spica  Bandage  (Ascending)  of  Groin. 
Fig.  341. — Descending  Spica  Bandage  of  the  Groin. 

in  the  middle  line  of  the  thigh;  thence  it  passes  over  the  groin  to  the  lateral  as- 
pect of  the  iliac  bone  on  the  same  side,  and  over  this  in  a  slightly  oblique  direction 
to  a  point  above  the  iliac  crest.  A  circular  turn  is  now  made  around  the  body 
just  above  the  iliac  crest,  as  in  the  first  turn  which  secured  the  initial  extremity. 
The  spica  turns  and  the  circular  turns  around  the  thigh  are  alternated  with  the 
circular  turns  around  the  body,  the  two  former  ascending  by  one-third  of  the 
width  of  the  bandage.  In  this  manner  the  upper  third  of  the  thigh  and  all  of  the 
groin  are  completely  covered  in.  Either  the  circular  turn  around  the  body  or 
that  around  the  thigh,  or  both,  ma>  be  omitted.  The  spica  turns  should  cross 
each  other  exactly  m  the  middle  line  of  the  thigh  and  groin.  If,  in  bandaging 
the  right  thigh,  the  bandage  is  started  around  the  body  from  right  to  left,  instead 
of  from  left  to  right,  the  roller  will  then  of  course  be  carried  obliquely  across  the 
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groin  from  the  lateral  surface  of  the  iliac  crest  of  the  affected  side  to  the  in- 
ternal aspect  of  the  thigh  at  the  junction  of  its  middle  and  upper  thirds, 
where  a  circular  turn  and  a  half  is  made.  The  roller  emerging  on  the  outer  side 
of  the  thigh  is  carried  obliquely  across  the  anterior  surface  of  the  thigh,  crossing 
the  first  oblique  part  of  the  spica  turn  in  the  middle  line  of  the  thigh  as  low  down 
as  possible,  and  is  carried  obliqueh'  across  the  anterior  surface  of  the  abdomen 
to  above  the  iliac  crest  of  the  opposite  side  and  thence  circularly  around  the 
body  to  its  starting-point.  If,  in  bandaging  the  left  groin,  the  roller  is  started 
from  the  left  to  the  right,  the  above  description  also  holds  good  for  that  side. 


Fig.  342.  Fig.  343. 

Fig.  342. — Ascending  Spica  Bandage  of  Both  Groins. 
Fig.  343. — Descending  Spica  Bandage  of  Both  Groins. 

Descending  Single  Spica  Bandage  of  the  Groin.— The  descending  spica  of  the 
groin  (Fig.  341)  is  applied  in  the  same  manner  as  the  ascending,  and  consequently 
the  same  description  holds  good  for  both,  with  the  exception  that,  whereas  in  the 
case  of  the  ascending  spica  the  first  turn  is  placed  at  the  junction  of  the  middle 
with  the  upper  third  of  the  thigh,  and  the  subsequent  spica  turns  ascend  from 
that  point  by  one-third  of  their  width,  in  the  case  of  the  descending  spica  the 
first  turn  is  placed  as  high  in  the  groin  as  possible  and  the  subsequent  spica  turns 
descend  by  one-third  of  their  width  until  the  junction  of  the  middle  with  the  upper 
third  of  the  thigh  is  reached. 

Ascending  Spica  Bandage  of  Both  Groins.— The  initial  extremity  of  the  band- 
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age  (Fig.  342)  is  fixed  by  means  of  one  or  two  circular  turns  around  the  body  just 
above  the  level  of  the  iliac  crests.  The  roller  runs  from  left  to  right,  or  from 
right  to  left,  according  to  the  thigh  which  is  to  receive  the  first  spica  turn.  Start- 
ing from  the  iliac  crest  of  one  side  the  roller  is  carried  obUquely  across  the  anterior 
surface  of  the  abdomen  and  groin  to  the  external  surface  of  the  opposite  thigh  at 
the  junction  of  its  middle  and  upper  thirds.  Here  a  circular  turn  and  a  half  is 
made,  the  roller  emerging  from  the  inner  side  of  the  thigh  and  passing  obliquely 
across  the  first  part  of  the  spica  in  the  middle  line  of  the  thigh  as  low  down  as 
possible,  then  obliquely  ascending  to  the  lateral  surface  of  the  iliac  bone  of  the 
same  side,  thence  obUquely  around  the  body  posteriorly  to  the  opposite  iliac  crest. 
A  circular  turn  is  made  around  the  body  and  the  bandage  is  carried  only  to  the 


Fig.  344. — Figure-of-S  Knee  Bandage. 


iliac  crest  opposite  the  groin  yet  to  be  bandaged.  The  roller  is  then  carried  ob- 
liquely across  the  back  to  the  lateral  aspect  of  the  iliac  bone  of  the  opposite 
side,  and  thence  obliquely  over  the  anterior  surface  of  the  groin  of  that  side  to  the 
anterior  surface  of  the  thigh  at  the  junction  of  its  middle  and  upper  thirds,  where 
a  circular  turn  and  a  half  is  made.  The  roller  then  emerges  on  the  external  sur- 
face of  the  thigh  and  ascends  obliquely  over  the  anterior  surface  of  the  groin, 
crossing  the  first  oblique  part  of  the  spica  turn  in  the  middle  line  of  the  thigh. 
Thence  the  roller  is  carried  obliquely  over  the  anterior  surface  of  the  abdomen 
to  the  opposite  iliac  crest,  where  a  circular  turn  is  made  around  the  body.  These 
turns  are  repeated  in  the  following  order :  first,  a  circular  turn  around  the  body ; 
then  a  spica  turn  around  one  groin,  the  bandage  emerging  from  the  inner  side 
of  the  thigh  after  surrounding  it;  then  a  circular  turn  around  the  body,  and  a 
spica  turn  around  the  other  thigh,  the  bandage  emerging  from  the  outer  side  of 
the  thigh  after  surrounding  it  by  a  circular  turn ;  then,  finally,  a  circular  turn 
around  the  body,  until  both  groins  and  the  upper  third  of  both  thighs  are  com- 
pletely covered  in.  The  circular  turns  about  the  body  accurately  overlie  each 
other,  and  the  circular  turns  about  the  thighs  ascend  by  one-third  of  their  width. 
Either  the  circular  turns  around  the  body  or  the  circular  turns  around  the  thighs 
or  both  may  be  omitted. 

Descending  Spica  Bandage  of  Both  Groins. — The  descending  spica  of  both 
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groins  (Fig.  343)  is  applied  in  the  same  manner  as  the  ascending  spiea,  with  the 
exception  that  the  oblique  turns  in  the  descending  spica  begin  to  cross  high  up  in 
the  groin  and  descend  to  the  junction  of  the  middle  with  the  upper  third  of  the 
thigh. 

Fiffiire-of-S  Bandage  of  the  Knee. — The  initial  extremity  of  the  bandage 
(Fig.  344)  is  fixed  by  means  of  one  or  more  circular  turns  around  the  thigh  a 
short  distance  above  the  knee  joint. 
The  roller  is  carried  obliquely  across 
the  popliteal  space  to  the  inner  sur- 
face of  the  leg  and  surrounds  the  leg 
by  a  circular  turn  about  three  inches 
below  the  knee  joint.  The  roller  is 
then  passed  obliquely  upward  across 
the  popliteal  space,  crossing  the  first 
oblique  turn  in  the  middle  Une  to 
the  inner  surface  of  the  thigh,  where 
a  circular  turn  is  made  which  over- 
laps the  preceding  circular  turn  at 
this  point  by  two-thirds  of  the  width 
of  the  bandage  and  approaches  the 
knee  joint  by  one-third  of  its  width., 
The  popliteal  space  is  again  crossed 
to  the  circular  turn  below,  and  here 
is  made  another  circular  turn  which 
ascends  toward  the  knee  joint  by 
one-third  of  the  width  of  the  band- 
age. These  turns  are  continued  first 
above  and  then  below  the  knee,  the 
upper  ones  gradually  descending  and 
the  lower  ones  gradually  ascending 
until  the  knee  is  entirely  and  securely 
covered. 

Figure-of-8  Bandage  of  Both  Knees. 
— The  patient's  knees  are  placed 
closely  together,  being  separated  only 
by  a  layer  of  non-absorbent  cotton  or 
some  soft  material  to  protect  the  opposing  bony  prominences  from  pressure.  The 
initial  extremity  of  the  bandage  is  fixed  by  means  of  one  or  two  circular  turns 
which  include  both  thighs  at  a  short  distance  from  the  knee  joints.  The  roller  is 
carried  obliquely  across  both  popliteal  spaces  to  a  point  about  three  inches  below 
the  knees,  where  a  circular  turn  is  made  around  both  legs.  The  popliteal  space 
is  again  obliquely  crossed  by  the  roller  and  a  circular  turn  is  made  around  both 


Fig.  345. — Reversed  Spiral  Bandage  of  the  Leg. 
(In  the  drawing  the  turns  of  the  bandage  should 
have  been  carried  farther  down  on  the  toes.) 
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the  thighs,  this  turn  overlapping  the  previous  turn  by  two-thirds  and  descending 
toward  the  knees  by  one-third  of  the  width  of  the  bandage.  Again,  the  popHteal 
spaces  are  crossed  to  the  turn  below  the  knees  and  a  second  circular  turn  is  made 
there,  this  turn  overlapping  the  previous  one  by  two-thirds  and  ascending  toward 

the  knees  by  one-third  of  its  width. 
These  circular  turns  are  repeated, 
first  one  above  and  then  one  below 
the  knees,  until  the  parts  are  com- 
pletely covered.  Finally,  to  com- 
plete the  bandage,  the  roller  is  passed 
from  the  posterior  surface  between 
the  thighs  to  the  anterior  surface  of 
the  bandage,  over  this  to  between 
the  legs,  and  so  posteriorly  to  emerge 
between  the  thighs,  and  is  fastened 
on  the  anterior  surface. 

Reversed  Spiral  Bandage  of  the 
Lower  Extremity. — One  of  the  foot 
bandages  is  first  applied.  Instead 
of  ending  the  foot  bandage  at  the 
ankle,  the  roller  (Fig.  345)  is  car- 
ried up  the  leg  by  means  of  spiral 
or  spiral  reversed  turns,  according 
to  the  conformation  of  the  part,  until 
the  knee  is  reached ;  here  the  band- 
age may  be  ended  with  a  few  circular 
turns,  or,  with  the  leg  in  the  extend- 
ed position,  it  may  be  continued  on 
up  the  thigh  to  the  groin,  and  either  end  there  or  a  spica  of  the  groin  be  added 
for  additional  security.  If  it  is  desired  to  allow  the  patient's  knee  to  remain  in 
a  flexed  position,  the  figure-of-8  bandage  of  the  knee  may  take  the  place  of  the 
spiral  or  spiral  reversed  turns  in  that  region. 

Short  Figure-of-8  Bandage  of  the  Leg. — If  the  leg  is  fairly  well  nourished 
this  is  the  best  bandage  to  use.  (Fig.  346.)  First  apply  one  of  the  foot  bandages, 
then  ascend  the  leg  by  means  of  spiral  or  spiral  reversed  turns  until  the  lower  part 
of  the  calf  is  reached;  here  the  figure-of-8  turns  begin.  The  bandage  is 
carried  obliquely  upward  and  around  to  the  median  line  posteriorly,  whence  it  is 
carried  obliquely  downward  and  around  to  the  front  of  the  leg,  crossing  the 
starting-point  as  near  the  median  line  as  is  permissible  without  bringing  too 
much  pressure  over  the  long  ridge  of  the  tibia.  These  figure-of-8  turns  are 
repeated,  gradually  ascending  the  leg  until  the  calf  is  covered.  The  bandage 
is  completed  by  one  or  more  circular  turns  around  the  leg  just  below  the  knee. 


Fig.  346. — Short  Figure-of-8  Bandage  of  the  Leg. 
(In  the  drawing  the  turns  of  the  bandage  should 
have  extended  farther  down  on  the  toes.) 
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Lo?ig  Fignre-of-S  Bandage  of  the  Leg.—T\iQ  initial  extremity  of  the  band- 
age (Fig.  347)  is  fixed  by  one  or  two  circular  turns  around  the  ankle,  and  some 
form  of  foot  bandage  is  then  applied.  When  it  again  reaches  the  ankle  the  roller 
is  carried  so  as  to  conform  evenly  to  the  parts  by  an  oblique  turn,  but,  when  the 
knee  is  reached,  a  circular  turn  is 
made  and  an  oblique  turn  is  carried 
in  a  dowTiward  direction  until  the 
first  circular  turn  at  the  ankle  is 
reached.  An  ascending  spiral  turn 
is  made  at  the  knee  and  an  oblique 
turn  in  the  downward  direction  is 
repeated.  These  turns  are  repeat- 
ed, each  evenly  applied  according 
to  the  conformation  of  the  limb, 
until  the  entire  leg  is  securely  band- 
aged. This  bandage  is  one  of  the 
easiest  of  the  leg  bandages  to  apply 
and  affords  even  pressure, 

Figiire-ofS  Bandage  of  the  Foot 
and  Ankle. — The  initial  extremity 
of  the  bandage  is  fixed  by  a  circular 
turn  or  two  just  above  the  malleoli. 
The  roller  is  carried  obliquely  across 
the  instep  to  the  base  of  the  toes, 
where  a  circular  turn  is  made  and 
the  roller  is  returned  to  a  point 
above  the  outer  malleolus.  A  circu- 
lar turn  overlying  the  first  circular 
turn  is  then  made.  These  turns  are 
continued,  one  above  and  one  be- 
low the  ankle,  those  above  gradu- 
ally descending    and   those    below 

gradually  ascending  until  the  instep  and  ankle  are  covered 
completed  by  a  circular  turn  around  the  ankle. 

Spiral  Bandage  of  the  Foot. — The  initial  extremity  is  fixed  by  the  finger  tips 
placed  above  the  inner  malleolus.  The  roller  is  carried  around  the  ankle  an- 
teriorly; it  crosses  the  initial  extremity  and  thus  fixes  it.  The  roller  now 
crosses  the  instep  to  the  base  of  the  toes,  where  a  circular  turn  is  made. 
Spiral  turns,  ascending  the  foot  and  instep,  are  next  made  as  far  as  the  conforma- 
tion of  the  parts  permits.  The  roller  is  then  carried  to  the  ankle,  a  few  circular 
turns  are  made,  and  the  terminal  extremity  is  fastened. 

Spiral  Reversed  Bandage  of  the  Foot. — The  mode  of  application  is  the  same  as 


Fig.  347. — Long  Figiire-of-8  Bandage  of  the  L^. 
(The  artist  has  not  carried  the  bandage  far  enough 
down  over  the  toes.) 


The  bandage  is 
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that  of  the  spiral  bandage,  except  that  spiral  reversed  turns  are  employed  in  place 
of  spiral  turns. 

S'pica  Bandage  of  the  Foot.  (Fig.  348.) — The  initial  extremity  is  fixed  by  a 
circular  turn  or  two  above  the  malleoli,  and  the  roller  is  carried  obliquely  across 

the  instep  to  the  base  of  the  toes,  where  a  cir- 
cular turn  is  made.  The  roller  is  carried 
obliquely  across  the  instep  to  the  lateral  aspect 
of  the  foot,  along  the  lateral  aspect  to  the  pos- 
terior surface  of  the  heel  well  down,  thence 
along  the  lateral  aspect  of  the  foot  obliquely 
across  the  instep;  it  crosses  the  instep  and 
turns  obliquely  in  the  median  line  to  the  other 
side  of  the  foot.  This  completes  the  first  spica 
turn.  These  spica  turns  are  repeated,  each 
one  ascending  the  foot  by  one-third  of  the 
width  of  the  bandage  until  the  foot  and  ankle 
are  covered  in.  The  bandage  is  completed  by 
a  few  circular  turns  above  the  malleoli.  It 
may  be  desirable  to  apply  a  few  spiral  or  si)iral 
reversed  turns  around  the  instep  before  begin- 
ning the  spica  turns,  in  order  to  make  the 
bandage  look  neater.  The  intersection  of  the 
spica  turns  should  always  be  in  the  median  line. 
Serpentine  Bandage  of  the  Foot. — The  initial 
extremity  of  the  bandage  (Fig.  349)  is  fixed 
by  means  of  a  circular  turn  or  two  above  the 
malleoh.  The  roller  is  carried  obliquely  across 
the  instep  to  the  base  of  the  toes,  where  a  circular  turn  and  a  half  is  made, 
bringing  the  roller  to  the  middle  line  anteriorly.  The  roller  is  carried  oblique- 
ly to  the  outer  edge  of  the  sole,  then  under  the  hollow  arch  of  the  foot  to 
the  internal  lateral  aspect  of  the  heel,  well  down,  thence  obliquely  up  over 
the  posterior  aspect  of  the  heel  to  the  external  malleolus,  and  obliquely  to 
a  point  above  the  malleoli,  where  a  circular  turn  is  made.  This  forms  turn 
number  one.  The  roller  is  now  carried  obliquely  across  the  instep  to  the  base 
of  the  toes,  the  roller  naturally  going  to  the  internal  aspect  of  the  base  of 
the  toes,  whereas  in  turn  number  one  it  came  to  the  external  aspect.  A  cir- 
cular turn  and  a  half  is  made  around  the  base  of  the  toes.  Thence  the  roller 
is  carried  obliquely  over  the  instep  to  the  internal  edge  of  the  sole  of  the  foot, 
then  onward  beneath  the  hollow  arch  of  the  foot  obliquely  to  the  external  lateral 
aspect  of  the  heel,  well  down,  thence  obliquely  up  over  the  posterior  aspect  of  the 
heel  to  the  internal  malleolus,  and  obliquely  to  a  point  above  the  malleoli,  where  a 
circular  turn  is  made.    This  forms  turn  number  two.    (Fig.  350.)    Turn  number 


Fig.  348.  —  Spica  Bandage  of  the 
Foot.  (The  turns  of  the  bandage  should 
have  been  carried  down  lower  over  the 
toes.) 
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Fig.  349. — Serpentine  Bandage  of  the  loot, 
First  Turn. 


three  is  a  circular  turn  around  the  instep  and  point  of  the  heel,  the  edges  of  which 

are  held  and  covered  in  by  a  repetition  of  turns  number  one  and  two,  thus  com- 
pletely covering    in  the    heel.      Turns 

number  one,  two,  and  three  are  repeated 

until  the  parts  are  sufficiently  covered. 

If  it  is  not  desired  to  cover  in  the  heel, 

the  circular  turn  number  three  may  be 

omitted.    This  forms  the  most  efl&cient 

foot  bandage. 

Recurrent  Bandage  of  the  Foot. — Any 

of  the  usual  foot  bandages  may  have 

included  recurrent  turns  for  the  purpose 

of  covering  the  toes.     Combinations  of 

spiral,  spiral  reversed,  spica,  figure-of-8, 

recurrent,  and  serpentine  bandages  of 

the  foot  may  be  used  as  indications  arise 

in  individual  cases.     It  may  sometimes 

be  necessary  to  carry  spiral  or  spiral  re- 
versed tiu-ns  above  the  ankle. 

Spica    Bandage  of    the    Great    Toe. 

(Fig.  351.) — This  is  applied  in  a  man- 
ner similar  to  that  emploj'etl  in  applying  a  spica  of  the 
thumb.  The  initial  extremity  is  fastened  by  one  or 
two  circular  turns  above  the  malleoli.  The  bandage 
then  crosses  the  instep  obliquely  from  above  the  inter- 
nal malleolus  to  the  outer  side  of  the  great  toe.  A  cir- 
cular turn  is  made  around  the  great  toe,  as  near  the 
tip  as  possible,  and  the  roller  is  carried  from  the  inner 
side  of  the  toe  obliquely  across  the  instep ;  it  crosses 
the  first  obUque  part  of  the  spica  as  near  the  tip  of  the 
toe  as  possible  and  passes  thence  above  to  the  exter- 
nal malleolus.  Here  a  circular  turn  is  made.  If  de- 
sired, the  tip  of  the  toe  may  be  covered  in  by  a  few 
recurrent  turns.  The  spica  turns  are  repeated;  they 
ascend  toward  the  base  of  the  toe  each  time  by  one- 
third  of  the  width  of  the  bandage,  until  the  toe  is  com- 
pletely covered.  The  circular  turns  around  the  toe 
may  be  omitted. 

Serpentine  Bandage  of  the  Great  Toe. — The  initial  ex- 
tremity of  the  bandage  is  fastened  by  means  of  one  or 
two  circular  turns  above  the  malleoli.     The  roller  is 

then  carried  obliquely  across  the  instep  to  the  outer  edge  of  the  sole,  obliquely 


Fig.  350. — Serpentine  Band 
age  of  the  Foot,   Second  Turn 
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under  the  sole  to  a  point  just  posterior  to  the  thenar  eminence,  then  to  the 
inner  edge  of  the  foot,  and  finally  across  the  anterior  surface  of  the  base  of 
the  toe  to  its  tip.  Here  a  circular  turn  is  made  and  a  few  recurrent  turns  may 
be  added.  From  the  tip  of  the  toe  the  roller  crosses  the  anterior  surface  of  the 
base  of  the  toe,  and  passes  thence,  obliquely  across  the  base  of  the  other  toes, 

to  the  outer  surface  of  the  foot  at  a  point  oppo- 
site the  hypothenar  eminence.  The  roller  passes 
under  the  sole  obliquely,  just  behind  the  thenar  emi- 
nence under  the  arch,  to  emerge  at  the  inner  edge 
of  the  foot,  and  from  this  point  it  passes  obliquely 
across  the  instep  to  a  point  above  the  external 
malleolus.  Here  a  circular  turn  is  made.  These 
serpentine  turns  are  repeated,  each  overlapping  the 
preceding  one  to  a  slight  extent  until  the  toe  is  com- 
pletely covered. 

Compound  Bandages. — Compound  bandages  are 
used  for  the  most  part  to  take  the  place  of  roller 
bandages,  for  use  in  unskilled  hands.  They  are 
usually  made  of  unbleached  muslin  cut  to  conform 
to  the  shape  of  the  part  of  the  body  to  which  they 
are  applied.  They  are  used  in  first-aid  dressing  on 
the  battlefield ;  but  few  of  the  bandages  are  useful 
in  civil  practice,  as  they  afford  neither  the  comfort 
nor  the  security  of  the  well-applied  roller  bandage. 
Of  those  used  in  civil  practice  the  sling  is  the  one 
most  frequently  employed.  For  supporting  the 
forearm,  a  yard  square  of  unbleached  muslin  is  cut 
diagonally,  two  triangular  slings  thus  being  provided;  or  the  yard  square  may 
be  folded  diagonally  on  itself,  thus  forming  a  triangle.  The  apex  of  the  triangle 
is  applied  beneath  the  elbow,  the  portion  of  the  sling  next  the  body  is  carried 
over  the  opposite  shoulder,  the  other  portion  over  the  shoulder  of  the  affected 
side,  and  the  ends  are  fastened  by  knotting  them  at  the  back  of  the  neck. 
Enough  traction  is  used  to  insure  that  the  body  of  the  triangle  affords  equal 
support  to  the  entire  length  of  the  forearm.  The  apex  of  the  triangle  is  se- 
cured to  the  front  of  the  sling.  To  afford  additional  security  the  two  sides  of 
the  sling  may  be  sewed  or  pinned  together  just  above  and  parallel  with  the 
forearm.     (Fig.  352.) 

Another  variety  of  sling  for  the  upper  extremity  is  made  by  using  a  strip  of 
muslin  three  feet  in  length  and  of  sufficient  breadth  to  support  the  forearm. 
A  bandage  or  binder  of  the  chest  is  first  applied,  one  end  of  the  sling  being  pinned 
in  front  to  the  median  liae  of  the  binder  or  bandage.  The  other  end  is  passed 
between  the  body  and  the  arm,  beneath  the  latter,  and  around  it  to  the 


Fig.  351. —  Spica  Bandapje  of 
the  Great  Toe.  (Tn  actual  prac- 
tice the  bandaged  toe  should  lie 
quietly  on  the  same  level  as  its 
neighbor.) 
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starting-point,  where  it  is  pinned  with  enough  traction  to  support  the   arm 
comfortably. 

Sling  for  the  Loicer  Extremity.— A.  long  external,  well-padded  board  splint, 
ten  inches  broad  and  extending  from  the  axilla  to  a  ix)int  below  the  heel,  is 
secured  to  the  chest  and  pelvis  by  a  bandage  of  adhesive  plaster.  A  strip  of 
muslin  broad  enough  to  surround  the  lower  extremity  is  used.  One  edge  of 
the  long  side  is  tacked  to  the  uppermost  edges  of  that  portion  of  the  splint  which 


Fig.  355. — Double  T-Bandage  Applied. 

V  three-inch  roller  is  attached  to  the  ^ 

>pica  of  the  groin  after  the  triangle  is  si 

corresponds  to  the  leg  a^  .qAQ;Vii^'-"^A^  stnp  is  then  passed  under  the  leg  and 

thigh  back  to  the  fii-st  edge  and  there  fastened,  sufficient  tension  being  used  to 

support  the  limb  comfortably. 

T -bandages  are  mostly  used  for  holding  perineal  or  \'ulvar  dressings  in  place. 
(Fig.  353.)  They  may  be  modified  to  secure  dressings  in  other  parts  of  the  body, 
such  as  the  head  and  face. 

The  Single  T -bandage  (Fig.  354)  is  made  by  sewing  a  strip  of  unbleached 
muslin,  three  inches  wide  by  eighteen  inches  long,  to  the  middle  of  another  strip 
four  inches  wide  by  forty  inches  long.     The  edges  should  be  hemmed. 

The  Double  T -bandage  (Fig.  355)  is  made  by  sewing  two  short  strips  to  the 
middle  of  the  long  strip.     The  long  strip  or  body  of  the  bandage  may  be  made 
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wider  according  to  the  part  of  the  body  to  which  it  is  intended  to  apply  it.     The 
two  strips  may  be  fastened  throughout  a  short  distance  to  each  side  of  the 

middle  of  the  body  of  the  bandage. 

Triangular  Bandages  are  modified 
T-bandages.     The  vertical  strip  of  the 
single  T-bandage  is  made  broad  at  the 
base  and  triangular  in  shape,  the  base 
.  i,^:^p.   attached   to  the    body   of   the 
nence  under  the  arch,  to  emer^f^,^   ^f   bandage    is 
of  the  foot,  and  from  this  point,  dressings  in  the  re- 
across  the  instep  to  a  point  aq^jg  35g\   -^^  ^^^    j^_ 
malleolus.     Here  a  circular  tun  j^g  ^nal  region.     In 
serpentine  turns  are  repeated,  eac  g^  ^^  retain  dress- 
preceding  one  to  a  slight  extent  un.j^^^^^^  ^^  ^g^j^^^ 

pletely  covered.  leighborhood,  the 

Comvound  Bandages. -Compom  ^^  ^^.^^  ^^^^^  ^^ 
used  for  the  most  part  to  take  th^^^^^  ^j^^^^  -g  f^g^_ 
bandages,   for  use  in  unskilled  ha-ej^fpoi^^     The 
usually  made  of  unbleached  mushn   ^^.^  ^j^^^^  drawn 
to  the  shape  of  the  part  of  the  body  ^1  over  the  dress- 
are  appHed.     They  are  used  in  first-^f  ^j^gg^j^^omen 
the  battlefield ;  but  few  of  the  band,  ^f  ^^le  bandaee 
in  civil  practice,  as  they  afford  neitl 
nor  the  security  of  the  well-applied 
Of  those  used  in  civil  practice  the 
most    frequently  employed.      For 
forearm,  a  yard  square  of  unbleacb  ^ 

bandage  in  front,   t^g^lar  slings  thus  being  provided;  or  the 
The   Abdominal^^  ^^^^^f'  ^^^^  forming  a  triangle.     The  aj 

Binder  (Fig.  358)  i^P  elbow,  the  portion  of  the  sling  next  ^ 

of  unbleached  musli]"^^^^^-  the  other  portion  over  the  shor 

canton  flannel,  in  several  sizes,  Yrom^t'MP^J^^™ 

eighteen  inches  wide,  by  |,  |,  1,  1^,  IJ,  and  IJ 

yards  long.    The  body   of  the  bandage  sur- 
rounds the  abdomen   and   pelvis,   the  lower 

edge  of  the  body  of  the  bandage  reaching  well 

down  on  the  thighs.     It  is  secured  in  front 

with  safety-pins  and  the  vertical  strips  are 

passed  from  behind  forward  between  the  thighs 

and   fastened  anteriorly  to  the  body  of  the 

bandage,  thus  securing  it  and  preventing  it 

from  slipping  up  upon  the  abdomen.     These  Fig.  354.— T-Bandage  (Single). 


ing  and  are  secured 
When  the  T-ban\ 
ten  or  twelve  inched 
the  chest,  being  fasf  p^ac- 
line  in   front.     Th|"i<^i  i'^ 
brought  from  behiri 
shoulder   and    faste 
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strips  are  called  perineal  straps,  and,  instead  of  being  originally  part  of  the 
bandage,  they  may  be  pinned  in  place  after  the  body  of  the  bandage  has  been 
applied  so  as  to  permit  of  their  easy  removal  should  they  become  soiled.  The 
abdominal  binder  is  made  to  conform  more  snugly  to  the  parts  by  pleating  with 
safety-pins  on  each  side. 

Hernia  Bandage. — This  is  made   by  lengthening  the  body  of  an  ordinary 
triangular  bandage  sufficiently  to  allow  the  body  of  the  bandage  to  encircle 


Fig.  355. — Double  T-Bandage  Applied. 


the  body  twice.  A  three-inch  roller  is  attached  to  the  apex  of  the  triangle, 
and  this  is  used  as  a  spica  of  the  groin  after  the  triangle  isjippjied. 

The  Breast  Binder  (Fig.  359)  should  be  made  of  two  thicknesses  of  unbleached 
muslin  or  of  one  thickness  of  canton  flannel.  It  resembles  an  armless  jacket. 
The  dimensions  are :  length,  one  yard  and  one-fourth;  width,  at  the  back, 
sixteen  inches,  in  front  eleven  inches,  under  the  arms  nine  inches.  The  body 
of  the  bandage  surrounds  the  chest  and  is  secured  by  piiming  in  the  median  line 
in  front.  The  portions  corresponding  to  the  strips  of  the  T-bandage  of  the 
chest  are  fastened  over  each  shoulder  with  safety-pins.  (Fig.  360.)  The  band- 
age is  made  to  fit  snugly  by  taking  pleats  in  the  sides  with  safety-pins.  This 
bandage  is  most  frequently  used,  after  a  radical  operation  for  carcinoma  of  the 
breast,  to  retain  dressings  and  to  afford  support  to  the  opposite  breast. 

Four-tailed  Bandage. — This  is  a  modification  of  the  T-bandage.     It  is  made  by 
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Fig.  356.— Triangle  of  Groin. 


splitting  in  two  and  tearing  longitudin- 
ally a  strip  of  bandage  four  inches  broad 
by  three  feet  long.  Each  end  is  split 
longitudinally  up  to  a  point  within  four 
inches  of  the  middle  of  the  strip.  The 
unsplit  portion  is  the  body  of  the  band- 
age. Such  a  bandage  is  useful  in  retain- 
ing certain  fractures  of  the  jaw  in  posi- 
tion, and  for  dressings  in  the  region  of 
the  chin.  (Fig.  361.)  The  body  of  the 
bandage  is  applied  to  the  symphysis  of 
the  upper  jaw.  The  upper  two  of  the 
four  tails  are  carried  directly  backward 
to  beneath  the  inion  and  are  there  drawn 
taut  and  knotted.  The  lower  two  of 
the  four  tails  are  carried  directly  u})- 
ward  luitil  the  vertex  of  the  skull  is 
reached,  where  they  are  drawn  taut  and 
knotted.  The  four  ends  are  then  tied  tightly  together  and  the  superfluous 
part  of  the  bandage  is  cut  away. 

Retractor  Bandages. — Modifications 
of  the  T-bandages  are  used  for  the 
purpose  of  retracting  the  soft  parts 
in  amputations,  in  order  to  prevent  in- 
jury to  the  soft  parts  while  section  of 
the  bone  is  made.  They  are  two-tailed 
for  amputations  of  the  humerus  or 
femur,  and  three-tailed  for  amputa- 
tions of  the  forearm  or  leg.  They  are 
made  of  several  thicknesses  of  un- 
bleached muslin,  each  tail  measuring 
twenty  inches  long  by  eight  inches 
wide. 

The  Scultetus  (Fig.  362)  is  another 
form  of  many-tailed  bandage.  That 
most  frequently  used  is  similar  to  an 
abdominal  binder,  the  binder  being 
split  into  many  tails  from  each  extrem- 
ity to  a  point  within  four  inches  of 
either  side  of  the  middle  line  of  the 
bandage.  Such  a  bandage  is  useful 
in  retaining  dressings  upon  an  abdom-  Fig.  357.— x-Binder  for  the  chest. 
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inal  wound  and  in  exerting  even  pressure  during  paracentesis  abdominis.  In 
the  latter  ease,  as  the  fluid  is  withdrawn  from  the  abdomen  the  tails  of  the 
bandage  are  drawn  tighter  and  tighter  so  as  to  exert  even  pressure  upon  the 
abdomen.  When  the  scultetus  is  applied  for  retaining  abdominal  dressings 
the  lower  tails  of  the  bandage  are  first  brought  across  the  lower  part  of  the 
abdomen  and  fastened,  then  the  other  tails  are  alternately  brought  into  place, 
first  from  one  side  and  then  from  the  other  side,  from  below  upward.  (Fig.  363.) 
Fixation  Bandages. — Bandages  in  which  are  incorporated  materials  that 
finally  harden  have  been  in  use  since  the  middle  ages.    The  old  Arabic  physicians 


Ftg.  358. — Abdominal  Binder,  Showing  the  Perineal  Straps. 


Albugerig,  Athuriscus,  and  Rhazes  used  bandages  in  which  were  incorporated 
albumen,  gj-psum,  and  chalk.  The  use  of  such  bandages  was  apparently  common 
in  the  Orient  for  centuries.  Larrey,  in  the  course  of  Napoleon's  Eg}'ptian  cam- 
paign, found  the  Egyptians  using  a  hardening  mixture  of  white  of  egg,  cam- 
phor spirits,  and  subacetate  of  lead  in  cases  of  fractures  from  gunshot  injury.  He 
mentions  that  the  Greeks  for  a  long  time  had  used  a  retentive  bandage  made  of  a 
mixture  of  mussel  shells,  chalk,  albumen,  oil,  and  hemp.  These  bandages  were 
removed  by  employing  the  solvent  action  of  a  steam  bath.  In  1798  the  English 
Consul  Eaton,  stationed  at  Bassora,  reported  that  the  native  surgeons  had  been 
successful  in  healing  a  complicated  fracture  of  the  leg  in  a  soldier  by  means  of 
plaster  of  Paris.  This  was  a  case  in  which  the  English  naval  surgeons  were  about 
to  amputate  the  limb.  Froriep  gave  further  publicity  to  these  facts  in  1817,  and 
two  Berlin  surgeons,  Kluge  and  Dieffenbach,  1828,  made  experiments  with  the 
plaster-of-Paris  bandage.  Their  methods  w^re  so  crude  that  the  treatment 
w'as  abandoned.  The  extremity  was  oiled  and  placed  in  a  long  wooden  chest 
which  was  filled  with  a  pulp  of  plaster  of  Paris.  After  the  hardening  had  taken 
place  the  lateral  boards  of  the  box  were  removed.    A  Belgian  surgeon,  Seutin, 
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wrote  on  the  subject  in  1844.     Two  Dutch  surgeons,  Mathysen  and  van  der  Loo, 
in  1848  developed  the  plaster-of-Paris  bandage  as  it  is  used  to-day.     (Hueter.) 
Pirogoff  and  Szymanowski  recommended  the  use  of  plaster-of-Paris  com- 
presses in  place  of  the  bandage— i.e.,  linen  strips  dipped  in  a  paste  of  plaster 


Fig.  359. — Breast  Binder. 


of  Paris.  This  form  has  the  advantage  of  being  cheaper,  especially  if  the  skin  is 
only  oiled  and  not  bandaged  previous  to  the  application  of  the  plaster  com- 
presses. It  has  the  disadvantage,  however,  of  making  a  dressing  that  is  very 
clumsy  and  that  can  be  removed  only  with  difficulty.     Narrow  plaster-of-Paris 


Fig.  360.  —Breast  Binder,  Applied. 


strips,  made  moist,  practically  do  all  that  a  plaster-of-Paris  bandage  does.  These 
folded  several  times  may  be  used  to  strengthen  weak  parts  of  the  applied  plaster- 
of-Paris  bandage,  especially  at  the  joints.  Pasteboard  splints  dipped  into  warm 
water  may  be  adjusted  at  the  weak  places,  or  a  rigid  splint  of  iron  or  iron  wire 
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(Esraarch)  may  be  incorporated.  The  incorporation  of  such  additional  splints  is 
useful  where  it  is  desired  to  make  a  cast  as  light  as  possible.  Beeley  recommends 
that  plaster-of-Paris  splints  be  made  by  dipping  strands  of  hemp  into  plas- 
ter-of-Paris  paste. 

The  Bavarian  splint  exemplifies  one  of  the  older  methods  of  applying  plaster 
of  Paris.  Two  pieces  of  flannel,  canton 
flannel,  or  other  similar  material  are 
cut  to  conform  to  the  part  to  be  en- 
closed and  are  se^n  together  by  a 
double  line  of  stitching  lengthwise  in 
the  middle  line.  The  inner  of  these 
two  pieces  is  applied  to  the  part  and 
thickly  coated  with  plaster-of-Paris 
paste.  The  outer  piece  is  then  drawn 
over  this,  and  the  whole  moulded  to 
the  part.  When  the  plaster  has  set, 
the  dressing  is  cut  down  in  the  middle 
line  anteriorly.  This  allows  of  ready 
removal  and  inspection,  as  the  place 
where  the  two  pieces  of  material  were 
sewn  together  acts  as  a  hinge.  A  much 
neater  method  of  application,  though 
more  tedious,  consists  in  applying  one 
lateral  half  at  a  time,  waiting  for  it 
to  harden,  and  then  turning  the  edge 
of  the  external  outer  half  of  the  ma- 
terial over  the  internal  half.  This  disposes  of  the  necessity  for  cutting  the  cast. 
The  whole  is  held  in  place,  after  hardening,  by  a  roller  bandage. 

Manufacture  of  Plaster-of-Paris  Bandages. — A  perforated  piece  of  tin  one 
inch  wide  and  of  a  length  equal  to  the  width  of  the  bandage  is  shaped  longitudi- 
nally into  a  triangular  cage.  This  serves  the  double  purpose  of  acting  as  a  core 
upon  which  to  wind  the  bandage  and  of  allowing  of  a  rapid  and  through  wetting 
of  the  bandage  when  immersed  in  the  solution  just  prior  to  use.  Plaster-of- 
Paris  bandages  are  rarely  rolled  by  hand  at  the  present  time.  A  machine 
(Fig.  364)  is  used  which  allows  of  an  even  distribution  of  the  plaster.  Wide- 
meshefl  crinoline,  two,  three,  or  four  inches  wide  and  of  the  usual  roller-bandage 
lengths,  forms  the  best  material  for  the  bandages,  as  the  wide  meshes  allow  the 
plaster  to  lie  in  them  and  not  on  the  surface  of  the  bandage  where  it  is  liable 
to  cake  during  application.  The  metal  core  is  placed  on  the  spindle  of  the  band- 
age-rolling machine,  and  the  bandage  is  placed  on  this  and  wound  in  the  usual 
manner,  except  that  it  is  loosely  rolled  and  that  it  passes  through  the  box  con- 
taining the  plaster  of  Paris  and  becomes  impregnated  with  it  as  it  is  being  rolled. 


Fig.  361. — Four-tailed  Bandage  of  the  Jaw. 
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After  rolling,  the  bandage  is  pinned  to  prevent  unrolling,  and  the  core  is  filled 
with  plaster  of  Paris.  Each  bandage  is  placed  in  a  separate  metal  receptacle 
containing  plaster  of  Paris,  or  several  bandages  may  be  placed  in  the  same 
receptacle.  Such  a  box  should  preferably  be  of  metal  and  may  be  made  air- 
tight by  sealing  with  adhesive-plaster  strips.     Plaster  of  Paris  should  be  stored 


I 


Fig.  362. — The  Scultetus  or  Many-tailed  Bandagf  of  the  Abdomen. 

in  a  dry  place.    As  an  additional  safeguard  against  dampness  each  bandage  may 
be  wrapped  in  oil  paper  and  an  elastic  snapped  about  this  to  retain  it. 

Measures  of  Precaution  which  Are  Necessary  While  the  Plaster-oj -Paris  Band- 
age is  Being  Applied. — Before  the  application  the  quality  of  the  plaster  of  Paris 
should  be  inquired  into.     That  commonly  sold  often  contains,  besides  anhydric 


Fig.  363. — Manj'-tailed  Bandage  of  the  Abdomen,  Apphed. 

calcium  sulphate,  so  much  calcium  carbonate  that  it  does  not  harden  to  a  solid 
mass  after  being  mixed  with  water  in  which  calcium  carbonate  is  somewhat 
soluble,  but  crumbles.  Plaster  of  Paris  which  has  been  overheated  is  useless, 
because  it  only  sparingly  takes  up  water.  The  plaster  of  Paris  may  be  too  moist 
and  consequently  is  likely  to  have  lost  its  anhydric  qualities.     The  best  grade 
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of  dental  plaster  should  be  used.  When  it  has  become  moist  it  may  be  dried 
in  a  pan  over  the  fire  before  using.  Less  pure  plaster  may  be  made  to  harden 
better  if  alum  is  added  to  the  water. 

The  precautions  which  have  been  noted  as  necessary  in  the  application  of 
bandages,  in  order  to  prevent  venous  stasis,  gangrene,  and  ischsemic  muscular 
contracture,  must  be  even  more  closely  observed  in  the  case  of  the  plaster-of- 
Paris  bandage,  for  this  does  not  yield  at  all  to  swelling.  As  venous  stasis  increases 
rapidly,  care  must  be  taken  that  each  turn  of  the  bandage  shall  cover  the  ex- 


FiG.  364. — Plaster-of-Paris  Attachment  to  Foot  Machine. 


tremity  without  in  any  way  constricting  it.  In  addition,  the  patient  is  to  be 
very  carefully  watched  during  the  first  two  or  thi-ee  days,  and,  in  case  of  swelling 
of  the  peripheral  portions  of  the  limb,  the  bandage  is  to  be  split  longitudinally. 
If  this  does  not  suffice,  the  bandage  must  be  removed  completely.  This  rule  must 
be  particularly  observed  in  recent  fractures  treated  by  the  primary  use  of  the 
plaster-of-Paris  bandage.  Here  the  swelling  consequent  upon  the  injury  may 
induce  constriction  even  when  the  bandage  has  been  correctly  applied.  This  is 
no  ignis  fatuus.  The  specialist,  as  well  as  the  beginner,  must  give  strict  attention 
to  these  cases,  at  least  during  the  first  forty-eight  hours.  The  patient  should  be 
further  instructed  to  report  any  pain  or  svrelling  at  once.  The  bony  promi- 
nences, such  as  the  malleoli,  the  crest  of  the  tibia,  the  tubercle  of  the  tibia,  the 
patella,  the  trochanter  major,  the  spine  of  the  ilium,  the  head  of  the  ulna,  the 


586 


AMERICAN  PRACTICE  OF  SURGERY. 


olecranon,  the  acromion  process,  and  the  heel,  must  be  particularly  protected 
against  pressure  effects.  When  gauze  or  cotton  is  applied  over  these  prominences 
an  extensive  amount  must  not  be  used,  otherwise  the  adjustment  of  the  plaster- 
of-Paris  bandage  will  be  interfered  with  and  it  would  lose  somewhat  of  its  fixing 
effect.  In  case  pain  is  complained  of  at  one  of  these  prominences  a  fenes- 
tra should  be  cut  in  the  bandage,  but  openings  should  not  be  cut  over  these 
prominences  as  a  precaution,  for  the  edges  of  such  openings  press  upon  the  soft 
parts  and  allow  of  swelling  where  the  supporting  effect  of  the  bandage  is  lost.  In 
case  the  bandage  covers  a  wound  from  which  discharge  is  expected,  a  fenestra 
should  be  cut  over  the  wound;   otherwise  the  bandage  would  rapidly  become 

moistened  and  ruined.  This  is  done  after 
the  hardening  process  is  complete.  The 
edges  of  such  fenestra?  are  packed  care- 
fully with  gauze  and  coated  with  collo- 
dium  to  prevent  the  discharge  injuring 
the  plaster  of  Paris.  In  applying  a  cast 
in  such  a  case,  provision  may  be  made 
for  dressing  the  wound  by  not  covering 
that  part  of  the  limb.  It  is,  however, 
easier  and  neater  to  cut  the  fenestra 
later. 

Application. — The  parts  are  placed  in 
the  exact  position  in  which  it  is  desired 
that  they  remain,  and  this  position  is  re- 
tained during  the  application  of  the  band- 
age and  thereafter  maintained  by  sand 
bags  laid  alongside  the  limb  until  the  plas- 
ter has  thoroughly  hardened.  The  hard- 
ening process  may  be  accelerated  by 
allowing  the  draft  of  air  from  an  electric 
fan  to  blow  upon  the  bandage.  In  the 
absence  of  the  electric  fan  an  ordinary  fan 
may  be  used. 

Everything  which  is  to  be  employed 
in  the  application  of  the  cast  should  be 
at  hand  and  within  convenient  reach,  so 
that  the  cast  may  be  rapidly  applied. 
The  bed  should  be  protected  by  a  piece  of  rubber  sheeting,  and  the  operator's 
clothes  by  an  apron.  The  skin  of  the  part  is  protected  by  coating  it  with  vaseline 
and  covering  it  with  a  layer  of  stockinet  material,  a  cotton  stocking,  or  a  flannel 
roller  bandage  may  be  applied.  As  before  noted,  particular  attention  is  paid 
to  the  protection  of  the  bony  prominences.     Here  pads  of  cotton  are  placed. 


Fig.  365. — Flannel  Roller  and  Adhesive- 
Plaster  Strip  in  Place  on  Leg,  Ready  for  the 
Application  of  Plaster  of  Paris. 
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These  may  be  held  in  place  by  strips  of  adhesive  plaster  or  by  turns  of  the  flan- 
nel bandage.  Bandages  made  of  thin  French  cotton  batting  are  preferable  to 
flannel  as  a  protecting  bandage.  On  the  line  at  which  it  is  desired  finally  to  cut 
down  the  cast,  is  placed  a  strip  of  adhesive  plaster.     (Fig.  365.) 

A  sufficient  number  of  plaster-of-Paris  bandages  to  form  the  cast  are  placed 
near  a  basin  of  hot  water.  The  water  in  the  basin  should  be  of  sufficient  depth 
to  allow  of  complete  immersion  of  the  bandages.  Two  bandages  are  laid  on  their 
side  in  the  water.  If  the  atmosphere  is  damp  or  if  the  quality  of  plaster  is  in- 
ferior, a  small  quantity  of  salt  or  alum  may  be  added  to  the  water  to  hasten 
the  hardening.  The  bandage  is  left  immersed  until  it  is  thoroughly  saturated 
and  is  then  lightly  squeezed,  under  water,  to  force  out  air  from  the  interstices 
and  allow  of  further  saturation.  The  bandage  is  then  tightly  squeezed  to  expel 
the  excess  of  water.    As  soon  as  one  bandage  is  removed  from  the  water,  another 


Fig.  366. — Removal  of  Plaster  Cast. 


is  substituted  for  it  until  the  required  number  is  reached.  The  bandage  is  ap- 
plied evenly  and  smoothly,  in  the  same  manner  as  an  ordinary  roller  bandage. 
More  numerous  turns  are  made  near  joints,  as  there  the  strain  is  greatest.  The 
number  of  bandages  used  will  depend  on  the  purpose  for  which  the  cast  is  ap- 
plied. If  this  be  to  retain  a  simple  dressing  in  place,  as  in  cases  of  scalp  wounds 
with  delirium  tremens,  one  or  two  bandages  will  suffice.  To  secure  immobili- 
zation of  joints,  from  six  to  eight  thicknesses  may  be  necessary.  Fractures  of 
the  leg,  when  the  patient  is  allowed  to  walk  about,  require  heavier  casts  than 
those  in  which  no  such  strain  is  put  upon  the  flamaged  bone.  In  the  former  in- 
stance an  additional  safeguard  may  be  furnished  by  the  introduction  of  a  thick 
roll  of  lamb's  wool,  to  be  held  in  place  by  several  additional  plaster  bandages. 
When  fenestrse  are  required,  the  plaster  should  first  be  allowed  thoroughly  to 
harden.  If  large  fenestrse  are  needed,  the  cast  should  be  strengthened  by  incor- 
porating in  it  one  or  more  strips  of  soft  iron,  bent  like  a  basket  handle,  at  the  site  of 
the  proposed  fenestrse.  The  cast  may  be  finished  in  one  of  two  ways,  either  one 
of  which  enhances  its  appearance :  The  final  bandage  may  have  its  selvage  left 


588 


AMERICAN  PRACTICE  OF  SURGERY. 


on,  and  is  then  to  be  applied  as  a  short  figure-of-eight,  or  plaster-of-Paris  paste 
may  be  rubbed  in,  so  as  to  produce  a  smooth  finish.  Dry  plaster  may  also  be 
dusted  on  while  the  cast  is  still  moist. 

Removal. — After  the  cast  has  hardened  it  may  be  cut  down  at  the  line  at 
which  the  adhesive  plaster  was  placed.    (Fig.  366.)     This  is  desirable  when  the 


Fig.  367. — Knives  for  the  Removal  of  Plaster-of-Paris  Casts. 

plaster  is  applied  soon  after  the  receipt  of  a  fracture,  as  it  allows  somewhat  for 
swelling  and  also  allows  of  the  cast  being  sprung  apart  by  the  hands  in  case 
swelling  becomes  more  pronounced.  The  cast  thus  cut  down  is  held  in  place 
by  a  gauze    bandage.     If  it  be  cut  down  when  its  period  of  usefulness  is  past, 


Fig.  368. — Saws  for  the  Removal  of  Plaster-of-Paris  Casts. 

the  projecting  ends  of  the  adhesive-plaster  strip  serve  as  a  guide  to  the  line  along 

which  to  cut,  and  guard  the  skin  against  injury  from  the  instrument  employed. 

Many  instruments  have  been  devised  (Figs.  367-370)   for  removing  casts. 

Those  commonly  employed  are  the  strong  resection  knife,  with  an  elevator 
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handle,  and  the  small  hand  saw.  If  the  cast  is  cut  down  with  a  knife  it  will  be 
found  easier  if  the  cut  is  made  somewhat  obliquely  to  the  surface.  Painting 
the  proposed  line  of  incision  with  vinegar  faciUtates  removal,  but  this  should  not 
be  done  if  it  is  intended  to  replace  the  cast,  as  the  vinegar  softens  the  plaster 


Fig.  369. — Scissors  to  Assist  in  the  Removal  of  Plaster-of-Paris  Casts. 

throughout  quite  a  distance.  The  sensation  conveyed  by  the  knife  or  saw  will 
tell  the  operator  when  the  plaster  has  been  entirely  cut  through,  as  the  instru- 
ment will  catch  in  the  soft  protecting  material  beneath. 

WTien  the  cast  has  been  completely  cut  through,  the  edges  are  pried  apart 
sufficiently  to  allow  them  to  be  grasped  with  the  fingers  and  then  separated 


Fig.  370.— French  Saw  for  Remo\-ing  Plaster-of-Paris  Casts. 

Widely.  The  protecting  dressing  is  then  cut  through,  and  the  entu-e  dressing, 
cast  and  all,  is  held  widely  separated  while  an  assistant  lifts  the  part  out  of  the 
cast.     This  mode  of  procedure  is  desirable  in  order  to  disturb  the  parts  as  little 
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as  possible.  If  it  is  decided  to  replace  the  same  cast  the  edges  may  be  bound 
with  adhesive  plaster  and,  after  the  apparatus  has  been  reapplied,  it  may  be 
held  in  place  with  a  muslin  bandage. 

Either  vinegar  or  sugar  water  will  be  found  useful  in  removing  plaster  from 
the  operator's  hands.  Vaseline  rubbed  into  the  subungual  spaces  and  about  the 
nails  helps  to  keep  the  plaster  from  adhering. 

Plaster  Splints. — These  may  be  made  in  two  ways.  A  cast  may  be  applied 
as  described  and,  after  it  has  hardened,  it  may  be  removed  in  two  sections. 
These  are  to  be  well  padded  and  the  edges  are  to  be  bound  with  adhesive  plaster; 
the  entire  splint  is  then  held  in  place  by  adhesive  plaster  and  a  muslin  bandage. 
A  second  method  is  to  fold  the  bandage  on  itself  on  a  smooth  surface,  thus  form- 
ing a  flexi'ble  splint  of  the  desired  width,  length,  and  thickness.  One  or  more  of 
these  splints  are  moulded  to  the  parts  in  such  a  manner  as  to  permit  of  ready 
removal.  While  hardening  they  are  held  in  position  by  a  few  turns  of  a  gauze 
bandage.  After  they  have  become  hardened  they  are  lined  with  cotton,  ap- 
plied to  the  part,  and  held  in  position  by  adhesive  plaster  and  muslin  bandages. 

Starch  Bandages. — Seutin,  a  Belgian  surgeon,  in  1884,  advised  the  use  of 
starch  bandages  as  a  removable  immobilizing  dressing.  Originally,  gauze  band- 
ages were  soaked  in  fresh  starch,  and  the  starch  was  spread  between  the  bandage 
turns  as  they  were  applied.  Now,  however,  crinoline  bandages  are  used,  these 
containing,  as  a  rule,  enough  starch  to  act  as  a  hardening  dressing.  If  the  amount 
of  starch  is  deficient,  powdered  starch  may  be  incorporated  in  the  meshes  of 
the  bandage.  Before  application  the  bandage  is  immersed  in  hot  water  and 
applied  wet. 

Application. — The  limb  is  first  bandaged  with  an  ordinary  flannel  bandage, 
or,  in  the  case  of  the  lower  extremity,  a  stocking  may  be  put  on.  A  strip  of 
adhesive  plaster  is  placed  longitudinally  along  the  anterior  aspect  of  the  limb 
in  the  median  line,  and  a  second  strip  along  the  posterior  aspect  in  the  median 
line.  These  strips  extend  for  the  full  length  of  the  proposed  bandage,  and  serve 
to  protect  the  limb  when  the  starch  cast  is  cut  in  two  portions.  Several  layers  of 
the  starch  bandage  are  applied  in  the  same  manner  as  is  done  in  the  case  of  a 
plaster-of-Paris  bandage.  Such  a  dressing  has  the  advantage  of  lightness,  but 
it  possesses  the  disadvantage  of  becoming  firm  only  after  from  twenty-four  to 
forty-eight  hours,  during  which  time  it  must  be  protected.  For  the  purpose  of 
maintaining  the  parts  in  position  during  hardening  of  the  starch,  wooden  splints 
may  be  employed;  or  an  outer  layer  of  plaster  of  Paris,  which  is  removed  after 
forty-eight  hours  (Rosen),  may  be  used.  The  starch  cast  has  the  additional 
advantage  of  being  readily  cut  with  stout  scissors. 

Soluhle-Glass  Bandages. — This  form  of  fixed  dressing  is  cheaper  and  lighter 
than  plaster  of  Paris,  but,  as  it  takes  twenty-four  hours  to  become  firm,  neither 
it  nor  the  starch  bandage  can  replace  plaster  of  Paris  in  the  treatment  of  recent 
fractures    or  for  use  in  the  correction  of  deformities.    Both  these  forms  of 
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bandage,  however,  can  be  very  profitably  employed  as  a  later  supporting  dress- 
ing in  fracture  cases  and  in  cases  of  resection  of  a  joint.  As  in  the  case  of  the 
starch  bandage,  the  soluble-glass  bandage  must  be  supported  for  from  twenty- 
four  to  forty-eight  hours  either  by  wooden  splints  or  by  a  few  turns  of  a  plaster- 
of-Paris  bandage.  The  application  of  the  soluble-glass  bandage  is  quite  simple. 
The  liquid  is  poured  into  a  basin,  and  a  number  of  gauze  bandages  are  placed 
in  the  solution  until  they  become  saturated.  It  is  necessary  to  protect  the  skin 
against  the  action  of  the  liquid  either  by  means  of  a  flannel  bandage  or  by  the 
use  of  a  stocking,  as  the  liquid  contains,  in  addition  to  the  hardening  potassiimi 
siUcate,  a  greater  or  less  amount  of  free  potassium — an  agent  which  affects  the 
skin.  During  the  application  of  the  bandage  additional  Uquid  is  poured  between 
the  layers  so  as  to  fill  the  meshes  of  the  gauze.  Longitudinal  strips  of  paste- 
board may  be  interposed  to  strengthen  the  bandage.  After  it  has  hardened,  the. 
bandage  may  be  removed  in  two  sections  with  strong  scissors.  There  will  thus 
be  formed  two  splints,  the  edges  of  which  may  be  bound  with  adhesive  plaster 
and  so  protected  against  splintering.  The  splints  are  then  held  in  apposition 
to  the  parts  by  means  of  an  ordinary  roller  bandage.  Less  commonly,  magne- 
site  is  similarly  employed. 

Starch  bandages  and  soluble-glass  bandages  have  the  advantage  over  plaster 
of  Paris  in  that  they  are  not  affected  by  moisture,  but  this  disadvantage  of  the 
plaster-of-Paris  bandage  may  be  overcome  by  rubbing  the  bandage  with  a  solu- 
tion of  dammar  resin  fMitscherlich),or  soluble  glass  maybe  poured  over  the  final 
layer  of  the  plaster-of-Paris  bandage.  Mixtures  of  soluble  glass  and  plaster  of 
Paris  harden  very  readily  and  are  insoluble  in  water. 

Paraffin  Bandages. — These  are  not  practical,  as  they  do  not  afiford  a  suffi- 
ciently solid  support;  furthermore,  they  sometimes  melt  at  ordinary  room 
temperatures  and  they  irritate  the  skin  if  the  paraffin  remains  in  contact  with 
it  for  a  time. 

Caoutchouc  Bandages. — These  are  of  advantage  in  young  children.  Strips 
of  caoutchouc  are  immersed  in  hot  water  until  soft,  and  then  are  rolled  up  with 
a  linen  roller  bandage  and  dipped  in  cold  water  to  cause  them  to  harden  as  quickly 
as  possible.  The  resulting  bandage  is  light  and  rather  firm,  and  is  not  affected 
by  water.  They  have  the  disadvantage  of  being  expensive.  Just  previous  to 
application  the  bandage  should  be  immersed  in  hot  water. 

Adhesive  Plaster. — Officinal  resin  plaster,  rubber  plaster,  and  moleskin  plaster 
are  the  varieties  commonly  employed. 

Surgeon's  adhesive  plaster — rubber  plaster — is  now  made  in  combination  with 
zinc  oxide,  in  order  to  render  it  less  irritating  to  the  skin. 

Preparation. — The  plaster  may  be  used  directly  from  the  roll  or  it  may  be 
cut  in  long  strips,  ^  to  f ,  2,  3,  or  4  inches  in  width,  and  these  strips  may  be  rolled 
on  glass  or  metal  rods  six  or  eight  inches  long,  for  convenient  handling.  The 
small  strips  are  useful  for  strapping  the  ankle  and  other  joints,  for  the  treatment 
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of  leg  ulcers,  and  for  retaining  dressings;  the  wider  strips  for  strapping  the  chest 
and  abdomen. 

Adhesive  plaster  may  be  used  in  the  form  of  taped  straps  to  retain  an  ab- 
dominal dressing  in  position.  (Fig.  371.)  For  this  purpose  four  strips  are  used, 
each  strip  having  a  length  of  ten  or  twelve  inches  and  a  breadth  of  three  inches. 


Fig.  371. — Adhesive-Plaster  Taped  Straps  for  Retaining  Abdominal  Dressings. 

One  end  of  each  strip  is  folded  on  itself  (adhesive  surfaces  together)  for  a  distance 
of  one  inch;  the  object  of  this  is  to  facilitate  removal.  The  other  end  of  each 
strip  is  folded  on  itself  (adhesive  surfaces  together)  for  a  space  of  two  inches,  and 
through  this  double  thickness  a  triangular  cut  is  made  with  scissors,  and  through 
the  opening  a  half-inch  tape  is  passed  and  knotted.     Each  tape  should  be  long 


Fig.  372. — Employment  of  Adhesive  Plaster  in  Securing  Apposition  of  the  Edges  of  a  Wound. 

enough  (eight  to  ten  inches)  to  admit  of  being  tied  in  a  bow  knot  to  its  fellow 
of  the  opposite  side  over  the  abdominal  dressing.  Two  of  these  prepared  ad- 
hesive-plaster straps  are  placed  on  the  skin  well  back  on  each  flank.  The 
skin  should  first  be  dried  to  insure  thorough  adhesion.     By  applying  straps  in 
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this  maimer  it  is  only  necessary  to  untie  the  tapes  when  inspecting  the  dressing. 
This  does  away  with  the  unpleasant  necessity  of  frequent  changes  of  adhesive 
plaster,  and  furnishes  a  more  economical  method  of  retaining  dressings  in  most 
parts  of  the  body.  These  strips  are  particularly  useful  in  Syme's  amputation  and 
other  foot  amputations  in  which  part  of  the  tarsus  is  left.  All  adhesive-plaster 
strips  should  be  scrupulously  freed  from  ravelings.  It  is  particularly  these 
threads  which  tend  to  irritate  the  skin. 

Adhesive  plaster  may  be  employed  for  the  purpose  of  approximating  the 
edges  of  a  wound.  (Fig.  372.)  ^Mien  so  used  the  plaster  should  be  sterilized 
by  heat,  unless  it  has  been  specifically  prepared  for  this  purpose  by  a  reliable 
manufacturer.  If  it  has  not  been  so  prepared  it  maybe  readily  sterilized  by 
passing  it  through  a  flame.  In  aj> 
plying  plaster  to  approximate  wound 
edges,  spaces  should  be  left  between 
the  strips  to  provide  for  the  escape 
of  any  discharge  that  may  form. 

Resin  plaster,  when  used  for  any 
purpose,  must  be  heated  in  order  to 
make  it  adhere.  When  this  form  of 
plaster  is  used,  the  degree  of  heat 
which  it  may  have  absorbed  should 
be  tested  on  the  back  of  the  opera- 
tor's hand  before  he  applies  the  plas- 
ter to  the  patient's  skin;  otherwise 
blistering  may  result  from  the  ap- 
pUcation  of  too  great  heat. 

It  is  not  necessary  to  heat  rubber 
plaster  to  cause  it  to  adhere,  although 
it  may  be  heated  for  purposes  of 
sterilization.  Strips  of  plaster  may 
be  used  for  securing  dressings  in  place 
while  the  bandage  is  being  applied, 
as  in  applying  dressings  and  bandages 
tx)  a  circular  part  such  as  the  thigh. 

Adhesive  plaster  may  be  incorporated  in  a  bandage  in  such  a  manner  as  to 
retain  the  bandage  in  position,  part  of  the  adhesive  plaster  being  adherent  to 
the  skin  and  part  to  the  bandage.  Adhesive  plaster  is  also  useful  for  exercising, 
direct  pressure  upon  a  part  (as  in  strapping  a  joint  [Figs.  373,  374]  or  strapping 
the  testicle  [  Fig.  375]),  for  exerting  indirect  pressure  (as  in  retaining  a  graduated 
compress  in  position),  for  securing  immobihzation  in  fractm-es  (Figs.  376,  377),  for 
preventing  the  development  of  deformities  (as  in  the  prevention  of  the  equinus 
position  of  the  foot  in  patients  long  confined  to  bed— Fig.  378),  for  relieving  hy- 

voL.  IV.— 38 


Fig.  373. — Adhesive-Plaster  Strapping  of  the  Knee 
in  Sj-no\-itis.     (Schematic.) 
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persemia  (as  in  the  ambulatory  treatment  of  ulcer  of  the  leg — Fig.  379),  for 
making  extension  (Figs.  380,  381),  for  preventing  inversion  of  the  lips  of  a  deep 
wound  (as  in  stout  people  in  which  there  has  been  fat  necrosis  in  the  wound), 
for  immobilizing  fractured  ribs  (Figs.  382,  383),  etc. 

In  applying  the  plaster  to  any  part  of  the  body  the  parts  should  first  be 
cleansed  and,  if  necessary,  shaved.     If  it  becomes  necessary  to  apply  a  second 

strapping  to  a  part,  the  plaster  should,  if 
possible,  be  made  to  avoid  any  irritated 
areas  that  have  resulted  from  the  first  strap- 
ping. Alcohol  or  benzine  will  facilitate  the 
removal  of  ordinary  plaster.  Benzine  is  an 
excellent  solvent  for  plaster  and  may  also 
be  used  for  cleansing  the  skin  after  the 
removal  of  the  plaster.  With  zinc-oxide 
plaster  it  is  not  usually  necessary  to  use 
either  alcohol  or  benzine.  When  the  plas- 
ter is  removed  it  is  less  painful  to  the  pa- 
tient if,  after  the  plaster  has  been  started, 
the  skin  is  pulled  away  from  it  with  one 
hand  while  steady  traction  is  made  on  the 
plaster  with  the  other  hand.  If  the  plaster 
is  pulled  away  from  the  skin  too  rapidly 
and  without  the  above  precaution  the 
edges  of  the  plaster,  where  it  has  become 
most  adherent  to  the  skin,  are  apt  to  pull 
away  some  of  the  superficial  layers  of  the 
skin,  and  in  some  instances  an  injury  re- 
sembHng  a  ''scratch"  results. 

Adhesive-Plaster  Abdominal  Scultetus. 
(Fig.  384.) — This  form  of  dressing  was 
advocated  by  Boldt  as  a  means  of  supporting  the  abdominal  wall  after 
a  laparotomy  and  thus  allowing  of  the  earlier  moving  about  of  the  patient. 
Zinc-oxide  plaster  is  used  to  reduce  skin  irritation  to  a  minimum.  The  quality 
of  the  plaster  should  be  such  as  to  preclude  stretching.  The  full  width  of 
the  plaster  (twelve  inches)  is  used  and,  according  to  the  size  of  the  patient, 
the  strip  should  measure  from  twenty-eight  to  forty  inches  or  more  in  length. 
From  the  centre  of  the  lower  edge  of  the  strip  a  semicircular  piece  is  cut,  in 
order  that  during  defecation  the  bandage  shall  not  be  soiled.  The  patient  is 
placed  upon  the  bandage  so  that  the  lower  border  comes  about  on  a  level  with  the 
pubes.  The  fabric  covering  the  plaster  is  now  removed.  This  is  facilitated 
by  rolling  the  patient  first  to  one  side  and  then  to  the  other,  while  an  assistant 
steadies  the  plaster  and  removes  the  fabric.     Each  end  of  the  plaster  is  next 


Fig.  374.- 


-Adhesive  Plaster  Strapping 
of  Ankle. 
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split  into  four  tails.  These  tails  arc 
snugly  adjusted,  the  lower  one  on  one 
side  being  applied  first,  thon  the 
lower  one  on  the  other  side,  and  so 
on.  These  overlap,  thus  making  a 
double  support  in  front  and  at  the 
sides.  This  process  is  continued  un- 
til the  four  tails  on  each  side  have 
been  snugly  adjusted.  If,  in  short 
patients,  the  upper  part  of  the  ban- 
dage should  reach  up  to  the  epigas- 
trium, the  upper  tails  are  not  drawTi 
so  tight.  The  anterior  superior  spines 
of  the  ilia  are  protected  by  lightly 
padding  with  gauze. 

Pressure  Bandages. — Pressure 
bandages  may  be  used  to  produce 
pressure,  as  in  the  treatment  of  var- 
icose veins  of  the  lower  extremities: 
to  produce  hyperaemia,  as  in  the . 
treatment  of  infections  (e.g.,  tuberculous 


Fig. 


375. — Strapping  the  Testicles  with  Strips  of 
Adhesive  Plaster. 


Fig.  376. — Application  of  Adhesive  Plaster  in 
CoUes'  Fracture. 


processes)  occurring  on  the  extrem- 
ities ;  to  control  effusions  in  joints  and 
in  the  soft  parts,  and  to  promote  ab- 
sorption of  such  effusions;  to  control 
hemorrhage.  For  such  purposes  an 
ordinaiy  muslin  roller  is  impracticable 
as  it  does  not  possess  elasticity  enough 
to  produce  the  required  even  pressure, 
and,  if  tightly  enough  applied  to  exert 
pressure,  it  may  produce  injury  to  the 
soft  parts.  For  producing  such  press- 
ure effects  a  bandage  possessing  a  cer- 
tain degree  of  elasticity  is  necessary. 
When  but  a  slight  degree  of  elasticity 
b  required,  bandages  of  stockinet, 
flannel,  or  Japanese  crepe  may  be 
employed.  Such  bandages  exert  uni- 
form pressure  and  do  not  irritate 
the  skin.  Where  a  more  pronounced 
pressure  effect  is  indicated,  an  India- 
rubber  or  a  cotton-elastic  bandage 
should  be  used. 
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The  dimensions  of  tlie  bandage  vary  with  the  purpose  for  which  it  is  to  be 
used.  A  Martin's  India-nibher  bandage  is  the  one  commonly  employed  in  cases 
of  varicose  veins.  When  it  is  desired  to  render  the  extremity  bloodless  a  thick 
rubber  bandage — Esmarch  bandage — is  employed.  For  the  immediate  control  of 
hemorrhage  occurring  in  the  course  of  an  extremity,  and  for  the  control  of  hem- 


FiG.  377. — Application  of  Adhesive  Plaster  to  Retain  Basswood  Splints. 

orrhage  occurring  after  the  extremity  has  been  rendered  bloodless  by  the  Esmarch, 
an  India-rubber  tourniquet  is  employed.  This  is  a  narrow,  thick  India-rubber 
band  having  a  chain  attached  to  one  end  and  a  hook  to  the  other,  by  means  of 
which  it  is  secured  in  place  after  having  been  wrapped  tightly  about  the  limb 


Fig.  378. — Adhesive- Plaster  Straps  Applied  to  Prevent  Equinus  Position  in 
Ca.ses  of  Long  Confinement  to  Bed. 

at  the  point  where  the  main  artery  is  superficial — in  the  case  of  the  upper  extrem- 
ity, well  up  to  the  axillary  fold;  in  the  case  of  the  lower  extremity,  well  up  to  the 
groin.  Over  the  course  of  the  artery  is  first  placed  an  ordinary  roller  bandage, 
and  this  is  secured  in  position  by  circular  turns  of  the  tourniquet,  which  is 
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finalh'  fastened  by  the  hook  and  chain. 
Care  should  be  taken  that  too  much  press- 
ure be  not  emploj'ed,  otherwise  the  skin 
and  underlying  soft  parts  may  be  injured. 
Some  protection  may  be  afforded  by  plac- 
ing a  folded  towel  around  the  parts  before 
apph'ing  the  tourniquet.  If  too  extreme 
pressure  is  employed,  or  if  the  tourni(|uet 
is  kept  applied  for  too  long  a  period,  there 
results  a  vaso-motor  paresis  which  predis- 
poses to  secondary'  hemorrhage.  The  com- 
mon mistake  made  in  applying  a  tourniquet 
is  to  apply  it,  in  operations  upon  the  forearm 
and  hand,  just  above  the  elbow,  in  which 
event  pressure  upon  the  musculo-spiral 
nerve  may  result  in  paralysis ;  or,  in  oper- 
ations upon  the  leg  and  foot,  in  applying  it 
just  below  the  knee,  at  which  point  {press- 
ure upon  the  peroneal  nerve  is  likely  to 
result  in  paralysis  of  the  muscles  supplied 
by  that  nerve. 

Application  of  the  Esyymrch  Bandage. — 
The  bandage  is  started  at  the  distal  end 
of  the  extremity  and  ascends  by  oblique  turns,  the  edges  of  which  just  touch 
each  other.    When  the  entire  extremity  has  been  ascended  by  these  oblique 

turns  a  few  circular  turns  may  be  made, 
these  circular  turns  being  lifteil  up  over 
the  course  of  the  main  artery  by  the 
fingers  of  the  left  hand,  and  the  remain- 
ing part  of  the  body  of  the  bandage 
being  placed  vertically  under  them,  so 
that  the  circular  turns  hold  the  body 
of  the  bandage  against  the  main  artery 
and  effectually  shut  off  the  blood  sup- 
ply. Beginning  at  the  distal  extremity 
the  oblique  turns  are  now  unwound 
up  to  the  level  of  the  circular  turns, 
the  loose  part  of  the  bandage  being 
bunched  and  held  out  of  the  way  by  a 
few  turns  of  a  muslin  bandage.  In 
operations  for  malignant  growths  or 
for    septic    conditions    the    bandage 


Fig.  379. — Application  of  Adhesive  Plaster 
Basket  Strapping  for  Ulcer  of  the  Leg. 


Fig.  380. — Shows  Use  of  Adhesive  Plaster  in 
Exten-sion  for  Fracture  of  the  Humerus. 
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should  not  be  applied  from  the  distal  extremity  of  the  limb  and  continued 
up  the  hmb,  as  the  adoption  of  this  course  might  force  tumor  products  or 
septic  materials  into  the  circulation,  or  at  least  into  parts  of  the  limb  not  origi- 


FiG.  381. — Shows  Manner  of  Applying  Adhesive  Plaster  in  Buck's  Extension. 

nally  invaded  by  the  disease.  In  such  cases  the  limb  should  be  elevated  for  five 
minutes  and  then  the  Esmarch  bandage  should  be  started  above  the  level  of  the 
disease.     Instead  of  finishing  the  Esmarch  by  inserting  the  body  of  the  bandage 
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Fig.  382. — Adhesive-Plaster  Strapping  to  Immobilize  One  Side  of  the  Chest. 

beneath  the  last  few  circular  turns  over  the  main  artery  of  the  limb,  an  India- 
rubber  tourniquet  may  be  employed  at  that  point  and  the  Esmarch  then  entirely 
removed. 
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Application  of  Martin's  India-Riibber  Bandage.— This  bandage  is  three  inches 
wide  and  four  yards  long.  To  its  terminal  extremity  is  fastened  a  double  tape 
for  the  purpose  of  securing  the  bandage  after  it  has  been  applied.  This  is 
chiefly  used  in  varicose  conditions  of  the  lower  extremity.  A  turn  may  be  first 
made  about  the  ankle.  The  bandage  is  carried  to  the  base  of  the  toes,  and  a  circu- 
lar tiun  is  made  there.  The  limb  is  ascended  by  spiral  turns,  the  bandage  ending 
just  below  the  knee.  Reverse  turns  are  not  necessar\',  as  the  elasticity  of  the 
bandage  allows  it  to  conform  to  the  shape  of  the  extremity.     In  the  case  of  very 


Fig.  383. — Spiral  Adhesive-Plaster  Strapping  of  Chest  for  Fracture  of  Ribs. 

muscular  subjects,  however,  it  may  be  necessary  to  use  long  figure-of-8  turns  in 
order  to  make  the  bandage  lie  smoothly.  Even  pressure  should  be  exerted 
from  the  base  of  the  toes  to  the  knee.  The  bandage  is  secured  by  tying  around 
the  limb  the  two  tapes  which  are  attached  to  its  distal  end.  Such  a  bandage  is 
removed  at  night,  rinsed  with  warm  water,  dried  with  a  towel,  and  hung  loosely 
over  a  line  to  air.  The  skin  of  the  limb  may  be  kept  in  good  condition  by 
massaging  night  and  morning  with  alcohol.  If,  in  spite  of  this,  a  tendency  to  an 
eczematous  condition  exists,  due  to  daily  contact  of  the  rubber  with  the  skin,  a 
thin  flannel  bandage  may  be  appUed  next  the  skin  or  the  rubber  bandage  may  be 
applied  over  a  white  stocking.  For  use  in  the  Bier  hyperaemia  treatment  of 
tuberculous  joints,  or  of  infections  that  have  developed  in  the  course  of  an 
extremity,  a  much  shorter  rubber  bandage  may  be  employed,  only  half  a  dozen 
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circular  turns  being  used  to  produce  the  required  hypersemia.     The  skin  may- 
be protected  from  irritation  by  the  appHcation  of  a  few  turns  of  a  flannel  band- 
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Fig.  384. — Boldt  Abdominal  Strapping. 

age.     The  parts  distal  to  the  area  in  which  it  is  desired  to  produce  hypera>mia 
should  be  supported  either  by  a  rubber  or  by  a  flannel  bandage. 


EXPLORATORY  PUNCTURE;  ASPIRATION;  HYPODERMIC 

INJECTION. 


Exploratory  Puncture. — Exploratory  puncture  is  useful  as  a  means  of 
diagnosis  of  certain  inflammatoiy  conditions  and  of  cysts  and  tumors.  The 
puncture  may  be  made  by  means  of  an  aspirator,  an  exploring  needle,  or  an  ordi- 
nary hypodermic  syringe  may  be  used.  For  the  purpose  of  securing  fragments  of 
the  interior  of  tumors  for  diagnosis,  a  special  harpoon-pointed  instrument  has 
been  devised.  Whatever  the  procedure  adopted,  asepsis  must  be  complete. 
For  purposes  of  diagnosis  in  superficial  collections,  or  collections  in  the  neigh- 
borhood of  joints,  the  needle  should  be  entered  obliquely  at  some  distance  from 
the  collection,  and  then  pushed  into  it. 

In  case  it  is  desirable  to  allow  a  larger  amount  of  the  contained  fluid  to  escape 
than  is  necessary  for  diagnosis,  a  trocar  and  cannula,  or  a  pointed  cannula  alone, 
may  be  employed.  When  the  puncture  is  made  with  the  trocar  and  cannula,  the 
skin  should  be  first  incised  with  a  scalpel.  While  the  parts  are  being  steadied  by 
the  fingers  of  the  left  hand,  the  trocar  and  cannula  are  grasped  with  the  right 
hand,  the  index  finger  of  which  is  held  as  a  guide  at  the  proper  point  to  prevent 
the  trocar  penetrating  too  deeply.  By  a  quick,  forcible,  stabbing  movement  the 
trocar  is  forced  the  required  depth  into  the  tissues.     The  trocar  is  withdrawn 
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and  the  fluid  then  flows  through  the  cannula.  After  the  required  amount  of 
fluid  has  flowed  out,  the  thumb  is  placed  over  the  open  end  of  the  cannula,  and 
the  cannula  is  quickly  withcb-awn.  The  shape  of  the  trocar  and  cannula  vdW 
depend  upon  the  pm-pose  for  which  it  is  to  be  used.  A  straight  trocar  and  can- 
nula are  usually  employed,  but,  in  suprapubic  puncture  of  the  bladder,  a  cun'ed 
instrument  is  desirable.  The  size  used  in  a  given  ca.se  will  depend  upon  the 
character  of  the  fluid  to  be  withdrawn.  Should  the  cannula  become  blocked,  a 
wire  may  be  passed  through  it  to  free  its  lumen.  This  may  be  done  while  the 
cannula  is  still  in  place.  For  continued  drainage  after  puncture,  special  instru- 
ments may  be  devised  according  to  the  conformation  of  the  parts. 

Exploring  Xeedles  are  made  in  several  sizes,  and  should  be  fitted  with  a  uni- 
versal thread  so  that  they  may  be  used  with  an  ordinary  hypodermic  sjTinge. 
The  same  precautions,  with  the  exception  of  the  skin  incision,  are  used  in  the 
case  of  the  exploring  needle  as  when  the  trocar  and  cannula  are  employed. 

Aspiration. — If  this  is  done  for  diagnostic  purposes  it  is  sufficient  to  with- 
draw a  hypodermic  syringeful  of  the  fluid,  but  if  it  is  required  to  empty  a  cavity 
a  suction  apparatus  is  attached  to  the  exploring  needle.  Either  a  Dieulafoy 
or  a  Potain  apparatus  may  be  used.  In  the  former  the  fluid  is  exhausted  directly 
into  the  barrel  of  the  Dieulafoy  syringe,  and  from  thence  into  a  receptacle.  In 
the  Potain  apparatus  the  fluid  is  drawia  into  a  bottle,  in  which  a  partial  vacuum 
is  produced  by  the  aid  of  the  exhausting  sjTinge.  In  either  event,  after  the 
contents  of  the  cavity  have  been  emptied,  the  suction  should  be  kept  up  while 
withdrawing  the  exploring  needle,  otherwise  infection  wiU  be  left  along  the  needle 
track. 

Paracentesis  of  the  Pericardium. — Usually  the  heart,  in  cases  of  pericardial 
eff^usion,  is  crowded  well  back  and  out  of  the  way,  while  the  pericardium  presses 
forward,  producing  bulging  of  the  intercostal  spaces.  By  percussion  the  area 
of  dulness  is  readily  mapped  out.  The  most  favorable  j3oint  for  puncture  is  just 
above  the  upper  edge  of  the  sixth  costal  cartilage,  near  the  left  lateral  edge  of  the 
sternum.  The  exploring  needle  should  be  introduced  carefuUy  and  slowly  away 
from  the  apex.  As  soon  as  fluid  ceases  to  flow,  the  needle  should  be  withdrawn, 
and  the  entrance  of  air  avoided. 

Paracentesis  Thoracis. — In  large  effusions  the  intercostal  spaces  are  usually 
prominent  and  the  puncture  is  easily  made.  The  index  finger  of  the  left  hand  is 
pressed  in  the  intercostal  space  selected  (usually  one  just  below  and  in  a  line  with 
the  angle  of  the  scapula),  and  the  point  of  the  needle  is  brought  in  contact  with 
the  skin  and  at  right  angles  to  the  rilDs.  The  pressure  of  the  finger  in  the  inter- 
costal space  in  the  neighborhood  of  the  needle-point  prevents  de\aation  of  the 
needle  if  the  patient  should  involuntarily  move  as  the  needle  enters  the  skin.  If 
this  is  not  done,  involuntaiy  movement  of  the  patient  may  cause  the  point  of  the 
needle  to  strike  a  rib.  Guarded  by  the  forefinger  lying  along  the  needle  the 
latter  is  thrust  quickly  into  the  chest  for  the  required  distance.     If,  by  reason  of 
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the  physical  signs,  a  point  for  puncture  is  selected  lower  than  the  angle  of 
the  scapula — say,  in  the  ninth  or  tenth  intercostal  space — the  point  of  the 
needle  should  be  directed  obliquely  upward  in  order  to  avoid  injury  to  the  dia- 
phragm. In  any  event  the  point  of  the  needle  should  first  enter  the  chest  close 
to  the  upper  edge  of  a  rib  in  order  to  avoid  the  intercostal  artery.  If  it  is  de- 
sired to  remove  all  of  the  fluid,  this  should  be  done  slowly;  otherwise  circula- 
tory disturbances  may  ensue  as  a  result  of  the  rapid  relief  of  pressure  on  the 
heart  and  large  vessels.  These  precautions  are  particularly  necessary  in  left- 
sided  effusions. 

Paracentesis  Abdominis. — In  general  ascites  the  site  selected  for  puncture  is 
in  the  linea*  alba,  half  way  between  the  umbilicus  and  the  pubes.  ■  The  bladder 
should  be  empty  and  the  patient  should  be  placed  in  a  semi-sitting  posture. 
Percussion  will  show  dulness  from  the  symphysis  upward  toward  the  umbilicus, 
and  tympany  above,  the  dulness  representing  the  fluid,  and  the  tympany  the 
intestines  floating  above.  A  Scultetus  bandage  should  be  passed  around  the 
body,  the  ends  of  the  corresponding  tails  of  the  bandage  being  held  in  place  by 
the  first  half  of  a  knot.  The  previously  sterilized  skin  is  incised  with  a  scalpel, 
and  a  straight  trocar  and  cannula  are  pushed  forcibly  and  quickly  into  the 
adominal  cavity.  The  trocar  is  withdrawn,  and,  as  the  fluid  flows  from  the 
cannula,  it  is  caught  in  a  suitable  vessel.  As  the  abdomen  decreases  in  size  the 
tails  of  the  Scultetus  bandage  are  drawn  together,  and,  when  the  fluid  ceases  to 
flow  from  the  cannula,  this  is  withdrawn  and  the  Scultetus  is  pinned  in  the  usual 
manner.  The  fluid  should  not  be  too  quickly  removed.  The  Scultetus  band- 
age serves  two  purposes:  it  causes  an  even  flow  of  the  fluid,  and,  by  combat- 
ing the  loss  of  intra-abdominal  pressure  caused  by  the  withdrawal  of  the  fluid, 
prevents  syncope. 

Lumbar  Puncture. — This  subject  has  already  been  discussed  in  detail  on 
a  previous  page  (p.  259  of  this  volume),  and  nothing  further  need  be  said  in 
this  place. 

Hypodermic  Injection. — The  older  forms  of  hypodermic  syringes  were  made 
with  a  hard-rubber  or  glass  barrel  and  a  leather-faced  piston.  Such  syringes  can- 
not be  efficiently  sterilized.  At  the  present  time  the  best  hypodermic  syringes 
are  made  with  glass  or  metal  barrels  and  solid-metal  pistons.  Colin,  of  Paris, 
manufactures  such  syringes.  They  are  superior  to  any  other  form.  A  less  ex- 
pensive syringe  is  made  by  using  a  glass  piston,  either  solid  or  packed  with  as- 
bestos. Needles  are  of  various  lengths  and  diameters,  according  to  the  purpose 
for  which  they  are  to  be  used.  For  injecting  a  thin  solution  into  the  subcutaneous 
tissue,  a  short,  slender  needle  is  used;  for  injecting  ergotol  and  thick  solutions,  a 
heavier  and  longer  needle  should  be  employed;  for  injecting  or  washing  out 
sinuses,  a  flexible,  blunt-pointed  needle,  with  a  larger  calibre,  should  be  used. 

Hypodermic  syringes  and  needles  should  be  kept  scrupulously  clean.  They 
should  be  washed  and  boiled  and  dried  after  each  using,  and  again  boiled  just 
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previous  to  using.  The  needles  should  have  wires  kept  in  them  when  not  in  use. 
Solid-piston  syringes  should  have  their  pistons  withdrawn  when  not  in  use. 
Syringes  having  leather-faced  pistons  should  have  the  cap  placed  on  the  end  of 
the  barrel  when  not  in  use,  in  order  that  the  leather  facing  may  not  dry  out.  A 
drop  of  glycerin  or  a  little  vaseline  may  be  drawn  into  the  barrel  of  such  a  syringe 
with  good  effect. 

Hypodermic  solutions  are  preferably  freshly  prepared.  If  the  solution  is  to 
be  kept  for  any  length  of  time,  there  should  be  added  to  it  a  minute  quantity 
of  carbolic  acid  to  prevent  germ  and  fungus  growth. 

The  needle  and  syringe  ha\'ing  been  sterilized,  the  required  dose  of  the  medi- 
cation to  be  injected  is  dra\Mi  into  the  syringe.  In  a  perfectly  acting  syringe 
this  can  be  done  ^^•ith  the  needle  attached.  The  skin  through  which  the  needle 
is  to  pass  is  disinfected  by  rubbing  it  smartly  with  alcohol  and  a  sterile  bit  of 
gauze.  The  usual  sites  for  injection  are  the  outer  surface  of  the  deltoid,  the  outer 
surface  of  the  thigh,  the  gluteal  region,  and  the  calf  of  the  leg.  The  gluteal  re- 
gion is  usually  chosen  for  such  drugs  as  are  not  absorbed  quickly — e.g.,  a  strong 
solution  of  mercury.  A  strong  alcoholic  solution  should  never  be  used  in  the 
subcutaneous  tissues,  except  in  the  ease  of  naevi,  as  sloughing  is  likely  to  result. 
Brandy  and  whiskey  should  always  be  diluted  one-half  before  they  are  used. 
The  skin  over  the  site  to  be  injected  is  either  pinched  up,  in  case  the  injection 
is  to  be  made  into  the  cellular  tissue,  or  held  tense  in  case  a  deep  injection  is  in- 
tended. The  needle  is  plunged  quickly  in  an  oblique  direction  to  the  required 
depth  and  the  injection  is  made  slowly.  The  needle  is  then  quickly  withdrawii 
and  the  site  is  gently  massaged  \\'ith  alcohol  on  a  sterile  bit  of  gauze,  to  cause 
diffusion  of  the  injected  fluid. 


VACCINATION,  CUPPING,  ^TNESECTION,  TRANSFUSION,  HYPODER- 
MOCLYSIS,   AND  OTHER  MINOR  SURGICAL  PROCEDURES. 

Vaccination. — The  usual  site  for  this  procedure  is  on  the  left  arm,  over  the 
lower  portion  of  the  deltoid.  In  females  the  vacination  may  be  done  on  the 
outer  surface  of  the  thigh,  or  on  the  surface  of  the  calf,  in  order  to  avoid  a  visible 
scar. 

In  vaccinating,  the  rules  of  asepsis  are  to  be  thoroughly  carried  out.  The 
skin  thus  prepared  may  be  either  scarified  with  an  aseptic  knife,  the  side  of  the 
point  of  the  knife  being  used  to  make  criss-cross  incisions,  or  these  incisions  may 
be  made  with  the  ivory  point  accompanying  the  vacine  virus  or,  better  yet,  by 
a  cambric  needle.  The  ivory  point  and  virus  are  aseptically  prepared  by  the 
manufacturer.  ^Yhen  these  incisions  are  made,  care  should  be  used  not  to 
cause  blood  to  flow  freely,  but  rather,  by  a  scraping  motion,  to  cause  the  flow  of 
serum.    The  vacine  virus  is  well  rubbed  in,  and  the  abraded  surface  is  allowed  to 
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dry.  A  shield  should  be  applied  to  protect  the  parts  from  irritation  from  the 
clothes.  This  shield  should  be  transparent  to  allow  of  inspection  of  the  parts, 
and  should  be  perforated  so  that  the  parts  may  be  kept  ventilated. 

Scarification. — Scarification  is  employed  for  the  relief  of  local  congestion. 
It  consists  in  small  parallel  incisions  made  in  the  skin  or  mucous  membrane  over 
the  congested  area.  lii  the  case  of  the  skin,  these  small  incisions  should  be  made 
parallel  with  the  normal  lines  of  cleavage  of  the  skin.  The  procedure  may  be 
employed  with  benefit  in  inflammatory  infections  of  the  tonsils,  uvula,  and 
pharynx,  particularly  when  oedema  of  the  glottis  is  threatened. 

Acupuncture. — Acupuncture  may  be  employed  in  cedema  of  various  parts 
of  the  body,  to  relieve  painful  swellings,  and  to  allow  of  the  flow  of  serum  from 
structures  beneath  the  skin.  A  narrow-bladed  bistoury  is  thrust  deeply  into  the 
swollen  area.  One  or  a  number  of  such  punctures  may  be  made,  care  being 
taken  to  avoid  important  blood-vessels  or  nerves.  The  incisions  or  punctures 
should  be  made  and  treated  aseptically,  since  infection  ulider  these  conditions 
is  apt  to  be  severe  and  destructive.  To  encourage  oozing,  warm,  moist  dressings 
may  be  used. 

Cupping. — Wet  or  dry  cupping  may  be  used.  Wet  cupping,  formerly  much 
employed,  is  rarely  used  at  the  present  time.  Dry  cupping  consists  in  causing  a 
local  congestion  by  applying,  over  the  area  where  it  is  wished  to  produce  con- 
gestion, a  receiver  from  which  the  air  has  been  exhausted.  Ordinary  glass 
tumblers  serve  as  well  as  special  cupping  glasses.  The  interior  of  the  tumbler  is 
moistened  with  a  little  alcohol  or  proof  whiskey.  To  do  this,  twist  some  cotton 
around  the  end  of  a  lead  pencil,  moisten  it  with  alcohol  and  rapidly  smear  the 
interior  of  the  tumbler  with  the  alcohol.  Light  the  alcohol  in  the  tumbler  with 
a  match,  and  apply  the  tumbler  quickly  to  the  area  indicated.  The  stick  armed 
with  cotton  that  has  been  saturated  with  alcohol,  and  the  supply  of  alcohol  that 
was  used  for  saturating  the  cotton  mop,  should  be  kept  at  a  distance  from  the 
patient.  Care  should  be  taken  not  to  smear  the  interior  of  the  tumbler  too 
profusely  with  alcohol;  otherwise  some  may  run  down  over  the  edge  of  the 
tumbler  and  burn  the  patient.  Several  of  these  tumblers  may  be  used.  As  the 
expanded  air  in  the  tumbler  cools,  the  underlying  soft  parts  will  be  forced  by  the 
outside  atmospheric  pressure  up  into  the  tumbler,  and  so  congestion  of  these 
parts  will  be  produced.  The  amount  of  congestion  will  vary  somewhat  with  the 
length  of  time  (usually  a  few  minutes)  the  tumbler  is  left  in  place.  To  remove 
the  tumbler  press  the  skin  down  with  the  thumb  at  the  edge  of  the  glass  and  so 
allow  the  air  to  enter;  the  tumbler  may  then  be  readily  removed.  Glasses  with 
sharp  edges  should  not  be  employed,  as  they  may  cut  the  tissues  if  left  long  in 
position.  If  wet  cupping  is  employed,  the  above  procedure  should  be  first 
carried  out,  and  then  the  congested  area  may  be  scarified,  preferably  with  a  scal- 
pel. (In  former  times  a  spring  scarificator  was  employed,  but  it  was  found 
practically  impossible  to  keep  the  blades  aseptic.)     The  cups  are  then  applied 
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a  second  time,  and  the  suction  from  the  cups  causes  blood  to  flow  from  the  scari- 
fied area.  When  sufficient  blood  has  been  drawn,  the  cups  are  removed  and  an 
aseptic  dressing  is  applied. 

The  Employment  of  Leeches. — Leeches  are  still  occasionally  used,  more 
particularly  by  ear  specialists  for  reducing  congestion 
over  the  mastoid,  although  Bier's  method  has  super- 
seded their  use  to  some  extent.  A  small  puncture  is 
made  with  a  scalpel,  and  the  leech  is  applied  to  this. 
One  or  several  leeches  may  be  applied  to  a  part.  After 
they  have  served  their  purpose,  if  they  do  not  ch'op  off 
readily  or  are  not  easily  removed,  sprinkling  a  Uttle  salt 
over  them  will  cause  them  to 
let  go. 

Venesection. — This  proced- 
ure may  be  indicated  in  cases 
in  which  it  is  desirable  to  re- 
duce blood  pressm'e  and  in  cases 
in  which  toxins  are  present  in 
excess  in  the  blood  or  in  which 
the  concUtion  of  the  blood  it- 
self is  such  as  to  be  poisonous 
— as,  for  example,  in  poisoning 
by  illuminating  gas.     In   both 

the  latter  conditions  venesection  usually  precedes  direct 
transfusion  of  blood  from  one  individual  to  another. 
In  the  experiments  of  Crile,  blood-letting  formed  a  part 
of  the  treatment  in  connection  with  direct  transfusion 
of  blood,  and  the  highest  percentage  of  recoveries  was 
secured  when  these  two  features  were  combined. 

Technique. — WTien  the  venesection  is  done  in  con- 
nection with  direct  transfusion  of  blood  from  arter\'  to 
vein,  the  blood  should  be  withdrawn  from  the  vein  of 
the  patient  at  the  site  at  which  the  transfusion  is  to  be 
made,  and  this  prior  withdrawal  of  blood  from  the  pa- 
tient's vein  should  be  considered  an  important  part  of 
that  procedure.  Any  of  the  superficial  veins  of  the  arm 
(Fig.  385)  of  sufficient  size  to  be  utiUzed  in  establishing 
an  anastomosis  with  the  radial  artery  of  the  donor 
may  be  selected.  Septic  phlebitis,  which  was  dreaded  by  the  phlebotomists 
of  the  past  century,  should  not  occur  imder  present-day  asepsis. 

When  phlebotomy  is  done  for  the  pm-pose  of  lowering  blood  pressure,  the  tech- 
nique is  as  follows: — A  vein,  preferably  the  median  cephalic,  is  selected  and 


Fig.  385. — Forearm  with 
Fillet  Applied.  Thumb  at 
junction  of  median  basUie 
and  median  cephaUc  veins. 


Fig.  386.— The  Super- 
ficial Veins  of  the  Forearm, 
the  Skin  Ha\'ing  been 
Removed,  a.  Median  ce- 
phahe ;  6,  cephalic ;  c,  bra- 
chial; e,  basihc;  /,  median 
basilic;  g,  anterior  ulnar; 
d,  median  nerve. 
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made  prominent  by  a  fillet  fastened  about  the  middle  of  the  arm.  (Fig.  386.) 
All  aseptic  precautions  are  to  be  employed.  The  distended  vein  is  steadied  by 
the  .thumb  of  the  left  hand,  and  with  a  sharp-pointed  bistoury  it  is  opened  ob- 
liquely to  its  long  axis.  A  sufficient  amount  of  blood  having  been  withdrawn  to 
lower  the  blood  pressure  to  the  required  point,  as  indicated  by  the  sphygmoman- 
ometer applied  to  the  other  arm,  the  fillet  is  removed,  and  further  bleeding  from 
the  vein  stopped  by  the  pressure  of  an  aseptic  pad  of  gauze  held  in  place  by  a 
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Fig.  387. — Intravenous  Saline  Injection.  Upper  left-hand  figure — vein  dissected  and  ligatures 
in  position:  a,  Distal  ligature;  h,  proximal  ligature;  c,  vein;  /,  forceps.  Upper  right-hand 
figure — cannula  introduced  into  vein:  c,  Distal  ligature  tied;  d,  cannula.  Lower  left-hand  figure: 
Cannula  held  by  proximal  ligature.  Lower  right-hand  figure:  Cannula  withdrawn  and  proximal  lig- 
ature tied.      (After  Ashton.) 

figure-of-8  bandage.  The  arm  should  subsequently  be  kept  quiet.  It  should 
be  borne  in  mind  that  the  more  rapidly  the  blood  is  withdrawn  the  more  im- 
mediate will  be  the  effect  on  the  circulation,  and  the  less  will  be  the  quantity  of 
blood  necessarily  lost. 

Intravenous  Infusion  of  a  Saline  or  an  Adrenalin  Solution. — The  me- 
dian basilic  or  the  median  cephalic  vein  at  the  base  of  the  elbow  is  usually 
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selected  for  this  purpose.  A  constricting  bandage  (the  fillet)  is  placed  around 
the  upper  part  of  the  arm  so  as  to  obstruct  the  return  flow  through  the  super- 
ficial vein.  With  aseptic  precautions  the  vein  is  bared  and  cleared  for  a  dis- 
tance of  about  one  inch.  Two  ligatiu-es  are  passed  around  it,  one  above  the 
point  of  intended  opening,  and  one  below.  (Fig.  387.)  An  opening  small  and 
valve-shaped  is  made  in  the  vein  with  pointed  scissors,  and  the  tube  of  the  cannula 
is  introduced  therein,  some  of  the  infusion  fluid  being  first  allowed  to  flow 
through  it  in  order  to  guard  against  the  entrance  of  air.  The  upper  ligature  is 
now  tightened  around  the  cannula,  thus  holding  it  in  place  and  also  preventing 
leakage.  The  lower  ligature  is  tied  in  such  a  manner  as  to  close  the  vein  below. 
The  fillet  is  now  removed.  The  jar  containing  the  infusion  should  be  hfted  about 
three  feet  above  the  vein.  The  rapidity  of  the  flow  of  the  solution  can  be  regu- 
lated by  raising  or  lowering  the  jar  which  contains  it,  or  by  compressing  part 
of  the  circumference  of  the  tubing  with  an  artery  clamp  in  such  a  manner  as  to 
narrow  the  lumen  of  the  tube. 

(For  further  details  regarding  the  strength  and  quantity  of  the  solutions  to 
be  used,  the  proper  temperature  of  the  fluid,  the  kind  of  needle  to  employ,  and 
other  technical  matters,  the  reader  is  referred  to  the  article  on  Surgical  Shock 
in  Vol.  I.,  the  section  devoted  to  Treatment,  p.  493  et  seq.) 

In  cases  in  which  secondary  hemorrhage  is  feared,  care  should  be  taken  not 
to  raise  the  blood  pressure  too  high  by  introducing  a  large  amount  of  saline. 
The  solution  should  be  allowed  to  flow  in  very  slowly.  In  shock,  it  may  be 
thought  desirable  by  some  to  combine  small  doses  of  strychnia  with  the  saline 
infusion.  This  may  be  done  by  introducing  the  hypodermic  needle  into  the 
rubber  tubing  and  slowly  injecting  the  strj'chnia  into  the  saline  as  it  passes  into 
the  circulation.  Adrenalin  chloride  in  1: 1,000  solution  may  be  injected  in  this 
manner  and  may  be  repeated  at  brief  intervals  until  the  blood  pressure  is  mani- 
festly raised.  In  cases  of  shock  in  which  strychnia  has  been  administered  be- 
fore the  saUne  infusion  is  started,  there  is  always  a  risk  tnat  the  saline  infusion 
win  cause  the  strychnia  to  be  absorbed  too  rapidly.  In  such  cases  symptoms  of 
strj'chnia  poisoning  may  develop.  (See  also,  in  regard  to  the  use  of  strj'chnia  in 
shock,  p.  494  of  Vol.  I.) 

Direct  Transfusion  of  Blood.— Dr.  George  W.  Crile,  of  Cleveland,  Ohio,  has 
recently  published*  a  detailed  description  of  the  manner  in  which  this  pro- 
cedure should  be  carried  out,  and  we  believe  it  better  to  furnish  here  rather 
full  extracts  from  this  account  than  to  publish  a  mere  resume. 

Transfusion  from  a  Peripheral  Artery  of  Donor  to  a  Proximal  Vein  of  Recipient. — 
The  question  of  clotting  at  the  site  of  anastomosis  was  eliminated  by  the  use  of  a 
mechanical  device  of  Dr.  S.  J.  Mixter's.  The  present  instrument  is  made  by  J.  C. 
Ulmer  &  Co.,  of  Cleveland,  Ohio.     By  means  of  this  tube  anastomosis  may  be  made 

*  The  Canada  Lancet,  August,  1907,  vol.  xl.,  pp.  1057-1068. 
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so  that  intima  is  in  contact  with  intima  alone,  without  damage  to  this  structure  and 
without  the  possibiUty  of  any  foreign  body  coming  in  contact  with  the  blood  stream. 
In  clinical  transfusions  we  have  utilized  the  radial  artery  of  donor  and  any  superficial 
vein  of  the  recipient.  Give  both  donor  and  recipient  a  hypodermic  injection  of 
morphine  twenty  minutes  before  transfusion,  before  they  enter  the  operating- 
room.  After  their  arms  are  prepared,  a  nurse  places  a  wet  towel  over  their  eyes  with 
the  explanation  that  the  eyes  must  be  protected  to  prevent  headache.  Donor  is 
placed  on  an  operating-table  of  the  Trendelenburg  type  so  that  in  case  he  should 
faint  he  can  be  readil}'  lowered.  Recipient  is  also  placed  on  an  operating-table  with 
his  head  in  an  opposite  direction  from  the  donor.  By  the  use  of  an  infiltration  anaes- 
thesia of  one-tenth-per-cent  solution  of  cocaine,  about  3  cm.  of  the  radial  artery  is  ex- 
posed and  the  smaller  branches  tied  with  pieces  of  very  fine  silk;  a  "Crile"  clamp  is 
applied  to  the  proximal  end  of  the  artery  and  the  distal  end  is  Ugated ;  the  artery  is 
then  divided;  the  adventitia  is  pulled  over  the  free  end  as  far  as  possible  and  snipped 
off  close;  a  moist  saline  sponge  now  covers  this  field;  3  or  4  cm.  of  the  superficial  vein 
of  the  recipient  is  then  freed,  the  distal  part  ligated,  the  proximal  closed  with  the 
"Crile"  clamp;  the  distal  part  then  is  divided  with  the  scissors,  the  adventitia 
drawn  out  as  far  as  possible  and  snipped  off  close;  the  vessels  are  then  inspected 
and  a  cannula  whose  bore  is  larger  than  the  actual  tissue  thickness  of  either  vein  or 
artery  is  selected.  The  vein  may  then  be  pushed  through  this  tube,  after  which  the 
free  end  is  turned  back  like  a  cuff  and  snugly  tied  in  the  second  groove.  During 
this  time  the  handle  of  the  cannula  is  steadied  and  manipulated  by  means  of  forceps. 
If  the  artery  is  atheromatous,  and  therefore  firmly  contracted,  or  if  for  any  other 
reason  contracted  or  quite  small,  its  lumen  may  be  dilated  by  means  of  a  mosquito 
haemostat  pushed  into  the  lumen,  then  opened  gradually.  The  artery  is  then  drawn 
over  the  vein  and  is  snugly  tied  with  a  small  linen  ligature  in  the  first  groove.  This 
completes  the  anastomosis.  The  clamp  is  then  removed  from  the  vein,  afterward 
gradually  from  the  artery,  when  the  blood  stream  will  be  seen  to  pass  from  the 
artery  across  to  the  vein,  dilating  the  latter.  However,  the  exposure  and  manipula- 
tion of  the  vessels  cause  them  to  retract,  particularly  so  in  the  case  of  the  artery. 
This  vessel  may  contract  so  firmly  as  to  obliterate  its  lumen.  The  constant  applica- 
tion of  warm  saline  solution  and  protecting  it  from  the  air  will  help  materially  in 
bringing  about  relaxation  and,  hence,  a  free  stream  of  blood.  The  pulse  wave  may 
be  palpated  in  the  vein.  It  it  best  to  introduce  the  blood  very  slowly,  watching 
carefully  the  result.  In  some  instances,  when  the  stream  passed  over  under  too  great 
a  head  and  when  the  cardiac  muscle  of  the  recipient  was  weak,  symptoms  of  acute 
dilatation  occurred.  There  was  precardial  distress,  pain  extending  through  to  the 
back,  and  almost  incessant  coughing,  rapid  pulse,  and  considerable  cyanosis.  These 
symptoms  in  each  instance  passed  off  after  a  time,  though  when  once  they  developed 
they  seriously  hampered  the  transfusion  and  diminished  the  quantity  of  blood  that 
might  with  safety  be  transferred.  In  the  majority  of  instances  we  have  been  able 
to  transfer  the  blood  without  the  patient's  knowing  that  it  was  done,  thereby  entirely 
avoiding  the  psychical  factor.  In  cases  transfused  for  profound  shock  or  hemorrhage, 
the  transformation  of  the  face  is  a  most  striking  phenomenon,  consisting  of  a  gradual 
obliteration  of  the  pale,  haggard  facies  and  a  substitution  of  a  fuller,  more  rounded, 
pink  coloration  of  glowing  health.  Not  only  is  there  transformation  in  the  facies,  but 
also  in  the  psychical  state  and  in  the  general  well-being  of  the  patient.  In  the 
donor,  after  from  twenty  to  forty-five  minutes  of  continuous  flow  from  the  radial  ar- 
tery in  a  good  anastomosis,  a  gradual  pallor  of  the  extreme  points,  viz.,  the  nose. 
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ears,  etc.,  may  be  noted,  and  more  serious  efifects  of  the  loss  of  blood  will  be  observed 
if  the  transfusion  is  allowed  to  go  on.  The  transfusion  should,  therefore,  be  ter- 
minated as  soon  as  the  donor  shows  irregular  respiration  or  sighs,  is  a  bit  uneasy,  or 
presents  a  characteristic  facies.  The  earliest  and  most  constant  change  noted  in  the 
recipient  is  the  almost  instant  and  continuous  rise  in  the  blood  pressure,  continuing 
up  to  a  certain  point,  the  total  rise  depending  upon  the  physical  state  and  the  quantity 
of  blood  transfused.  There  is  also  a  rise  in  haemoglobin  and  the  red  count.  The 
most  constant  phenomenon  on  the  part  of  the  donor  is  the  rise  in  the  leucocytes. 

Hypodermoclysis. — In  cases  of  a  less  urgent  character  hypodermoclysis 
may  be  substituted  for  intravenous  saline  infusion.  The  apparatus  consists 
of  a  hollow  needle,  an  irrigator,  rubber  tubing,  and  an  ordinary  bulb  syringe. 
The  needle  is  introduced  into  the  cellular  tissues  beneath  either  breast,  and  from 
one  to  two  pints  of  the  solution  is  slowly  introduced,  usually  a  pint  beneath  each 
breast.  This  is  rapidly  absorbed.  Should  a  second  hypodermoclysis  be  in- 
dicated, it  may  be  given  in  the  interscapular  region  or  on  the  inner  surface  of 
the  thigh. 

Auto-transfusion. — Auto-transfusion,  Uke  intravenous  sahne  infusion,  should 
be  employed  only  after  the  source  of  the  hemorrhage  is  under  control.  In 
cases  of  shock  it  is  used  to  favor  the  cardiac  and  respiratory  centres  in  the  me- 
dulla. In  such  cases  the  foot  of  the  bed  is  raised  to  an  angle  of  forty-five 
degrees.  This  tends  to  force  the  blood  to  the  medulla.  In  some  cases  of  hemor- 
rhage one  or  all  of  the  extremities  may  be  bandaged,  beginning  at  the  most  dis- 
tal point  and  bandaging  toward  the  trunk,  thus  forcing  the  blood  of  the  extremi- 
ties into  the  body.  This  is  of  great  value  as  a  temporary  resource.  It  does  not 
take  the  place  of  intravenous  sahne  infusion,  but  may  be  used  to  gain  time  and 
tide  the  patient  over  while  the  saline  infusion  is  being  prepared.  The  extremi- 
ties should  not  be  kept  bandaged  in  this  manner  for  longer  than  tw^o  hours. 
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PLASTIC  SURGERY. 

By  JAMES  S.  STONE,  M.D.,  Boston,  Massachusetts. 


GENERAL    CONSIDERATIONS. 

Plastic  or  reparative  surgery  deals  with  the  correction  of  deformities 
involving  chiefly  or  primarily  the  skin  or  soft  parts  rather  than  the  bones,  liga- 
ments, and  tendons.  While  no  definite  line  can  be  drawn  between  plastic  and 
orthopedic  surgery,  yet  custom  has  to  a  great  extent  marked  out  the  field  of 
plastic  work. 

Although  it  is  one  of  the  oldest  branches  of  surgery,  nevertheless  of  recent 
j'^ears  the  attention  which  has  been  given  to  abdominal  and  other  work  has  to  a 
certain  extent  diverted  interest  from  many  reparative  operations,  which  are  of 
the  utmost  practical  importance.  Only  a  comparatively  minor  part  of  plastic 
surgery  is  undertaken  for  cosmetic  reasons.  A  thorough  understanding  of  plas- 
tic surgery  may  often,  for  example,  enable  the  surgeon  to  remove  from  the 
face  malignant  tumors  which  otherwise  he  might  regard  as  being  inoperable. 
A  knowledge  of  the  resources  at  his  command  will  often,  in  the  case  of  a  work- 
ingman,  lead  the  surgeon  to  save  the  fingers  or  the  hand  which  would  other- 
wise be  amputated.  In  no  branch  of  surgery  is  there  greater  opportunity 
for  originahty  than  in  this.  In  fact,  no  branch  compels  originality  and 
puts  to  the  test  the  resources  of  the  surgeon  more  than  plastic  work,  and  this 
makes  it  fascinating.  Fortunately,  in  almost  all  cases  the  operation  can  be, 
and  whenever  possible  ought  to  be,  planned  beforehand  with  the  utmost  atten- 
tion to  every  detail.  All  possible  contingencies  should  be  foreseen,  and  the 
course  to  be  followed  in  any  event  should  be  clearly  planned  before  prognosis  is 
given  or  a  cut  is  made.  A  failure  at  the  outset  frequently  makes  a  later  success 
much  more  difficult  and  often  impossible. 

Plastic  operations  should  be  attempted  only  under  certain  definite  condi- 
tions. The  patient  should  be  in  good  general  health  and  the  parts  of  the  body 
concerned  in  a  suitable  state  for  the  purpose.  Also  the  environment  and  outfit 
should  be  in  keeping  with  the  attempt.  These  conditions  being  fulfilled,  success 
will  depend  on  minute  attention  to  the  numerous  details. 
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GENEKAX  PRINCIPLES  OF  PLASTIC  OPERATIONS. 

The  general  principles  of  plastic  operations  may  be  enumerated  at  once. 

Accurate  apposition  minimizes  scar  tissue,  and  thus  prevents  secondary 
contractions.    Therefore  prompt  and  firm  union  of  refreshed  surfaces  is  essential. 

Sound  tissues  only  should  be  utilized.  Scar  tissue  or  diseased  tissue  should 
not  be  used  when  it  is  possible  to  avoid  it.  Pale,  glossy  cicatricial  tissue  is 
particularly  to  be  avoided.  Cicatricial  tissue  at  the  base  of  a  flap  or  rimning 
across  a  flap  is  peculiarly  liable  to  cause  sloughing  because  of  interference  with 
proper  nutrition.  Cicatricial  tissue  should  never  be  left  at  the  edge  of  a  flap, 
because  healing  of  this  tissue  is  extremely  slow  and  unsatisfactory;  and  when 
it  is  thus  located,  no  trust  should  be  placed  in  its  reparative  powers. 

The  flaps  used  in  plastic  operations  invariably  shrink,  and  therefore  should 
be  cut  a  third  to  a  fourth  larger  than  the  area  which  it  is  intended  they  should 
fill.  The  shrinkage  varies  with  the  direction  of  the  elastic  fibres.  Flaps  should 
include  enough  vessels  and  subcutaneous  tissue  to  maintain  their  nutrition. 
It  is  of  great  advantage  to  include  a  main  arteiy  in  the  pedicle.  The  distribu- 
tion of  nerves  is  of  less  importance.  The  least  possible  tension  (preferably 
none  at  aU)  should  be  made  upon  flaps^  and  all  flaps  should  be  handled  and 
sutured  with  the  greatest  care.  Therefore  the  pinching  of  flaps  by  forceps 
should  be  avoided;  and  instead  tenacula  should  be  employed  to  draw  them 
into  position.  The  sutures  should  be  so  placed  that  tension  is  evenly  distributed. 
Tension  should  never  be  put  upon  the  pedicle  of  a  flap.  A  flap  should  never 
be  left  blanched  at  the  end  of  an  operation.  If  so  left,  it  will  slough  with 
absolute  certainty. 

Asepsis  rather  than  antisepsis  should  be  the  aim,  both  at  the  time  of  operation 
and  during  the  convalescence.  Vigorous  scrubbing  is  to  be  avoided,  since  it 
objectionably  arouses  the  circulation  and  the  "stitch-abscess"  germs  of  the  skin. 

Hemorrhage  should  be  stopped  before  the  flaps  are  sutured. 

Not  only  should  the  part  be  iumiobilized,  but  soft  and  unirritating  dressings 
should  be  applied  so  as  not  to  interfere  with  the  nutrition  of  the  flaps.  In 
cases  of  doubt  regarding  the  \dtality  of  a  flap,  prompt  inspection  should 
reveal  the  progi-ess  of  repair,  and,  in  instances  of  impending  death  of  the 
flap,  it  should  be  released  and  even  restored  to  the  original  sites,  thus  perhaps 
rescuing  the  patient  from  additional  disfigurement. 

The  needles,  sutm-es,  and  manner  of  tying  are  matters  of  great  importance, 
especially  in  plastic  surger5\  The  needles  are  curved  or  straight  as  may  be  de- 
sired ;  usually  the  former  are  the  more  convenient.  They  may  be  round  or  an- 
gular, the  latter  having  one  or  more  cutting  edges.  Those  with  cutting  edges 
enter  the  tissues  more  easily,  the  round  being  often  difficult  to  pass  and  re- 
quiring care,  as  otherwise  the  flaps  will  be  unduly  handled.     The  cutting  edge 
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of  a  needle  should  be  on  the  convex  surface,  not  at  the  concave,  and  never  at 
the  external  borders.  In  the  last  instance  bleeding  is  encouraged  and  a  too  large 
stitch  hole  is  made,  which  is  caused  to  gape  when  the  suture  is  tied  (Fig.  388,  A 
and  B),  thus  laying  the  foundation  for  infection  and  disfigurement.  The  puncture 
made  by  the  round  needle  holds  a  ligature  the  best  with  the  least  danger  of  dis- 
figurement. That  made  by  a  con- 
vexly  curved  cutting  border  is  next 
in  order  of  efficiency,  the  one  made 
by  a  concave  cutting  border  holds 
a  suture  well,  and  the  last  two  are 
closed  when  the  suture  is  tied. 
(Fig.  388,  C  and  D.) 

Chromicized  catgut,  horsehair, 
silkworm  gut,  silk,  linen,  and  also 
silver  wire  are  accepted  agents 
for  suturing  in  plastic  work. 
Horsehair  will  stand  but  little 
traction  and  therefore  is  useful 
when  little  or  none  is  needed. 
Silkworm  gut  is  often  the  best 
agent  for  the  purpose.  It  is  non- 
absorbent,  strong,  coarse  or  fine, 
and  a  single  fold  of  a  knot,  the  ends 
lying  flat,  will  usually  suffice  to  hold 
the  borders  in  proper  apposition.  Silk  makes  a  good  suture  and  is  of  almost 
universal  application.  The  advantage  of  silk  is  its  great  pliability;  the  chief 
objection  is  the  capillary  meshwork  along  which  infection  may  spread.  The 
celluloid  linen  stitches  are  to  a  great  extent  free  from  this  objection.  Catgut 
should  not  be  used  about  the  mouth  or  where  it  may  become  unduly  moistened. 
Fine  silver  wire  is  a  serviceable  agent,  but  is  employed  much  less  frequently. 
Of  whatever  material  it  may  consist,  the  suture  should  only  bring  the  borders 
of  the  wound  in  close  contact  with  each  other,  allowing  of  opportunity  for 
swelling  without  the  danger  of  strangulation  of  the  included  tissue,  which  is  so 
provocative  of  ulceration  and  disfigurement.  No  suture  should  ever  be  suffi- 
ciently tight  to  exsanguinate  the  tissue  within  its  grasp. 

Whenever  stitch  abscesses  seem  imminent  it  is  better  to  introduce  new  sut- 
ures near  to  hand  than  to  rely  on  the  first,  which  should  then  be  removed.  In 
the  removal  of  silkworm-gut  sutures  and  those  of  a  similar  nature  they  should 
be  cut  at  one  side  close  to  the  skin  and  be  unhooked,  as  it  were,  for  apparent 
reasons. 

There  are  several  methods  of  practice  in  reparative  work,  but  direct  union 
of  the  edges  of  a  defect  is  the  simplest  procedure  of  all.     The  parts  may  be 


Fig.  388. — Variety  of  Needle  Holes.  A  shows  the 
holes  made  by  a  needle  with  the  cutting  edges  at  the 
sides.  The  long  diameter  of  the  holes  is  parallel  with 
the  cut  in  the  skin  ;  B  shows  the  effect  of  tying  the 
suture.  The  holes  are  made  to  gape  by  the  pull  of  the 
suture  upon  the  sides.  Thus  bleeding  is  favored  and 
an  entrance  for  infection  is  left  open  ;  C  shows  the 
holes  made  by  a  needle  with  the  cutting  edge  on  the 
concave  or  convex  borders.  The  long  diameter  of  the 
holes  is  at  right  angles  to  the  skin  incision  ;  D  shows 
how  the  holes  are  not  opened  by  tying  the  sutures. 
(After  Pozzi.) 
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united  by  slitling  or  lateral  displacement  of  the  edges  of  a  defect.  This  is  known 
as  the  French  method.  Or  flaps  may  be  taken  from  parts  in  the  immediate  neigh- 
borhood and  transferred  to  the  location  of  the  defect,  the  nourishment  of  these 
flaps  being  furnished  by  a  pedicle  containing  sufficient  blood  supply.  This  is 
known  as  the  Indian  method,  and  has  been  practised  for  centuries.  The  flaps 
may  also  be  taken  from  distant  parts  of  the  body,  a  procedure  kno%A-n  as  the  Italian 
method  or  that  of  Tagliacozzi,  because  fii"st  described  in  his  work  "  De  Curtorum 
Chirurgia  per  Insitionem,"  publishe<i  in  1597.  Another  method  is  by  the  use 
of  grafts. 

In  addition  to  these  methods  by  operation,  prosthetic  means  are  often  required 
to  supply  irremediable  defects. 

Direct  union  of  the  sides  of  a  defect  can  be  accomplished  only  by  thorough 
refreshing  of  the  edges  to  be  apposed.  This  should  be  done  with  a  sharp  knife 
rather  than  with  scissors.  Cuts  through  the  skin  or  the  mucous  membrane 
should  always  be  made  at  right  angles  to  the  surface  except  in  the  case  of  the  hairy 
scalp.  Incisions  in  this  locality  should  be  made  at  such  an  angle  as  not  to  cut 
across  the  roots  of  the  hairs;  for,  if  their  slanting  roots  are  cut  across,  then,  after 
union  of  the  edges  of  the  woimd  has  occurred,  a  small  bald  spot  will  be  left  in  the 
area  which  would  otherwise  have  been  covered  by  these  hairs. 

In  those  cases  in  which  tension  is  tOo  great  for  satisfactory  union,  much 
freedom  may  be  gained  by  undermining  at  the  sides  of  the  opening.  Undermin- 
ing should  be  done  with  a  knife  and  should  include  all  the  subcutaneous  tissue 
down  to  the  fascia,  except  in  those  instances  where  important  structures  might 
be  injured,  as,  for  example,  the  branches  of  the  facial  nerve  in  operations  on 
the  cheek.  In  operations  intended  to  fill  large  gaps,  undermining  should  be 
practised  unsparingly.  A  surprising  amount  of  freedom  of  motion  is  gained 
for  the  tissues  thus  treated,  and  tension  is  correspondingly  diminished.  When 
the  fascia  is  divided,  care  should  be  taken  to  secure  the  union  of  its  cut  edges. 
The  importance  of  this  will  be  appreciated  when  it  is  remembered  that  the  fascia 
supports  the  skin,  and  that  consequently  the  withdrawal  of  this  support  will 
surely  cause  the  scar  in  the  skin  to  stretch.  On  the  other  hand,  if  the  edges  of 
the  fascia  become  firmly  united,  the  scar  in  the  skin  will  stretch  only  when  the 
tension  is  unusual. 

In  suturing  the  edges  of  a  gap,  it  is  often  im^sise  to  use  a  subcutaneous  stitch 
if  there  is  much  tension.  Where  such  tension  exists,  apposition  can  be  obtained 
more  perfectly  by  other  methods  of  suture,  and  accuracy  of  apposition  is  of 
great  importance  in  preventing  spreading  of  a  scar.  The  marks  of  stitch  holes 
are  usually  less  objectionable  than  a  broad  scar.  A  subcutaneous  suture  may 
be  used,  provided  that  the  fascia  is  united  below  so  securely  as  to  prevent  ten- 
sion, or  provided  that  other  sutures  are  passed  in  such  a  way  as  to  prevent 
tension  disfigurement. 

In  those  cases  in  which  direct  union  is  impossible,  even  after  extensive  under- 
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mining  of  the  edges  of  the  gap,  lateral  incisions  may  be  made  parallel  with  and 
somewhat  removed  from  the  gap,  thus  allowing  greater  mobility  of  the  edges  and 
substituting  two  narrow  defects  for  one  wide  defect. 


DIFFERENT  METHODS  OF  FILLING  IN  GAPS  IN  THE  SKIN. 

Flap  Formation. — In  plastic  operations  upon  those  portions  of  the  body  in 
which  tension  does  no  particular  harm,  the  filling  of  gaps  by  the  French  method 
of  shding  flaps  in  from  the  sides  is  almost  always  that  of  choice.  For  example, 
after  the  removal  of  any  tumor  of  the  abdominal  wall,  or  after  the  removal  of 
the  breast,  the  defect  had  best  be  filled,  as  far  as  is  possible,  by  sliding  in  flaps  of 
skin  from  the  edges.  This  method,  however,  is  usually  very  unsatisfactory  in 
those  instances  in  which  tension  is  to  be  avoided.  Thus,  for  example,  in  restor- 
ing the  border  of  any  orifice  (a  lip  or  an  eyelid),  or  in  closing  a  defect  in  the 
palm  or  the  flexor  surface  of  the  elbow  or  the  knee,  the  use  of  a  flap  slid  in  from 


Fig.  389. 

the  borders  of  the  gap  may  often  be  followed  by  relapse  unless  the  flap  is  so 
planned  as  to  guard  against  this  result.  It  is  therefore  essential  that  tension 
must  never  be  so  great  as  to  perpetuate  a  deformity. 

The  Indian  operations,  in  which  flaps  are  connected  with  their  bases  by  a 
relatively  small  pedicle,  usually  so  change  the  direction  of  the  flap  that  any 
tension  is  entirely  transferred  away  from  the  original  to  the  secondary  gap.  The 
flaps  are,  moreover,  usually  jumped  across  areas  of  undisturbed  skin,  so  that 
the  tendency  to  retract  is  lessened. 

The  various  types  of  the  French  and  Indian  methods  of  flap  formation  should 
be  thoroughly  understood.* 

Small  triangular  gaps  may  be  closed  by  direct  suture  of  the  sides,  the  work 
beginning  at  each  angle  and  terminating  toward  the  centre.  (Fig.  389.)  A 
larger  triangular  gap  may  be  remedied  by  freeing  one  or  both  of  the  longest  sides. 

*  In  many  illustrations  in  this  article  letters  are  used.  The  intention  is  to  make  more  plain 
the  manner  in  which  flaps  are  transferred.  Corresponding  points  on  different  sides  are  often 
given  corresponding  letters  {e.g.,  A  and  A')  if  these  points  are  later  to  be  imited.  The  tip  of 
a  flap  may  be  given  a  capital  letter,  and  the  untouched  area  adjoining  the  point  from  which  it 
was  taken  may  be  given  the  same  small  letter  {e.g.,  A,  A',  a,  a')  if  both  sides  of  the  body  are  in- 
volved. 
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This  should  be  done  by  an  incision  extending,  in  one  or  both  directions,  the  line 
of  the  base  of  the  triangle,  and  undermining  the  flap  or  flaps  thus  marked  out. 
(Fig.  390.)  The  objection  to  this  procedure  is  that  the  tension  at  one  side  of  the 
base  of  the  triangle  is  apt  to  be  greater  than  at  the  other,  thus  puckering  the 
skin  at  one  or  both  sides  of  the  gap.    To  ob\nate  this  difficulty,  Burow  sug- 

/  /  /  /  / .  \  \  \  ^  \ 


Fig.  390. 

gested  the  excision  of  two  smaller  triangular  areas,  each  one-fourth  the  size  of 
the  original  gap,  on  the  opposite  sides  of,  and  just  beyond,  the  base  of  the 
original  defect.  (Fig.  391.)  This  method  equalizes  tension  by  removing  re- 
dundant skin,  but  the  objection  to  it  is  that  sound  skin  is  sacrificed  and  addi- 
tional lines  of  scar  are  created.  It  should  be  remembered,  however,  that  in 
time  redundant  tissues  always  tend  to  flatten  and  contract,  and  that  this  tendency 
therefore  aids  in  lessening  deformity.  Instead  of  carrj- ing  the  incisions  in  oppo- 
site directions  along  the  line  of  the  base  of  the  triangle,  it  is  usually  preferable  to 
curve  them  slightly  toward  the  sides  of  the  gap.      (Fig.  392.)     In  this  manner 


^f-4- 


Dlf^'-^f   F 


Fig.  391. — Burow's  Method  of  Closing  a  Triangular  Gap  (-4)  by  Excising  the  Smaller  Triangular 
Areas  (B  and  C)  and  Mobilizing  and  Uniting  the  Flaps  (D  and  E).  The  secondary  flaps  {F  and  G) 
must  also  be  mobilized  and  drawn  inward. 


not  only  may  the  lines  of  the  features  be  followed  and  scars  thus  be  hidden, 
but  important  structures  can  readily  be  avoided  and,  more  significant  still,  the 
distribution  of  tension  is  made  more  even  and  the  tendency  to  redundancy  is 
lessened. 

Dieffenbach  closed  one  triangular  gap  by  the  creation  of  another  of  equal  ex- 
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tent  in  a  different  location.  The  short  side  of  the  triangle  is  directly  extended 
by  an  incision  as  far  as  may  be  desired.  Then  the  incision  is  turned  sharply 
downward  in  a  direction  parallel  with  the  nearest  side  of  the  triangle  until  three 
sides  of  a  parallelogram  are  formed.     The  flap  thus  marked  out  is  freed  by 


Fig.  392. — Jaesche's  Method  of  Curving  the  Incisions  which  Free  the  Flaps,  in  Order  to  Equal- 
ize Tension. 

dissection  and  is  slid  into  the  original  gap,  leaving  one  of  a  secondary  kind. 
(Fig.  393.) 

By  curving  the  upper  line  of  incision,  as  in  the  Jaesche  operation  (Fig.  392), 
the  secondary  gap  may  be  made  smaller. 

A  quadrilateral  gap  may  be  closed  by  extending  either  or  both  of  two  oppo- 


^    \\\  \^^ 


Fig.  393. — Method  of  Closing  the  Gap  E  by  Creating  the  Gap  F  in  a  Less  Important  Place. 

site  sides  by  incisions  carried  in  one  or  both  directions.    The  flaps  thus  marked 
out  and  freed  may  be  brought  together  and  sutured.     (Fig.  394.) 

Letenneur's  operation,  although  seldom  employed  for  the  purpose,  is  used  for 
closing  a  quadrilateral  defect.    A  flap  from  one  side  is  turned  in  so  as  to  fill  the 


A 


D 


a  b 

Fia.  394.— The  Incisions  AE  and  CG,  and  BF  and  DH  are  Made.  The  Flaps  EACG 
and  F  BD  H  (shown  in  a)  are  Undermined  in  Order  to  Bring  Together  the  Sides  A  C  and  B D 
(see  6). 
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gap.    The  pedicle  of  the  flap  is  curved  toward  the  gap.   The  diagram  (Fig.  395) 
explains  the  operation  sufficiently. 

von  Bruns'  operation  involves  an  important  step,  which  has  not  yet  been  men- 
tioned, viz.,  the  jumping  of  a  pedunculated  flap  across  an  area  of  sound  skin, 
and  the  permanent  fixing  of  it  in  a  different  direction  from  that  which  it  originally 
had.  For  example,  in  order  to  close  a  quadrilateral  gap,  the  foUo^s-ing  steps 
should  be  taken:  at  each  end  of  the  gap  there  is  formed  a  quadrangular  flap, 


Fig.  395. — Letenneur's  Operation.     The  flap  B  A'  C  E  is  swvmg  on   the  pedicle  B  E.     The  side 
B  A'  \a  to  eqvial  the  side  A  B.     The  incision  A'  C  is  to  equal  the  length  of  the  gap  A  C. 

the  pedicle  of  which  lies  immediately  contiguous  to  the  gap,  while  the  free  end 
of  the  flap  extends  into  the  tissues  beyond  the  defect.  The  two  flaps  are  raised, 
jumped  into  the  gap,  and  united  in  the  middle.  (Fig.  396.)  The  operation 
may,  if  desired,  be  modified  by  making  the  free  ends  of  the  flaps  taper  to  a 


D-V-t-ff^h7^G 


Fig.  396. — von  Bruns'  Operation.    The  two  diagrams  show  how  the  two  flaps,  united  end  to  end, 

fill  the  defect. 


point,  and  uniting  them  one  above  the  other,  instead  of  end  to  end.  In  this 
manner  the  secondarj'  gaps  may  be  closed  more  readily. 

The  method  of  drawing  two  wedge-shaped  flaps  past  each  other  is  often 
useful,  especially  in  closing  elliptical  gaps.     (Fig,  397.) 

An  elliptical  gap  may  be  closed  also  by  forming  two  flaps  at  one  side  and 
drawing  them  into  the  defect,  leaving  a  wedge-shaped  area  of  skin  undisturbed 
between  them.     (Fig.  398.) 
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Fig.  397. — Weber's  Operation. 
The  elliptical  gap  AB  is  filled  by 
making  two  wedge-shaped  flaps 
ACD  and  CEF.  The  point  C  is 
brought  into  the  angle  B.  The  point 
E  is  then  brought  into  the  angle 
freshly  made  at  D. 


The  Italian  method  of  transferring  flaps  from  distant  parts  of  the  body 
will  be  described  in  detail  when  we  come  to  consider  the  operations  where  it 
proves  most  useful.  The  method  of  double  transfer  suggested  by  Shrady 
should  also  be  mentioned.     This  method  is  described  by  Sir  William  MacCor- 

mac,  in  his  address  on  plastic  surgery  {Birming- 
ham Medical  Review,  Vol.  XIV.,  July-December, 
1888,  p.  241  et  seq.),  in  the  following  words: 

"In  order  to  fill  a  most  unsightly  gap  in  a  girl's 
cheek,  Dr.  George  F.  Shrady,  of  New  York,  lately 
told  me  of  a  case  in  which  he  had  practised  the 
following  very  ingenious  and,  so  far  as  I  know,  quite 
novel  and  original  method  of  what  may  be  called 
the  mediate  transferrence  of  a  flap  of  skin  from  the 
arm  to  the  cheek,  by  using  a  finger  as  a  medium  to 
transport  the  flap  from  one  position  to  the  other. 
I  am  indebted  to  Dr.  Shrady's  courtesy  for  these  de- 
tails, as  the  case  is  as  yet  unpublished: 

"The  arms  are  folded  in  front  in  such  a  manner 
as  will  allow  the  hand  to  rest  easily  with  its  palmar 
aspect  against  the  lower  portion  of  the  opposite  arm 
above  the  elbow;  the  other  hand  adapts  itself  in  an  easy  position  beneath  the  oppo- 
site elbow.  This  position  is  a  comfortable  and  natural  one,  and  can  be  well  borne  for 
a  considerable  time,  when  the  limbs  are  subsequently  bound  together  by  plaster-of- 
Paris  bandages.  The  bearings  having  been  noted,  a  suitably  sized  flap  is  dissected 
from  the  outer  aspect  of  the  arm,  above  the  margin  of  the  outspread  forefinger,  the 
base  of  the  flap  downward  and  the  tongue  up,  or  if  found  more  convenient  this  may  be 
reversed.  The  skin  of  the  radial  margin  of  the  fore- 
finger is  then  split  for  a  sufficient  length  to  fit  the 
margin  of  the  flap,  and  the  latter,  when  the  hand 
is  in  position,  is  stitched  carefully  to  the  split  in  the 
finger.  This  necessitates  the  curling  downward  of 
the  flap  so  that  its  raw  surface  presents  outward. 
'My  purpose,'  Dr.  Shrady  writes,  'in  curling  the 
flap  was  to  have  the  skin  surface  form  the  lining  of 
the  cheek.  The  presenting  raw  surface  on  the  cheek 
was  afterward  covered  by  sliding  skin  flaps  from  the 
neighboring  parts.  In  other  cases  it  will  be  more 
convenient  to  have  the  cutaneous  surface  presenting 
externally,  and  this  may  be  effected  by  dividing  the 
flap  at  its  inferior  extremity.  The  flap  grew  nicely 
to  the  cheek,  and  when  separated  from  the  finger 
maintained  its  vitality.     It  was  allowed  to  grow, 

with  its  upper  portion  only  attached  for  some  time,  and  then  the  sides  and  lower 
portions  (previously  free)  were  stitched  into  position.  As  a  result  of  a  subsequent 
operation  for  covering  the  granulating  surface,  the  lower  portion  of  the  original  skin 
flap  sloughed,  but  enough  remained  to  make  a  very  presentable  and  useful  cheek.' 
Dr.  Shrady  thinks  the  result  proves  that  the  principle  is  a  good  one.     It  is  easy  of 


Fig.  398.— The  Elliptical  Gap  ^5 
is  Closed  by  Sliding  the  Flaps  as 
Indicated.  It  is  essential  that  the 
point  G  be  left  undisturbed.  The 
borders  CD  and  EF  are  drawn  by  the 
point  G  and  gain  support  from  it. 
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application,,  comfortable  for  the  patient,  and  establishes  the  fact  that  the  hand 
can  be  used  as  a  means  of  intermediate  transplantation  to  almost  any  part  of  the 
body  within  reach." 

In  1880  John  Croft  applied,  to  the  correction  of  cicatricial  contraction  after 
severe  bums,  a  method  of  flap  transfer  which  had  previously  been  used  in  treat- 
ing exstrophy  of  the  bladder.*  According  to  his  plan  the  first  operation  should 
consist  of  the  following  steps:  A  bridge  of  sound  skin  and  subcutaneous  tissue 
is  raised  from  the  immediate  neighborhood  of  the  deformity.  For  example, 
when  the  cicatrix  which  it  is  intendetl  to  supplant  is  located  in  the  neck  or  at  the 
elbow,  the  skin,  which  is  to  form  the  bridge,  is  taken  from  the  back  of  the  neck, 
from  the  shoulder  or  from  the  arm,  at  one  side  of  the  defect.  The  bridge  is  cut  as 
long  as  practicable  and  as  thick  as  possible,  especially  in  its  central  part.  The 
length  of  the  bridge  cannot  safely  be  more  than  three  times  the  width.  The 
ends  are  left  attached,  the  sides  of  the  wound  being  approximated  by  sutures 
passed  imderneath  the  bridge.  Oiled  silk  protective  is  inserted  between  the 
raised  skin  and  the  triangular  raw  surfaces  underneath  the  ends  of  the  bridge,  to 
prevent  union  between  the  ends  of  the  flaps  and  the  underlying  tissues,  for  such 
union  would  shorten  the  length  of  the  span. 

It  is  important  to  keep  the  parts  immovable,  for  the  nutrition  of  the  bridge 
may  be  dangerously  interfered  with  through  displacement  of  the  dressing.  After 
an  intersal  of  two  to  three  weeks  the  next  step  in  the  operation  is  undertaken. 
The  bed  into  which  the  flap  is  to  be  transferred  is  prepared  by  cutting  through 
the  cicatrix  down  to  normal  underlying  tissues,  thus  providing  a  suitable  site 
for  the  flap.  It  is  essential  that  this  be  done  thoroughly.  Then  one  end  of 
the  bridge  is  severe-d.  The  length  of  the  flap  should  necessarily  conform  to 
the  length  of  the  gap  to  be  filled,  and  a  careful  estimate  (with  allowance  for 
shrinkage)  should  be  made.  It  is  less  important  that  the  breadth  should  cor- 
respond exactly.  The  edges  of  the  granulating  under  surface  at  the  free  end  are 
to  be  pared  and  freshened  so  that  they  will  present  raw"  surfaces  for  primary 
union  with  the  severed  end  of  the  flap. 

At  first  the  transplanted  flap  is  apt  to  look  verj'  ungainly,  unsightly,  and 
unpromising.  During  the  inters^al  between  the  first  and  second  operations, 
however,  it  becomes  narrowed  and  shortened  as  well  as  thicker  from  the  amount 
of  granulation  tissue  which  has  developed  at  the  same  time.  Eventually,  how- 
ever, the  sausage-like  flap  flattens  down  and  spreads  out  until  finally  it  may 
become  wider  than  it  was  originally  cut. 

The  advantages  claimed  for  this  plan  of  operating  are  that  the  risks  of  slough- 
ing are  greatly  diminished,  and  that,  instead  of  being  transplanted  when  recently 
drained  of  blood  and  reduced  in  temperature,  the  flap  is  moved  when  abundantly 
vascular  and  warm.  These  advantages,  which  enable  the  operator  to  proceed 
with  confidence  and  deliberation,  are  to  be  set  against  the  longer  time  during 

*  Medico-chirurgical  Transactions,  vol.  Ixxii.,  1889,  p.  349. 
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which  the  patient  remains  under  treatment.  The  practice  is  certainly  superior 
to  that  of  transplanting  flaps  from  a  distant  part  of  the  body  and  is  of  use  in 
those  cases  in  which  sufficient  skin  from  distant  parts  is  not  available. 

Skin  Grafting. — There  are  three  methods  of  skin  grafting  in  common  use, 
and  they  are  known  respectively  as  the  Reverdin,  the  Wolfe-Krause,  and  the 
Thiersch  methods, 

A.  The  Reverdin  Method. — Reverdin,  in  1869,  was  the  first  to  describe 
this  form  of  skin  grafts,  although  substantially  his  method  had  been  used  pre- 
viously in  India.  Reverdin's  procedure  consists  in  snipping  off  with  a  knife  or 
a  pair  of  sharp  scissors  numerous  small  bits  of  skin  not  over  4  or  5  mm. 
in  diameter,  and  planting  them,  deeply  or  superficially,  with  the  cutaneous  side 
up,  in  the  granulating  surface.  This  method,  when  the  grafts  are  healthy,  gives 
numerous  small  cutaneous  islands  from  which  new  epidermis  will  spread,  and 
at  the  same  time  it  will  be  found  that  the  border  of  the  ulcer  responds  in  a 
similar  manner.  Under  certain  circumstances  the  method  is  of  great  value. 
It  is  especially  applicable  in  those  cases  in  which  the  general  condition  of  the 
patient  is  such  as  to  prohibit  other  more  extensive  methods  of  grafting,  or  in 
those  cases  in  which  the  area  to  be  closed  is  so  small  that  it  seems  unnecessary 
to  subject  the  patient  to  other  methods  of  grafting.  It  may  be  also  employed 
when  other  methods,  for  various  reasons,  are  not  available.  Anaesthesia  is  not 
required  for  Reverdin  grafting.  No  special  preparation  of  the  surface  on  which 
they  are  to  be  placed  is  needed,  except  to  make  it  as  clean  and  aseptic  as  possible 
without  causing  irritation. 

B.  The  Thiersch  Method. — Thiersch  grafting  is  by  far  the  most  generally 
employed  method.  The  grafts  are  enormous  as  compared  with  those  just 
described.  Thiersch  grafting  usually  requires  the  use  of  an  anaesthetic.  General 
anaesthesia  is  more  satisfactory  than  local,  because,  if  the  latter  is  not  complete, 
the  pain  is  apt  to  be  exquisite. 

Preparation  of  the  Field. — Thiersch  grafts  are  applied  to  a  raw  surface — 
either  immediately  to  a  freshly  cut  surface  or  to  a  granulating  area.  In  cases, 
however,  in  which  they  are  to  be  applied  to  a  granulating  area,  it  is  advisable 
to  scrape  off  with  a  curette,  or  rub  off  with  a  piece  of  gauze,  all  the  soft 
granulations,  thus  exposing  the  firm  base  of  the  ulcer  on  which  the  grafts 
are  to  be  placed.  As  soon  as  the  granulation  tissue  has  been  removed,  the 
bleeding  is  to  be  stopped  by  pressure  with  hot  wet  gauze.  The  surfaces  are 
then  to  be  thoroughly  washed  with  salt  solution.  Oozing  will  be  found  to 
have  ceased  entirely  by  the  time  the  grafts  are  ready  to  be  applied.  The 
removal  of  the  granulations  helps  to  insure  success,  largely  through  the 
mechanical  cleaning  of  the  field. 

Cutting  the  Grafts  and  the  Proper  Mode  of  Applying  Them. — The  grafts  are 
taken  from  sound  skin  belonging  to  any  part  of  the  body,  by  preference  from 
the  thick  skin  of  the  anterior  and  outer  aspects  of  the  thigh.    The  skin  should  be 
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Fig.  399. — McBumej''s  Hooks  are 
like  Rakes  with  Sharp  Teeth  which 
Dig  into  the  Skin  and  Hold  it  Tense. 
(After  Fowler.) 


rendered  as  aseptic  as  possible,  but  no  antiseptic  should  be  used  at  the  time  of  the 
operation,  and  care  should  be  taken  to  wash  off  any  irritatmg  antiseptic  which 
may  have  been  used  before  the  commencement  of  the  operation.  The  skin  from 
which  the  graft  is  taken  must  be  put  on  the  stretch  and  held  as  flat  as  possible. 
For  this  purpose  McBumey  has  devised  hooks  (Fig.  399),  which  are  useful  for 
holding  the  skin,  but  are  not  absolutel}- 
essential,  since  the  skin  can  be  stretched 
satisfactorily  by  the  hands  of  the  assistant 
and  the  operator  when  placed  flat  on  the 
limb,  or,  better,  by  two  pieces  of  thin  splint 
board  held  against  the  skin  at  either  side. 
The  superficial  epidermis  is  removed  over 
as  large  an  area  as  is  required.  The  cutting 
of  the  grafts  is  best  done  with  a  ver>^  sharp 
long-bladed  knife  held  loosely  Hke  a  fiddle 
bow,  and  drawn  rapidly  back  and  forth 
across  the  surface   from  which   the  graft   is 

being  taken.  An  ordinar}-  thigh-amputating  knife  is  verj'  satisfactory  for 
the  purpose.  A  razor  will  answer  less  satisfactorily  because  of  the  short- 
ness of  the  blade.  A  microtome  knife;  though  heavy,  will  answer  the  pur- 
pose when  others  are  not  available.  Knives  specially  made  for  the  purpose 
may  be  secured  of  instrument  merchants.  The  removal  of  the  graft  is  greatly 
facilitated  if  the  knife  and  the  surface  of  the  skin  are  kept  constantly  moist 
with  a  fine  stream  of  warm  salt  solution  during  the  cutting  process.  As  soon 
as  the  grafts  are  removed,  they  should  be  immersed  in  sterile  salt  solution 
until  a  sufficient  number  have  been  obtained  to  cover  completely  the  raw 
area,  and  then  ihey  should  be  applied  by  spreading  the  grafts,  while  still 
in  the  salt  solution,  on  a  small  piece  of  rubber  protective  tissue.  The  raw 
surface  should  not,  of  course,  be  in  contact  with  the  rubber.  If  the  rubber  is 
then  lifted  from  the  salt  solution,  the  graft  will  adhere  to  it,  and  may  then  be 
transferred  directly  to  the  denuded  area  by  beginning  at  the  edge  and  pressing 
the  rubber  tissue  firmly  down  against  the  denuded  area,  so  as  to  remove  the  air 
bubbles  from  under  the  graft.  This  step  is  of  great  importance.  The  rubber 
tissue  may  then  be  carefully  rolled  back,  leaving  the  graft  in  position.  Other 
portions  of  cuticle  are  to  be  applied  in  a  similar  manner  until  the  whole  area  is 
covered.  No  raw  areas  are  to  be  left  uncovered  at  the  edges  or  between  the 
grafts.  It  is  better  to  have  two  grafts  overlap  a  little  than  to  have  an  interval 
left  between  them.  It  is  of  the  utmost  importance  in  handling  the  grafts  that 
no  mechanical  injurj'  be  done  to  them.  They  should  never  be  picked  up  with 
forceps,  but  may  be  lifted  \Nith  a  probe  or  director.  They  should  be  pressed  in 
place  firmly  with  a  probe.  If  all  air  is  pressed  out  from  under  a  graft,  it  promptly 
takes  on  a  pale  bluish  color,  unless  it  be  unduly  thick.    Bleeding  below  a  graft 
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inevitably  prevents  it  from  adhering  at  the  site  of  extravasation.     It  is  often 
easy  to  transfer  the  graft  directly  on  the  knife  to  the  ulcer. 

Dressings. — Various  methods  of  dressing  have  been  devised.     Some  saturate 
gauze  in  normal  salt  solution  and  press  it  down  firmly  upon  the  grafts,  this  pri- 
mary dressing  being  left  in  place  for  about  ten  days.     Others  put  a  thin  rubber 
tissue  between  the  gauze  and  the  grafts.     If  this  is  done,  small  holes  must  be 
,        cut  in  the  rubber  tissue  at  intervals  of  at  most  half  an 
\y  N/  inch,  in  order  to  give  free  vent  to  any  discharge;  other- 

V  /    V         ,    V       .^jgg  ^]^g  grafts  may  be  macerated  by  the  discharge  that 

V    .    ,    V  accumulates  in  the  wound.     The  rubber  tissue  is  similar 

^     w  x/  to  that  used  by  tailors.    As  it  softens  with  heat  it  must 

V  .   ,     V         ,  be  sterilized  chemically,  but  all  antiseptics  must  be  washed 
Fig  400  —Rows  of  V-  ^^  before  it  is  applied.     By  folding  the  tissue  and  cutting 

Shaped  Slits  Cut  in  the      rows  of  slits  with  the  poiuts  of  scissors  (Fig.  400)  ample 

Protective  Tissue  to  Al-  ,      .  .  •  i     i        -r^-ii  p    ,i  ,i       i      • 

low  Escape  of  any  Ex-      dramagc  may  be  provided.     Either  of  these  methods  is 
udate  from  the  Surface      perfectly  satsifactory.    Where  the  rubber  tissue  is  used, 

of  the  Raw  Area. 

the  first  dressing  may  be  done  a  little  sooner  than  other- 
wise, but  it  is  always  advisable  to  wait  eight  or  ten  days  before  undertaking 
the  first  dressing.  Another  satisfactory  dressing  is  to  cover  the  grafts  com- 
pletely with  several  layers  of  tinfoil,  and  then  to  put  gauze  outside.  The 
gauze,  which  is  placed  outside  the  tinfoil  or  rubber  tissue,  may  be  either  kept 
dry  or  be  wet  with  the  salt  solution.  Most  surgeons  prefer  to  have  the  gauze 
moist,  in  order  to  prevent  drying  and  crusting  of  the  secretions. 

Whatever  the  dressing  may  be,  nothing  is  to  be  gained  by  early  examination 
of  the  field  unless  there  are  obvious  reasons  for  doing  it.  Some  surgeons  advo- 
cate the  practice  of  not  placing  the  dressing  directly  on  the  grafts  themselves. 
They  protect  the  region  mechanically  by  some  form  of  cage,  but  otherwise 
admit  the  air  freely.  The  choice,  in  practice,  must  depend  on  the  individual 
preference  of  the  surgeon. 

The  area  from  which  the  grafts  have  been  taken  is  to  be  dressed  with  boric- 
acid  ointment  or  in  any  other  proper  manner.  It  will  heal  promptly,  leaving 
but  trifling  scars,  unless  by  chance  the  knife  has  passed  too  deeply  into  the 
skin.  In  that  case  a  permanent  cicatrix  is  left,  but  otherwise  the  only  sign  will 
be  a  slight  change  in  the  color  of  the  skin. 

C.  The  Wolfe-Krause  Method. — J.  R.  Wolfe  (British  Medical  Journal, 
September  18,  1875,  Vol.  II.,  p.  360)  first  described  a  method  of  skin  grafting 
which  has  since  borne  his  name.  His  plan  is  to  excise  and  transplant  at  one 
operation  a  piece  including  the  whole  thickness  of  the  skin.  Previously, 
transplanted  skin  had  always  remained  attached  by  a  pedicle  for  some  days,  in 
order  that  its  nutrition  might  be  assured  until  it  had  formed  sufficient  new 
connections  to  establish  its  life.  Wolfe  maintained  that  the  pedicle  was  un- 
necessary and  that  it  served  seriously  to  limit  all  efforts  at  reparative  surgery. 


PLASTIC  SURGERY.  623 

The  pedicle  once  eliminated,  the  surgeon  was  left  free  to  choose  the  region  from 
which  to  remove  the  flap  or  graft. 

Just  as  in  the  Thiersch  grafts,  asepsis  rather  than  antisepsis  should  be  the  aim, 
and  under  no  circumstances  should  irritant  antiseptics  be  used  during  the  opera- 
tion. The  graft  may  be  taken  from  any  part  of  the  body.  Sometimes  the  pre- 
puce may  be  utilized.  Allowance  of  about  a  third  must  be  made  for  contrac- 
tion of  the  graft  after  its  removal  and  before  appUcation.  It  is  important  that 
the  skin  should  not  be  bruised  and  should  be  handled  as  Uttle  as  possible.  Tri- 
fling injury  to  the  skin  is  very  likely  to  lead  to  necrosis.  It  is  essential  to  success 
that  all  the  areolar  tissue  should  be  removed  from  the  under  surface  of  the 
graft.  The  area  into  which  the  graft  is  placed  should  be  clean,  free  from  bleed- 
ing or  oozing,  and  should  be  bounded  by  freshly  cut  edges  of  healthy  skin.  The 
base  must  be  free  from  scar  tissue.  The  graft  should  be  fitted  accuratel}'  into 
its  bed,  and  should  be  firmly  fixed  in  place.  It  is  usually  wise  to  fasten  the  graft 
to  the  edges  of  the  gap  by  means  of  a  few  very  fine  stitches.  The  use  of  sutures 
must  depend  greatly  on  the  liability  of  the  flap  to  become  displaced.  Sutures 
are  usually  necessarj-  to  hold  a  flap  to  the  eyelid  or  to  a  portion  of  a  finger; 
they  may  be  dispensed  with,  however,  in  the  case  of  larger  flaps  which  are 
placed  on  a  flat  surface  and  are  not  liable  to  movement.  It  is  important  not  to 
apply  a  ligature  to  any  point  which  subsecjuently  is  to  be  covered  by  a  graft. 

The  dressing  of  the  grafts  is  important.  Ventilated  rubber  protective  tissue 
should  be  applied,  as  it  prevents  displacement  of  the  skin  through  adhesion  to  the 
outer  dressings  and  also  prevents  maceration  by  permitting  the  escape  of  fluids. 
Absolute  immobilization  of  the  part  is  essential,  and  the  dressing  should  not  be 
disturbed  for  at  least  two  weeks  without  special  reason.  Where  the  gauze  is 
placed  directly  against  the  skin,  it  is  wise,  if  possible,  to  leave  the  original  dress- 
ing undisturbed  for  even  a  longer  period  than  three  weeks.  The  graft  should 
be  kept  firmly  and  evenly  pressed  against  its  bed. 

Krause,  in  1893,  reported  eases  in  which  he  had  employed  the  same  method, 
but  in  which  he  had  transferred  much  larger  grafts  than  did  Wolfe;  he  advo- 
cated their  use  in  a  greater  variety  of  cases.  As  Krause  said  in  1895,  however, 
the  method  is  to  be  used  onlj-  when  the  Thiersch  method  is  inapphcable. 

The  method  is  particularly  useful  in  plastic  work  upon  the  fingers  or  hands, 
where  the  liability  to  cicatricial  contraction  is  great,  probably  o\N'ing  to  the  irri- 
tation of  the  exposed  scar  tissue  caused  by  constantly  repeated  trifling  trauma. 
Obviously,  protection  of  the  scar  tissue  by  the  entire  thickness  of  the  skin 
rather  than  by  a  thin  layer  of  epithelium  is  a  great  gain. 

There  are  certain  disadvantages  connected  with  the  Wolfe-Krause  grafting 
method.  In  the  hands  of  most  operators  the  likelihood  of  failure  has  been  much 
greater  than  when  the  Thiersch  grafts  are  employed.     "\Mien  the  grafts  are  small 

I  and  the  surfaces  clean,  the  chance  of  securing  union  is  good.  WTien  ulceration 
is  present,  or  the  nutrition  of  the  parts  is  impaired,  the  chance  of  success  is 
I 
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poor.  But,  as  with  many  special  procedures,  the  personal  surgical  factor  is 
very  strong.  The  minute  care  and  patience  of  some  operators  will  lead  to  suc- 
cess in  almost  all  cases. 

The  use,  by  Lusk,  of  the  raised  cuticle  of  a  blister,  and  also  of  the  same  when 
dried  and  pulverized  under  antiseptic  means  and  sown  on  the  raw  surface,  should 
be  mentioned  as  being  more  ingenious  than  practicable.  Also  thus  may  be 
mentioned  the  skin  taken  from  the  frog,  the  membrane  inside  the  shell  of  an 
egg,  etc. 

Among  grafts  should  be  mentioned  the  complete  and  immediate  transfer, 
for  plastic  purposes,  of  other  tissues  together  with  the  skin.  There  are  numer- 
ous recorded  instances  in  which  completely  severed  parts  of  the  body  have  been 
successfully  replaced.  Fingers,  toes,  and  noses  have  been  thus  restored,  and 
such  restoration  should  always  be  attempted  where  possible.  In  such  attempts 
there  is  everything  to  gain  and  but  little  to  lose.  Of  late,  also,  considerable 
experimental  work  has  been  done  in  the  transfer  of  severed  members,  but  so  far 
the  results  have  not  been  of  practical  value.  Apparently,  in  the  larger  grafts 
of  this  sort  success  depends  on  the  restoration  of  continuity  of  the  arteries  and 
veins. 

Koenig,  in  1902  {Berliner  klin.  Wochenschrift,  XXXIX.,  1,  37),  excised  and 
transplanted  a  small  portion  of  the  ear  into  the  ala  of  the  nose,  holding  the  graft 
in  place  with  stitches.  Only  a  very  small  portion  necrosed;  the  remainder 
lived  and  gave  a  satisfactory  result.  Cartilage,  which  formed  a  part  of  this 
graft,  is  free  from  blood-vessels,  and  yet  it  appears  to  have  lived.  Perhaps  the 
freedom  from  blood-vessels  renders  this  tissue  less  likely  to  necrose  than  vascu- 
lar tissue.  However  this  may  be,  the  success  of  Koenig  is  so  encouraging  as  to 
suggest  the  possibility  of  grafting  other  tissues  along  with  skin.  It  has  been 
found  by  histological  study  that  grafts  at  first  are  nourished  entirely  by  trans- 
udation, but  that  at  the  end  of  about  four  days  there  develop  minute  capillary 
vessels  through  which  increased  vigor  and  finally  active  growth  are  imparted. 

The  Reverdin  grafts  hasten  the  covering  in  of  scar  tissue  by  giving  new 
points  from  which  epithehum  may  spread;  they  also  stimulate  the  vital  activity 
of  contiguous  borders. 

The  Thiersch  grafts  cover  in  the  area  at  once  with  epithelium,  but  the  epi- 
thelium is  still  always  closely  adherent  to  the  scar  tissue  and  will  contract  if 
the  underlying  tissues  contract. 

The  Wolfe  graft,  including  the  whole  thickness  of  the  skin,  maintains  its 
former  characteristics.  Hair  continues  to  grow  where  it  grew  before.  Sensa- 
tion is  restored  promptly  in  the  new  position.  The  flap  becomes  movable  on 
the  underlying  tissues,  except  at  the  edges  where  there  is  true  scar  tissue.  There 
is  also  a  layer  of  true  scar  tissue  at  the  base  of  the  flap,  but  this  is  usually  so  thin 
as  not  to  cause  any  contraction  or  lack  of  mobility  of  the  flap.* 
♦Noesske:  Deutsche  Zeitschr.  f.  Chir.,  July,  1906,  p.  213. 
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PROSTHESIS. 

In  many  varieties  of  plastic  work  it  is  necessary  that  some  inorganic  material 
be  introduced  to  fill  a  defect  or  to  give  support  to  parts  which  are  defective. 
The  material  used  may  be  removable  or  it  may  remain  buried  in  the  tissues. 

False  teeth  and  glass  eyes  and  artificial  limbs  are  of  coui-se  prosthetic  ap- 
pliances. But  the  forms  of  removable  apparatus  which  fill  defects,  and  with 
which  the  surgeon  interested  in  plastic  work  has  to  deal,  are  those  designed  for 
filling  a  cleft  in  the  palate,  for  taking  the  place  of  a  missing  nose  or  ear,  or  for 
correcting  a  deformity  in  some  otlier  part  of  the  body.  Removable  appUances 
intended  to  support  a  depressed  nose  are  examples  of  another  form  of  prosthetic 
apparatus;  and  the  introduction,  among  the  tissues,  of  a  permanent  support 
furnishes  still  another  example  of  the  utilization  of  prosthetic  apparatus. 

Gersuny,  of  \'ienna,  introduced  in  1899  a  new  method  of  prosthesis.  He 
injected  vaseline,  which  melted  at  a  temperature  a  little  higher  than  that  of  the 
body.  At  about  the  same  time  Delanger  tried  the  injection  of  spermaceti  in 
plastic  operations.  Many  others  at  once  took  up  the  method  and  applied  it  in 
innumerable  ways.  The  correcting  of  the  deformity  known  as  "saddle  nose'' 
furnished,  howe\er,  the  widest  field  for"  the  api^lication  of  the  method.  Per- 
haps the  value  of  the  method,  as  well  as  its  dangers  and  limitations,  may  be 
best  stated  by  a  brief  review  of  the  history  of  such  injections.  ^Miile  vaseline 
was  the  first  substance  used,  it  soon  became  apparent  that  owing  to  its  low  melt- 
ing-point, varying  from  33°  to  39°  C.  (91.4°  to  102.2°  F.),  it  did  not  become 
firm  enough  for  many  purposes.  Slow  absorption  of  the  injected  mass  often 
took  place.  The  mass  also  often  became  widely  diffused,  and  in  some  cases 
emboli  entered  the  circulation. 

In  order  to  secure  a  harder  material,  mixtures  of  vaseline  and  paraffin  were 
tried,  by  Lermoyez  among  others.  This  mixture  has  a  melting-point  between 
42°  and  46°  C.  (107.6°  and  114.8°  F.).  Eckstein,  in  1901,  substituted  pure 
paraffin,  with  a  melting-point  of  about  60°  C.  (140°  F.),  for  mixed  vaseline  and 
paraffin.  The  danger  of  diffusion  and  slow  absorption  was  diminished  by  the 
rapidity  and  firmness  with  which  the  mass  hardeneil.  The  danger  of  embolism 
remained,  though  somewhat  diminished ;  and  this  has  been  the  great  objection  to 
all  such  substances.  In  many  instances  of  injection  into  the  nose  there  has  been, 
as  a  result,  embolism  of  the  central  artery  of  the  retina,  causing  an  immediate 
and  irreparable  blindness.  A  more  terrible  outcome  from  a  cosmetic  operation 
can  scarcely  be  conceived  possible.  There  have  also  been  instances  of  puhno- 
nary  embolism.     In  still  other  cases  thrombo-phlebitis  has  happened. 

With  the  use  of  paraffin  that  had  a  relatively  high  melting-point  (about  60° 
C. ;  140°  F.)  a  new  danger  arose.  Burning  of  the  skin  and  burning  of  the  deeper 
tissues  may  occur  at  the  time  of  the  injection  and  lead  to  sloughing  and  deep 

TOT,,  rv.— 40 
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sui)puration.  The  special  gravity  of  this  coagulation  necrosis  and  of  suppura- 
tion about  the  injected  material  lies  in  the  fact  that  recovery  is  impossible  until 
the  injected  foreign  body  is  entirely  eliminated.  The  removal  of  the  mass  is 
most  difhcult  owing  to  the  manner  in  which  it  spreads  through  the  tissues.  Thus, 
not  only  is  the  original  deformity  not  for  long  bettered,  but  the  opportunity  to 
adopt  other  methods  of  treatment  is  curtailed. 

A  clear  knowledge  of  what  happens  when  the  material  is  injected  gives  one 
an  understanding  of  the  risks  and  the  means  of  minimizing  them.  As  the  mass 
is  scjueezed  from  the  syringe  it  follows  the  anatomical  lines  of  least  resistance. 
Therefore  it  ihi  of  the  utmost  importance  that  the  area  into  which  it  is  intended 
to  force  the  injection  should  be  most  sharply  and  firmly  limited  by  mechanical 
pressure.  This  pressure  must  be  maintained  until  the  mass  has  become  hard; 
the  lower  the  melting-point  the  longer  the  mechanical  i)ressure  is  needed.  The 
ideal  tissues  into  which  to  force  the  injection  arc,  of  course,  the  loose  subcuta- 
neous fat  with  its  intertwining  bands  of  fibrous  tissue.  The  injection  spreads 
irregularly.  There  arc  fibrous  bands  running  about  and  through  the  injection. 
The  material  acts  as  a  foreign  body,  and,  as  in  the  case  of  any  other  foreign  body, 
it  tends  to  become  encapsulated  by  fibrous  tissue.  •  Owing  to  the  irregularity  of 
the  injected  material  it  is  plain  that  any  fibrous  bands  running  through  the  mass 
may  also  undergo  hypertrophy.  Thus,  as  the  encapsulation  goes  on,  it  may  be 
associated  with  a  crumbling  and  breaking  up  only  after  a  long  lapse  of  time,  and 
this  is  true  even  of  those  harder  materials  which  have  a  high  melting-point. 
Such  slow  breaking  up  of  the  mass  has  not  proved  micommon. 

Another  untoward  result  is  the  overgrowth  of  fibrous  tissue  about  the  foreign 
body.  There  may  be  formed  a  kcloid-like  mass  which  is  hard,  red,  and  dis- 
figuring. It  is  not  improbable  that  an  aseptic  coagulation  necrosis  from  too  hot 
injection  may  add  to  the  irritation  sufficiently  to  favor  this  keloid-Iike  formation. 

In  regard  to  the  risks  of  phlebitis  and  embolism  it  should  be  stated  that  many 
of  the  reported  cases  have  occurred  where  the  injection  has  been  made  beneath 
mucous  membrane.  As  Nelaton  and  Ombredanne  remark,  however,  it  is  a  fact 
that  in  those  cases  in  which  injection  under  the  skin  of  the  nose  results  in  the 
destruction  of  the  cartilage  or  bone,  or  in  which  they  have  been  previously 
destroyed,  the  injection  is  necessarily  submucous  as  well  as  subcutaneous. 

It  is  undoubtedly  true  that  in  many  instances  the  results  obtained  have 
been  immediately  and  permanently  satisfactory,  and  yet  with  the  increasing 
lapse  of  time  the  number  of  ultimate  failures  grows  larger. 

If  the  method  is  to  be  tried,  the  risks  already  stated  should  be  clearly  under- 
stood. It  should  further  be  remembered  that  the  removal  of  the  injected 
material,  if  it  becomes  necessary,  is  a  most  difficult  ]:)rocedure  because  of  the  in- 
terwoven meshes  of  fibrous  tissue. 

Certain  definite  rules  should  always  be  kept  in  mind.  Such,  for  example, 
are  the  following: — 1.  Only  very  small  injections  should  be  made  at  any  one 
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sitting.  It  is  wise  always  to  wait  for  a  number  of  days  at  least  until  all  in- 
ttannnatory  reaction  is  pa>se(l  before  another  injection  is  made.  With  these 
precautions  the  injections  may  be  repeated  as  often  as  necessary.  2.  Injec- 
tions are  never  to  be  made  near  large  blood-vessels  or  in  particularly  vascular 
regions,  or  under  mucous  membrane.  3.  Compression  about  the  area  until 
the  material  ha.s  hardened,  and  absolute  (juiet  in  bed  for  .-^ome  hours  after  the 
injection,  are  essential  to  minimize  the  risk  of  embolism.  4.  Paraffin  with  a 
melting-point  of  about  52°  C.  (125.6°  F.)  is  to  be  preferred,  as  it  has  bc^en  gener- 
ally found  the  most  satisfactory.  5.  AVhen  the  needle  is  removed,  care  should 
be  taken  lest  any  of  the  material  be  injected  close  to  the  skin  at  the  moment 
when  the  instrument  is  being  withdrawn. 

PLASTIC    SURGERY   AS    APPLIED   TO    DIFFERENT    REGIONS    OF 

THE    BODY. 

Neck,  Trunk,  and  Extremities. — In  correcting  cicatricial  deformities  or 
in  closing  gaps  left  after  operation  in  the  skin  of  the  extremities,  trunk,  or  neck, 
no  general  rules  can  be  laid  do>\Ti,  unless  it  be  that  the  skin  most  a\  ailable 


Fig.  401. — Cicatricial  Contraction    Following  Bum    of   Xeck    and   Chest. 

view ;  6,  profile  view. 


(Original.)     a,  Front 
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should  1)6  used.  In  the  extremities  it  is  most  important,  if  possible,  to  avoid  scars 
on  the  flexor  surface  near  a  joint,  owing  to  the  risk  of  permanent  contractions. 
It  is  well,  in  filling  a  gap  left  in  a  flexure,  to  swing  a  flap  in  in  such  a  manner  that 
its  borders  shall  lie  across,  rather  than  parallel  with,  the  length  of  the  limb.  In 
many  instances  Thiersch  grafting  is  the  best  policy,  even  though  it  does  not 
entirely  prevent  contraction. 

In  the  upper  extremity  the  transfer  of  abdominal  or  thoracic  flaps  is  of  the 
utmost  value,  especially  if  the  avoidance  of  a  scar  is  important.     (Fig.  406.)  In 


Fig.  402. — Cicatrix  Extending  from  the  Moutli   to    the  Umbilicus.     Condition  of   tlie  parts  after  the 
transfer  of  flaps  from  the  anterior  surface  of  each  arm  to  the  front  of  the  neck.     (Original.) 

those  terrible  contractions  of  the  neck  which  follow  burns  and  scalds,  the  surgeon 
usually  has  to  utilize  whatever  sound  skin  is  left,  whether  it  be  on  the  chest, 
back,  or  arms.  (Figs.  401  to  403.)  Under  no  circumstances  should  the  vitality 
of  a  flap  be  jeopardized  by  too  great  a  desire  to  close  the  secondary  gap.  It  is 
wise  to  correct  any  deformities  of  bones  or  muscles  after  the  defects  in  the  skin 
are  corrected.     (Fig.  404.) 

The  Scalp. — In  closing  a  gap  l(>ft  through  the  loss  of  part  of  the  scalp,  Till- 
manns  has  suggested  turning  into  the  defect  three  or  four  ribbons  of  skin  taken 
from  the  sides.    The  operation  is  as  if  portions  of  thei-im  of  a  wheel  were  turned 
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in  and  united  at  the  hub  to  form  spokes.  Thus,  a  large  gap  is  subdivided  into 
several  smaller  ones.  This  gives  additional  edges  from  which  new  epidermis  may 
spread  out  to  cover  in  the  exposed  area.  The  pedicles  of  the  flaps  should  be 
equidistant  from  each  other.  The  free  ends  should  be  sutured  together.  (Fig. 
405.)  Among  the  operations  described  for  the  repair  of  the  upper  lip  is  that  of 
Senn,  who  lowered  a  part  of  the  scalp  to  close  an  enormous  defect  in  the  face 
exactly  as  the  visor  of  a  helmet  is  lowered.  In  an  exactly  similar  manner 
portions  of  the  scalp  may  be  transferred  to  fill  defects  m  other  parts.     Tlie 


Fig.  403. — Lateral  View  of  Same  Patient  as  Preceding.  Taken  at  Same  Time. 


flaps  may  be  left  attached  at  each  end  and  may  be  slid  forward,  backward, 
or  sidewise.  In  this  manner  one  lai^er  may  be  di\ided  into  several  smaller 
defects,  thus  gi^^llg  additional  borders  from  which  new  epithelium  may  spread 
out.  An  area  of  exj^osed  bone  may  similarly  be  covered  by  a  flap  of  skin  which 
does  not  include  the  underlying  periosteum.  In  this  manner  necrosis  of  bone 
may  often  be  prevented.  In  the  same  way  a  primary  defect  may  be  clostxl  by 
creating  a  secondary  defect  in  a  less  conspicuous  position.  A  primary  defect 
also  may  l)e  closed  by  creating  a  secondary  defect  in  a  place  where  it  in  time 
may  be  closed  by  turning  in  flaps  from  other  parts  in  accordance  with  routine 
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methods.     In  extensive  loss  of  substance  of  the  scalp,  rei)air  has  been  effected 
by  a  patient  and  repeated  application  of  Thiersch  grafts. 

The  Hands. — The  various  congenital  malformations  of  the  hand  belong  more 
properly  to  the  realm  of  orthopedic  than  to  that  of  plastic  surgery.     But  there 


Fig.  404. — Cicatricial  rontraction  Extending  from  Heel  to  Buttock  Cau.sing  Bowing  of  tlie  'i'ibia  ami 
Femur  as  Well  as  Flexion  of  the  Knee. 

is  no  branch  of  plastic  surgery  which  is  more  important  than  tliat  which  deals 
with  preserving  and  restoring  the  usefulness  of  the  hand  after  injury.     The 


I'^io.  405. — Tillmans'  Method  of  Bridging  Across  a  Defect  in  the  Scalp.  From  around  tlie  borders 
of  the  defect  in  the  scalp  (shaded  area)  four  flaps  are  cut.  The  free  ends  (1,  2,  3,  and  4)  all  lie  in 
one  direction.  The  free  end  of  each  flap  reaches  nearl}'  to  the  pedicle  of  the  next  flap.  The  dotted 
lines  indicate  the  manner  in  which  the  flaps  may  be  turned  into  the  centre  and  united  (]',  2',  3',  4'). 
Thus  in  place  of  one  large  defect  four  smaller  defects  are  created. 
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chief  injuries  with  which  the  surgeon  has  to  deal  are  those  due  to  explosions,  to 
crushing,  or  to  burns  and  scalds.  Oftentimes  there  is  a  combination  of  crushing 
and  burning,  as  in  the  frequent  accidents  occurring  in  laundiy  mangles. 

One  must  not  be  content  with  the  correction  of  deformities  after  they  are 
developed.  It  is  of  the  utmost  importance  that  every  ix)ssible  portion  of  the 
hands  and  fingei-s  be  preserved.  The  surgeon  who  amputates  a  finger  because 
the  skin  is  bm-ned  or  crushed  has  not  done  his  duty  to  his  patient  unless  he  has 


Fig.  406. — Abdominal  Flap  Transferred  to  the  Forearm.     Thumb  Destroyed. 


considered  most  carefully  whether  it  might  not  be  possible  to  preserve  the  part 
by  covering  it  with  skin  from  another  region  of  the  body. 

In  plastic  restoration  of  the  haml  the  most  valuable  procedure,  one  far  too 
seldom  used,  is  an  adaptation  of  the  Italian  method  of  fixing  the  part  to  the 
skin  of  another  portion  of  the  body,  and  then,  after  an  interval,  severing  this 
flap.  The  method  is  not  as  easily  applied  to  any  other  portion  of  the  body  as  to 
the  hand,  forearm,  and  arm.  It  is  a  very  easy  matter,  and  a  cause  of  comparatively 
slight  discomfort,  to  fix  the  hand  or  fingei"s  to  a  portion  of  the  skin  of  the  abdo- 
men or  chest.  Certain  general  rules  may  be  laid  down  with  reference  to  the  trans- 
fer of  abdominal  or  thoracic  flaps  to  the  hand  or  arm.     Thus,  for  example: 

All  deep  scar  tissue  should  be  dissected  away. 

All  resistance  to  complete  unfolding  of  the  hand  should  be  overcome. 

As  far  as  possible,  the  edges  of  the  skin  which  is  left  should  be  free  from  scar 
tissue. 
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Fig.  407. — Coiitractetl  and  Immovable  Hand  after 
Cicatricial  Contraction  Due  to  Burns  in  a  Mangle. 


Any  preliminary  work  upon  the  hand  may  well  be  done  under  the  control  of  a 
tourniquet. 

The  incisions  to  free  the  flap  and  to  fit  it  to  the  denuded  surface  must  be 
accurately  patterned,  with  allowance  of  about  a  fourth  for  shrinkage.     This 

may  easily  be  done  by  placing  the 
supinated  hand  if  the  defect  is  in 
the  palm,  or  pronated  if  it  is  on 
the  back,  just  below  the  area  from 
which  the  flap  is  to  be  raised. 

The  flap  should  include  about  1 
cm.  (f  in.)  of  subcutaneous  fat. 
More  than  this  is  objectionable  in 
appearance  and  is  not  needed  for 
maintaining  the  nutrition  unless  the 
area  freed  is  exceptionally  large  in 
extent. 

Suppuration  is  practically  inev- 
itable on  account  of  the  impossi- 
bility of  properly  dressing  portions 
of  the  denuded  area. 

On  account  of  the  probable  sup- 
puration, no  plastic  work  on  bones, 
joints,  or  tendons  should  be  under- 
taken at  the  time  of  the  operation 
on  the  skin. 

The  free  borders  of  the  flaps 
should  be  stitched  to  the  skin,  at 
the  borders  of  the  area  to  be  filled, 
with  the  greatest  possible  accuracy, 
in  order  to  secure  primary  union  and 
to  minimize  scar-tissue  formation. 

The  pedicle,  still  attached  to  its 
base,  may  be  approximated  by 
quilted  sutures  to  the  opposite  edge 
of  the  gap  on  the  chest  or  abdo- 
men. These  quilted  sutures  must 
not  be  so  tight  as  to  interfere  with 
the  circulation  of  the  flap.  They 
should  be  introduced  exactly  along 
the  line  at  which  the  attached  bor- 
der is  to  be  severed  later.     Under 

Fig.  409.— Same  Hand  with  Fingers  Flexed.  nO  cirCUmstanCCS  should  thcSC  SUt- 


liG.  408.- 


Same  Hand  with  Fingers   Extended  after 
Transfer  of  Abdominal  Flap. 
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iires  come  within  the  area  to  be  cut  free  later.  If  they  are  not  originally 
placed  ^^  ith  care,  it  is  difficult  to  judge  at  the  second  operation  along  just  what 
line  the  flap  is  to  be  freed. 

As  far  as  jwssible  the  comers  of  the  thoracic  or  abdominal  wound  should  be 
approximated  at  the  first  operation,  in  order  to  minimize  the  area  left  un- 
covered. 

At  the  second  operation  the  condition  of  the  wound  is  usually  such  that 
accurate  suturing  of  the  flaps,  either  on  the  alxlomen  or  on  the  hand,  is 
inadvisable. 

The  area  from  which  to  cut  the  flap  should  be  selected  chiefly  with  reference 
to  an  easy  position  of  the  arm  when  fixed  to  the  side  during  repair. 

The  flap  may  be  attached  above,  below,  or  at  the  side,  or  it  may  form  a 
bridge,  being  left  attached  at  both  ends. 

The  flap  should,  if  possible,  not  cross  the  median  line  of  the  body.     Xor 
should  dependence  be  jjlaced  on  the  nu- 
trition of  the  flap  if  the  only  vessels  left 
intact  cross  the  median  line. 

An  interval  of  from  fourteen  to 
twenty  days  should  elapse  between  the 
two  operations. 

The  earlier  after  the  original  injury 
the  plastic  operation  is  performed  the 
better  is  the  functional  result  to  be  ex- 
pected. It  is  often  unnecessary-  to  wait 
for  cicatrization  after  the  original  in- 
jiuy.  The  operation  may  be  performed 
as  soon  as  the  line  of  demarcation  of  the 
gangrenous  tissue  appeal's,  or,  in  non- 
gangrenous  cases,  as  soon  as  the  primary 
inflammation  has  subsided. 

The  entire  extremity  should  be  fixed 
to  the  body  by  a  plaster-of-Paris  band- 
age. This  should  not  be  removed  until 
the  patient  is  fully  anaesthetized  for  the 
second  operation,  and  then  the  utmost  care  is  necessaiy  lest  the  flap  be  torn  free. 

Restoring  a  Lost  Thumb. — Nicoladoni*  has  devised  a  most  ingenious  op- 
eration for  replacing  a  lost  thumb.  (Fig.  410.)  lie  substitutes  the  second  toe  of 
the  same  side  for  the  missing  thumb.  The  transfer  is  done  in  two  operations. 
At  the  first  he  makes  a  wide  flap  on  the  dorsum  of  the  foot  and  unites  the  fii-st 
phalanx  of  the  toe  to  what  remains  of  the  first  phalanx  or  metacarpal  of  the  thumb 
with  a  silver-wire  sutm-e.     The  flap  from  the  dorsum  of  the  foot  is  sutiu-ed  accu- 

*  Archiv  f.  kUn.  Chir..  Bd.  Ixix.,  Hft.  3. 


Fig.  410. — Substitution  of  Second  Toe  for  Lost 
Tliumb.     (After  Nicoladoni.) 
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lately  to  the  outer  aspect  of  the  skin  at  the  base  of  the  thumb.  In  Nicoladoni's 
cases  bony  union  had  occurred  in  about  sixteen  or  eighteen  days.  At  that  time  the 
flap  at  the  plantar  surface  was  severed  and  sewed  into  the  angle  of  the  thumb. 
In  his  two  cases  the  nutrition  became  sufficiently  established  to  prevent  slough- 
ing after  the  toe  was  completely  severed  from  the  foot.  In  neither  of  them 
was  he  able  to  secure  good  motion  in  the  thumb.  In  one  case  he  sutured  the  ten- 
don on  the  dorsal  surface  at  the  first  operation,  and  in  the  other  he  waited  until 
the  second  operation  before  suturing  the  tendons.  In  neither  case  was  free  use 
of  the  tendon  secured.  The  tendons  were  bound  up  in  the  scar  in  each  case. 
Although  this  lack  of  mobility  was  a  drawback,  yet  the  thumb  remained  fairly 
useful  because  of  the  motion  transmitted  to  it  through  the  muscles  which  ai'c  at- 
tached to  its  metacarpal  bone.  If,  owing  to  cicatricial  adhesions,  the  motion  se- 
cured is  so  sHght  as  to  be  of  little  use,  Nicoladoni  suggests  that  it  might  be  easily 
possible  to  free  the  tendon  and  cover  in  the  wound,  left  after  the  excision  of  the 
scar  tissue,  with  a  flap  from  the  chest.  When  the  operation  is  done  in  child- 
hood the  nutrition  of  the  new  thumb  is  not  sufficient  to  insure  full  growth.  Ap- 
parently the  disturbance  is  chiefly  in  the  epii)hyseal  line.  The  length  of  the 
thumb  is  deficient,  but  it  grows  in  breadth  and  thickness.  This  method  of  sup- 
plying the  thumb  is  to  be  preferred  to  that  of  transferring  pieces  of  the  tibia  and 
then  covering  them  with  a  flap  of  skin  from  another  part. 

In  cases  in  which  the  tendons  arc  more  or  less  destroyed,  the  possibility  of 
tendon  lengthening  b}^  Lange's  method  (Vol.  II.,  p.  415)  is  to  be  considered. 

WEnnEi)  Fingers.  Syxdactylls.m. — The  degree  of  the  deformity  varies  very 
greatly.  AA'hen  the  fingers  are  united  by  a  web  only  a  third  as  thick  as  the  diam- 
eter of  the  fingers,  and  broad  enough  to  allow  the  fingers  to  be  spread  apart  for 
a  third  of  their  diameter,  the  skin  can  be  united  without  tension  after  divis- 
ion of  the  web.  The  difficulty  of  bringing  the  edges  of  the  skin  together  in- 
creases as  the  web  is  thicker  and  narrower.  Unfortunately,  in  most  instances 
the  union  of  the  fingers  is  much  too  close  and  the  web  much  too  thick  to  permit 
ready  suture  of  the  skin  after  the  division  of  the  web.  In  fact,  in  many  instan- 
ces the  union  of  the  fingers  is  so  intimate  that  the  nails  are  fused,  while  in 
extreme  instances  the  phalanges  are  also  fused. 

It  must  be  recognized  at  once  that,  except  in  the  most  favorable  cases,  it 
is  unwise  to  attempt  to  separate  more  than  one  web  at  a  single  operation.  The 
amount  of  available  skin,  always  scanty,  is  often  insufficient  to  cover  the  denuded 
areas.  Time  allows  the  skin  covering  the  other  fingers  to  stretch  and  makes  the 
conditions  for  later  operations  more  favorable. 

Primary  union  is  always  to  be  desired  because  it  insures  against  cicatricial 
contraction  of  the  scar  and  subse(]uent  deformity  of  the  fingers.  In  case  pri- 
mary union  does  not  take  place  in  the  angle  between  the  fingers,  or  unless  a  sep- 
aration at  this  point  has  been  previously  established,  it  is  inevitable  that,  as 
healing  goes  on,  the  divided  web  will  to  a  certain  extent  reform.     Even  if  pre- 


PLASTIC  SURGERY 


635 


cautions  are  taken,  it  is  surprising  to  observe  how  frequently  a  web,  ajiparently 
sufficiently  separatetl,  will  tend  to  spread  down  between  the  fingers.  For  this 
reason  it  is  well  to  establish  the  new 
commissure  between  the  fingers  at  a 
point  somewhat  higher  than  is  normal. 
Several  methods  have  been  devised 
for  establishing  this  point  of  separation 
before  resorting  to  the  tUvision  of  the 
remainder  of  the  web.  One  procedure 
has  for  its  object  the  foraiation  of  a  per- 
manent cicatrized  fistula  between  the 
fingers  at  the  point  where  they  should 
separate.  The  risks  of  sepsis,  as  well 
as  the  prolongation  and  discomfort  of 
treatment  without  compensating  ad- 
vantages, condenm  the  methotl.  The 
ilesired  result  may  be  seemed  more  ad- 
vantageously by  stitching  a  triangidar 
flap  from  the  dorsum  of  the  web  to  the 
skin  of  the  palm  where  the  normal 
ix)int  of  separation  is  to  be  established. 
Neither  of  these  procediu-es  is  to  be  ad- 
vised.     Primaiy  union  of  well-formed 

flaps    is    the 

only  method  by  which  deformity  of  the  fingei^s  through 
contraction  of  the  scar  can  be  avoided. 

To  meet  th^e  conditions,  the  operation  vaiiously 
spoken  of  as  Nelaton's  or  Didot's — but  in  reaUty  first 
described  by  Diday — is  to  be  chosen.  (Figs.  411  and 
412.)  In  this  operation  a  flap  is  to  be  raised  from 
the  dorsal  surface  of  one  and  from  the  palmar  surface 
of  the  other  finger  of  the  two  to  be  separated.  The 
flaps  are  to  extend  from  the  apex  of  the  web  back- 
ward fuUy  as  far  as  the  location  of  the  normal  web. 
After  the  flaps  are  raised,  the  underlying  tissues  unit- 
ing the  fingers  are  to  be  divided.  In  doing  this,  the 
surgeon  should  begin  the  cut  at  the  tip  of  the  fingers 
and  should  carry  it  toward  the  hand.  With  care  to 
keep  exactly  in  the  middle  line  between  the  fingers 
there  is  little  danger  of  cutting  the  vessels  which 
are  important  in  maintaining  the  circulation  and  in  preventing  sloughing 
of  the  flaps,  which  often  have  to  be  subjected  to  considerable  tension.    The 


Fig.  411. — Dida}''s  Oj)eration.  Diagram  il- 
lustrating the  incisions  on  the  dorsal  surface. 
The  incisions  on  the  palmar  surface  should  be 
exactlv  reversed. 


Fig.  412. — Diagram  Showing 
in  Cross-section  tlie  Manner  in 
which  the  Fingers  are  Sepa- 
rated in  Diday's  Operation. 
The  shaded  area  represents 
the  subcutaneous  fat  which 
must  be  removed  to  allow 
union  of  tlie  skin  around  tlie 
separated  fingers. 
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flap  from  each  finger  is  thus  left  attached  to  the  adjacent  finger  and  is  to  be 
sutured  carefully  into  place. 

Even  in  cases  in  which,  before  division,  there  seemed  abundant  skin,  it  is 
common  to  find  the  flaps  subjected  to  considerable  and  possibly  dangerous 
tension.  Under  these  conditions  one  must  cautiously  dissect  away  the  su- 
perfluous fat  from  the  exposed  sides  of  the  fingers,  care  being  taken  to  avoid 
cutting  away  enough  tissue  to  interfere  with  the  vitality  of  the  flaps.  The  ves- 
sels and  nerves  ought  to  be  spared. 

Diday's  operation  is  always  to  be  selected  except  in  the  rare  cases  in  which 
the  web  is  so  thin  and  so  broad  as  to  allow  suture  of  the  surfaces  after  direct 
division  without  flap  formation.  One  must  remember,  however,  that  Diday's 
operation  does  not  add  one  jot  to  the  amount  of  available  skin.  If  the  skin  is 
deficient  it  merely  transfers  the  line  of  the  scar  from  the  sides  of  the  finger  to  the 
dorsal  or  palmar  surface. 

If,  at  the  first  operation,  one  finger  is  separated  from  two  or  more,  it  is  wise 
to  fashion  the  flaps  in  such  a  manner  that  the  one  left  for  the  separated  finger 
shall  be  broader  than  that  left  on  the  several  united  fingers.  The  opportunity 
for  stretching  the  skin  is  greater  the  more  fingers  it  covers. 

When  the  fingers  are  placed  so  close  together  as  not  to  permit  their  separa- 
tion with  sufficient  tissue  to  cover  in  the  raw  surfaces,  one  should  carefully  con- 
sider the  advisability  of  securing  additional  skin  by  means  of  abdominal  flaps. 
It  is  of  such  prime  importance  to  secure  useful  flngers  that  any  reasonable 


Fig.  413. — Diagram  Uhistrating  a  Way  in  which  the  Skin  May  be  Utihzed  to  Cover  Two  Fingers 
Completely,  this  procedure  leaving  on  two  fingers  that  are  still  united  a  large  area,  A  D  C,  which 
will  have  to  be  covered  with  a  flap  from  the  abdomen.  Enough  skin  must  be  supplied  to  fill  the  extra 
denuded  area  left  when  the  two  fingers  are  separated. 

measures  should  be  taken  to  pievent  their  being  stiffened  or  deformed  or  their 
nutrition  and  growth  impaired  in  any  way  by  scar  tissue.  The  use  of  an  abdom- 
inal flap  is  certainly  far  preferable  to  the  excision  of  the  bones  of  one  finger 
in  order  to  secure  sufficient  skin  to  cover  the  others,  unless  of  course  these  are 
supernumerary  fingers.  The  method  of  attaching  the  abdominal  flap  would  be 
similar  to  that  described  for  restoration  of  the  skin  of  the  hand.     (Fig.  413.) 
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The  Face. — As  a  very  large  proportion  of  all  plastic  operations  ai-e  done 
upon  the  face,  it  is  fortimate  that  in  this  locality  there  are  many  favoring  con- 
ditions. The  free  blood  supply  of  the  face  favors  prompt  healing  and  tends 
to  prevent  septic  infection  of  the  wounds.  Another  advantage  lies  in  the  ease 
with  which  flaps  maj'  be  transferred  without  fear  of  sloughing.  Yet,  in  spite 
of  the  vascularity  of  the  face,  ligation  of  vessels  is  seldom  necessaiy.  This  is 
advantageous  in  that  it  avoids  the  introduction  of  a  foreign  body  within  the 
wound. 

In  planning  flaps,  it  is  important,  where  possible,  to  have  incisions  and  con- 
sequently scars  follow  the  natural  folds  in  the  skin.  Thus,  scars  in  the  naso- 
labial fold,  in  the  angle  between  the  nose  and  cheek,  and  in  the  fold  that  reaches 
down  from  the  ala  outside  the  mouth,  are  relatively  inconspicuous.  Scars  on 
the  forehead,  unless  concealed  by  the  hair  or  eyebrows,  are  most  conspicuous. 
Marked  deformity  must  inevitably  follow  any  operation  which  involves  cut- 
ting any  fibres  of  the  facial  ner\e.  Therefore,  in  making  incisions  on  the  cheek 
the  course  of  these  fibres,  as  well  as  the  course  of  Steno's  duct,  must  be  kept 
constantly  in  mind. 

The  skin  of  the  forehead,  the  temples,  and  the  eyelids  is  thin,  lax,  and  freely 
movable.  It  is  thus,  indeed,  ver}-  well  suited  for  plastic  operations.  That 
of  the  cheek,  being  thicker  and  more  adherent  to  the  underhdng  tissues,  is  there- 
fore less  suitable,  while  the  skin  from  the  neck  contracts  so  much  as  to  lose  a 
large  part  of  its  value.  Scai*  tissue  involving  the  whole  thickness  of  the  skin 
in  a  flap  greatly  endangers  its  vitality.  Awhile  the  flap  is  being  dissected  it  is  very 
important  that  the  tissues  should  not  be  pulled  out  of  shape.  Where  possible, 
the  pedicle  should  be  left  at  a  point  where  it  is  likely  to  contain  large  blood- 
vessels. It  may  then  be  narrower,  and  the  narrower  the  pedicle  the  more  easily 
it  is  swung  into  position  and  the  less  the  deformity  produced  by  change  in  posi- 
tion. Gersuny  first  utilized  flaps  with  a  pedicle  of  subcutaneous  tissue  alone. 
This  has  proved  to  be  a  most  important  step  in  closing  defects  in  the  mucous 
membrane.  By  this  means  a  flap  may  be  folded  into  position  through  a  slit 
cut  in  the  skin.  Monks  has  use<I  flaps  nourished  only  by  important  blood- 
vessels dissected  free  from  the  surrounding  parts. 

As  a  general  rule,  curved  incisions  are  always  to  be  preferred  to  straight 
incisions.  Thus,  it  is  always  of  great  assistance  in  turning  a  pedicle  to  pro- 
long the  incision  on  the  convex  side  in  a  slight  cm-ve. 

Great  accuracy  of  apposition  in  suturing  is  always  important.  The  more 
accurate  the  apposition  the  less  the  stretching  of  the  scar.  Pliable  sutures  are 
to  be  preferred  to  stiff  sutures,  and  sutures  which  have  no  capillary  meshwork 
are  to  be  preferred  to  those  which  have. 

It  is  important,  in  order  to  prevent  spreading  of  the  scar,  that  the  layere  of 
fascia  under  the  skin  be  firmly  united.  This  cannot  weU  be  done  \N"ith  a  sub- 
cutaneous stitch,  which  therefore  should  be  used  onlv  in  those  cases  in  which 
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there  is  no  tension  on  the  flaps.  A  subcutaneous  stitch  should  never  be  used  in 
those  cases  in  which  infection  may  occur.  Thus,  for  example,  it  should  not  be 
used  in  operations  in  which  the  mouth  has  been  involved.  As  far  as  possible  all 
gaps  which  are  formed  by  the  removal  of  flaps  should  be  united  by  a  suture  at 
the  time  of  the  operation,  or,  if  this  cannot  be  done,  should  be  closed  by  Thiersch 
grafts  at  the  time.  Unless  it  is  absolutely  unavoidable,  no  areas  should  be  left 
to  heal  by  gi'anulation.  It  is  extremely  im})ortant  that  under  no  circumstances 
should  the  pedicle  of  a  flap  be  put  under  the  slightest  tension  or  compression. 
This  may  happen  unless  care  be  used  in  suturing  the  gap  left  by  the  removal 
of  the  flap. 

The  mucous  membrane,  as  well  as  the  skin,  often  re({uires  a  suture.  For- 
tunately, in  many  cases  in  which  mucous  membrane  has  been  destroyed,  flaps 
of  skin  may  be  substituted,  but  no  hairy  surface  of  skin  should  ever  be  turned 
into  the  mouth. 

It  is  important  above  all  else  to  maintain  the  general  contour  and  symmetry 
of  the  two  sides  of  the  face.  The  utmost  care  should  be  taken  to  prevent  ten- 
sion of  the  flaps  from  pulling  the  eyelids  or  lips  out  of  place.  As  far  as  is  con- 
sistent with  other  requirements  the  minimum  of  tissues  should  be  destroyed, 
and  incisions  should  be  as  short  and  simple  as  possible.  In  certain  branches  of 
plastic  work  temporary  osteoplastic  resections  and  temporary  i)lastic  resections 
of  the  nose  are  of  the  utmost  value. 

Sensory  nerve  conduction  is  re-established  very  promptly  in  plastic  operations. 
There  is  always  a  tendency  for  any  projections  of  skin  left  after  a  plastic  opera- 
tion to  flatten  out.  This  is  a  most  important  aid  to  the  surgeon  in  the  spon- 
taneous correction  of  any  irregularity  which  may  be  left  after  plastic  operations, 
but,  on  the  other  hand,  it  is  fatal  to  the  success  of  many  operations  which  are  in- 
tended to  create  any  prominence  such  as  is  aimed  at  in  rhinoplastic  operations 
and  in  operations  intended  to  build  up  defects  in  the  ear. 

While  no  definite  line  can  be  drawn  as  to  the  extent  to  which  minor  cosmetic 
operations  should  be  undertaken,  and  although  the  risk  is  trifling,  yet  one  must 
remember  that  there  are  risks  in  any  operation.  It  is  especially  important  that 
the  immediate  dangers  and  the  remote  unsatisfactory  after-efi'ects  of  paraffin 
injections  should  always  be  kept  in  mind.  The  frcciuent  urging  on  the  part  of 
patients  to  have  some  cosmetic  operation  performed,  should  never  be  allowed  to 
override  the  conscience  of  the  surgeon.  It  is  also  wise  not  to  encourage  expec- 
tations, on  the  part  of  the  patient  or  friends,  that  are  inconsistent  with  the 
influence  of  the  obstacles  to  be  overcome.  It  should  not  be  forgotten  that 
complaisant  co-operation,  on  the  part  of  the  surgeon,  with  the  irrational  antici- 
pations or  morbid  imaginings  of  a  patient  are  apt  to  be  disappointing  to  all 
concerned,  providing  for  common  observation  an  exhibit  which  is  likely  for  a 
long  time  to  annoy  the  patient  and  torment  the  surgeon. 

Meloplasty. — Mcloplasty,  or  reparative  surgery  of  the  cheek,  is  necessary 
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after  the  removal  of  new  growths,  after  destruction  by  accident  or  disease,  for 
the  closure  of  congenital  defects,  and  to  remedy  cicatricial  lockjaw. 

In  plastic  operations  upon  the  cheek,  the  surgeon  meets  the  difficulty  of 
providing  an  inner  mucous  as  well  as  an  outer  cutaneous  surface.  In  many 
cases,  also,  as  a  result  of  cicatricial  contraction,  there  is  an  ankylosis  of  the  jaw 
of  greater  or  less  extent.  The  choice  of  the  metho<l  of  operation,  therefore, 
must  depend  gi'eatly  on  the  extent  of  the  destruction  of  the  external  and  inter- 
nal sm'faccs,  and  on  the  mobility  of  the  jaw. 

Defects  which  involve  the  skin  and  subcutaneous  tissues  may,  if  small,  be 
closed  by  undermining  the  edges  and  suturing  them  together.  Larger  superficial 
defects  are  best  closed  by  means  of  skin  giafts.  Sometimes,  however,  flajjs  had 
better  be  turned  in  from  some  neighboring  part.  .  A\'here  a  flap  is  tumetl  in,  it 
had  better  come  from  behind  the  gap,  but,  in  cases  in  which  the  skin  is  insuffi- 
cient, the  flaps  may  be  taken  from  the  lower  jaw  or  from  the  neck.  In  de- 
termining the  position  from  which  the  flap  shall  be  taken,  much  must  depend 
upon  the  condition  of  the  skin  about  the  lips  and  eyelids.  Above  aU  else  it  is 
essential  that  the  e}'elids  shall  not  be  drawn  upon  in  such  a  way  as  to  cause 
ectropion,  and,  if  it  is  possible,  the  moutK should  Ix'  left  undisturbed,  or,  if  di.s- 
turbed,  should  be  restored  later  to  its  normal  condition.  Any  deformity  of  the 
mouth  is  always  most  conspicuous. 

In  those  instances  in  which  the  loss  of  substance  is  in  the  mucous  membrane 
alone  antl  is  not  too  extensive,  and  in  which  the  mucous  membrane  else\Ahere  is 
sound,  it  is  best,  when  such  a  course  is  practicable,  to  take  the  flaps  needetl  for 
repairing  the  defect  from  either  the  upper  ^r  the  lower  lip. 

The  mucous  membrane  from  the  hai-d  palate  may  be  utilized  to  fiU  in  gaps 
of  moderate  extent  in  the  mucous  membrane  of  the  cheek.  A  flap  can  be  made 
with  a  pedicle  that  is  placed  posteriorly  and  that  therefore  may  be  swung  out- 
ward into  the  cheek  through  the  gap  behind  the  teeth.  A  procedure  of  this  sort 
may  be  useful  in  those  veiy  rare  cases  in  which  ankylosis  of  the  jaw  has  resultetl 
from  cicatrices  situated  far  back  in  the  cheek.  The  risk  of  sloughing  in  such  a 
flap  is  considerable. 

Willard  Bartlett  *  has  recently  reported  an  ingenious  use  of  the  tongue  for 
filling  a  gap  in  the  inner  surface  of  the  cheek  in  a  patient  in  whom  the  teeth,  on 
the  side  involved,  had  been  previously  lost.  The  tongue  was  split  longitudinally 
along  its  lateral  bonier.  The  upper  half  was  sutured  to  the  upper  border  of  the 
defect  in  the  mucous  membrane  of  the  cheek,  and  the  lower  jiortion  to  the  lower 
border.  The  operation,  of  course,  reciuires  the  removal  of  any  teeth  that  may 
be  on  the  side  of  the  operation,  but  it  is  not  essential  that  the  teeth  should 
have  been  previously  lost.  The  mobility  of  the  tongue  is  so  gi-eat  that  the 
fixation  of  one  side  to  the  inner  surface  of  the  cheek  does  not  impair  its  useful- 
ness. 

*  Annals  of  Surgery,  xlv.,  p.  573. 
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Fortunately,  in  defects  of  the  cheek,  when  sufficient  mucous  membrane  is 
lacking,  flaps  of  skin  may  be  turned  in  and  utilized.  Although  in  time  the  charac- 
ter of  the  skin  will  change  materially  and  will  come  to  resemble  mucous  mem- 
brane in  many  respects,  one  must  remember  that  hair  continues  to  grow  on  the 
inturned  surface.  Therefore,  no  part  of  the  bearded  face  should  ever  be  thus 
used,  unless  measures  have  previously  been  taken  to  destroy  the  hair. 

Various  methods  have  been  proposed  by  which  deficiencies  in  the  mucous 
membrane  may  be  filled  by  flaps  of  skin  passed  through  a  slit  cut  into  the  mouth 
as  well  as  under  flaps  which  have  been  temporarily  reflected.  Rotter  has 
proposed  introducing  a  flap  through  a  slit  at  the  anterior  edge  of  the  masseter. 
Bardenhauer  has  proposed  introducing  a  flap  of  skin  from  the  forehead  or  arm 
through  a  slit  extending  from  the  ala  nasi  to  the  malar  bone.  Roberts  ("De- 
formities of  the  Face,"  p.  34)  has  suggested  inverting  a  flap  of  skin  from  the  neck 

through  a  slit  into  the  mouth  at  the 
margin  of  the  lower  jaw.  The  proced- 
ure of  Shrady  has  already  been  de- 
scribed (see  page  618). 

The  Operation  of  Gersuny. — This 
operation  is  one  in  which  deficient  mu- 
cous membrane  is  supplied  by  skin 
folded  up  from  the  neck.  It  is  peculiar 
in  that  the  pedicle  consists  of  subcuta- 
neous tissue  only.  While  this  fact  ena- 
bles the  surgeon  to  complete  the  opera- 
tion at  one  sitting,  the  nutrition  of  the 
flap  is  so  precarious  as  to  make  the  op- 
eration unreliable.  An  incision  is  car- 
ried downward  from  the  corner  of  the 
mouth  to  the  border  of  the  lower  jaw, 
and  then  extended  backward  to  the  edge 
of  the  masseter.  The  flap  thus  formed 
is  separated  from  the  jaw  and  held 
upward.  Any  cicatricial  tissue  in  the 
mucous  membrane  may  be  divided,  or  a 
tumor  removed.  The  resulting  gap  is  to 
be  filled  by  turning  a  second  flap  of  ap- 
The  pedicle  of  this  flap  includes  the  sub- 
cutaneous tissues  and  periosteum  along  the  margin  of  the  jaw.  In  order  that  the 
flap  may  be  raised  up  into  place,  it  is  usually  necessary  to  cut  the  periosteum 
along  the  margin  of  the  jaw  and  free  it  somewhat.  The  flap  is  then  sutured  to 
the  edges  of  the  gap  in  the  mucous  membrane.  The  first  flap  is  turned  down 
agam  and  sutured  in  its  original  position.     (Fig.  414.) 


Fig.  414. — Gersimy's  Operation.  The  flap 
A  BC  is  reflected  from  the  jaw.  The  second 
flap,  D  E  F  G  is  then  cut  of  proper  size  to  fill 
any  gap  that  may  exist  in  the  mucous  mem- 
brane of  the  cheek.  This  flap  is  to  be  folded 
up,  the  subcutaneous  tissue  along  the  line 
DE  being  the  pedicle.  The  flap  A  B  C  is  then 
to  be  replaced. 

propriate  size  upward  from  the  neck. 
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The  cutting  of  the  second  flap  gives  admirable  access  to  the  submaxillary 
IjTnph  nodes.  The  gap  in  the  neck  may  be  closed  by  direct  suture,  by  appro- 
priate flaps,  or  by  Thiersch  gi-afts. 

Ob\4ously  in  men  the  operation  is  undesirable  because  a  bearded  portion 
of  the  neck  would  be  turned  into  the  mouth. 

Numerous  similar  methods  have  been  suggested.  Eiselberg  has  taken  skin 
from  a  beardless  portion  of  the  cheek.  The  hairless  portion  of  the  neck  may 
also  be  used,  and  thus  a  scar  on  the  face  may  be  avoided. 

In  those  cases  in  which  the  whole  thickness  of  the  cheek  has  been  destroyed, 
ankylosis  of  the  jaws  is  usual,  but  there  are  a  few  instances  in  which  the  mobility 
is  not  impaired. 

In  repairing  many  of  the  minor  defects  invohing  the  entire  thickness  of  the 
cheek,  direct  union  of  the  refreshed  edges  of  the  gap  is  possible.  This  is  true 
especially  of  the  rare  congenital  fissures  of  the  face,  and  it  may  also  be  true  of 
certain  minor  destructive  changes. 

When  direct  union  is  impossible,  flaps  must  be  used.  When  the  loss  is  not 
too  great,  pedunculated  flaps  may  be  formed  from  the  upper  part  of  the  cheek 
and  from  the  side  of  the  lower  jaw, 
and  these  can  be  slid  together  and  ap- 
proximated. This  method  of  gliding 
flaps  is  best  when  it  can  be  used.  It 
has  the  great  advantage  of  using  flaps 
which  have  ahead}'  a  mucous  as  well  as 
a  cutaneous  surface.     (See  Fig.  415.) 

However  the  defect  may  be  closed, 
it  is  of  great  importance  that  the  mu- 
cous and  cutaneous  surfaces  should  be 
thoroughly  separated  down  to  sound 
tissue.  If  this  is  not  done,  union  is  less 
perfect,  and  the  scar  is  likely  to  be 
depressed. 

If  for  any  reason  pedunculated 
flaps  cannot  be  taken,  the  gap  may  be 
filled  by  reflecting  a  flap  of  skin  from 
over  the  masseter,  ^^-ith  its  base  near 
the  defect.    Or  a  flap  may  be  turned 

up  from  unmediately  below  the  defect,  as  in  Kraske's  method.  As  much 
subcutaneous  fat  as  is  possible  should  be  taken  with  the  flap,  but  care  is  re- 
quhed  if  injur}'  to  the  facial  nerve  is  to  be  avoided.  The  skin  must  be  sutured 
ver>'  carefully  to  the  refreshed  mucous  membrane  at  the  sides  of  the  ca\'ity. 
In  cutting  the  flap,  the  pedicle  may  be  left  a  short  distance  away  from  the  bor- 
der of  the  gap  to  be  filled.     If  this  is  done,  a  reflected  portion  of  skin  is  in- 

VOL.  IV.— 41 


Fig.  415. — Union  by  Flaps  from  Upper  Part  of 
Cheek  and  Lower  Jaw. 
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eluded  in  the  pedicle,  and  to  this  extent  the  nutrition  of  the  flap  is  assured. 
Kraske,  however,  has  carried  the  incisions  which  free  the  edges  close  up  to  the 
defect,  and  has  undermined  the  flap  to  within  about  a  centimeter  (f  in.)  of 
the  edge  of  the  defect.     In  this  manner  the  nutrition  of  the  flap  is  maintained 

through  the  subcutaneous  tissue  only. 
The  conditions  in  each  case  must  govern 
the  surgeon  in  determining  what  his 
procedure  shall  be.  In  cases  in 
which  there  is  much  scar  tissue  about 
the  edges  of  the  gap,  the  method  of 
Kraske  involves  considerable  risk  of 
loss  of  the  entire  flap.  If  there  is 
doubt,  it  is  much  wiser  to  leave  a  little 
bridge  of  skin.  This  is  cut  across  at 
the  end  of  about  three  weeks,  and 
there  are  thus  left  to  be  filled  two 
areas,  each  the  size  of  the  flap,  separat- 
ed by  a  narrow  strip  of  skin. 

In  either  case  there  are  left  raw 
external  surfaces  that  are  twice  the  size 
of  the  flap;  and  these  may  be  grafted 
or  filled  by  secondary  flaps  at  once  or 
later,  according  to  the  necessities  of 
the  case.  The  raw  surface  may  often  be  closed  satisfactorily  by  making  a 
curved  incision  downward  and  backward  under  the  jaw  from  the  anterior 
edge  of  the  original  flap  after  it  has  been  turned  into  position.  Thus  the 
skin  may  be  undermined  and  slid  upward  into  position  to  cover  the  raw 
surface.      (Fig.  416.) 

Gussenbauer's  Operation. — In  cases  with  a  relatively  small  defect  in  the 
cheek,  but  with  ankylosis  of  the  jaw,  the  operation  of  Gussenbauer  is  useful. 
This  operation  is  done  in  stages.  At  the  first  operation  a  trapezoidal  flap  of 
skin  about  4  cm.  (If  in.)  broad  anteriorly  and  6  cm.  (2|  in.)  posteriorly  is  cut 
out  on  the  cheek.  The  flap  is  dissected  from  the  corner  of  the  mouth  backward 
to  the  masseter  muscle.  It  is  left  attached  there  by  the  broad  pedicle.  (Fig. 
417.)  The  deeper  cicatricial  surface  of  the  cheek  is  then  divided  by  a  single  in- 
cision directly  backward  from  the  corner  of  the  mouth  to  the  masseter  mus- 
cle. Then  the  mouth  may  be  opened.  The  flap  of  skin  is  then  folded  in  so 
that  its  anterior  border  may  be  sutured  to  the  mucous  membrane  at  the  edge 
of  the  masseter  at  the  end  of  the  horizontal  incision. 

At  the  second  operation,  performed  after  the  lapse  of  four  weeks,  the  pedicle 
of  the  flap  is  cut  across  and  the  external  surface  is  folded  inward  to  line  the 
cheek  at  the  corner  of  the  mouth.    The  cicatricial  bands,  which  were  cut  across 


Fig.  416. — Kraske's  Operation.     The  flap  A  is 
folded  up  into  the  defect. 
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to  permit  the  opening  of  the  jaw,  may  be  reflected  to  form  new  gums  for  the 
upper  and  lower  jaws. 

At  a  third  operation  the  raw  external  surface  of  the  first  flap  may  be  covered 
in  by  turning  up  a  flap  from  the  bor-  ^ 

der  of  the  lower  jaw. 

A  large  defect  in  the  cheek,  with  ht- 
tle  sound  skin  and  with  complete  closure 
of  the  jaws,  makes  a  condition  most 
diflicult  to  remedy.  The  cicatrix 
which  fixes  the  jaw  must  first  be  di- 
vided so  that  the  mouth  can  be  freely 
opened. 

In  restoring  the  cheek  it  is  essential 
to  provide  against  such  shrinkage  o^ 
the  flaps  as  may  lead  to  fresh  anky- 
losis of  the  jaw.  This  requires  that 
neither  the  iimer  nor  the  outer  surface 
of  the  restored  cheek  be  left  exposed 
to  heal  by  granulation.  In  small  de- 
fects it  may  be  sufficient  to  have  the 
inner  surface  of  the  flap  covered  by 
Thiersch  grafts  before  it  is  fixed  in 
place.  But  for  large  areas,  this 
method  of  lining  the  inner  surface  of 
the  flap  may  not  prevent  undue  con- 
traction. On  the  other  hand,  the  external  surface  of  a  flap  which  has  been 
so  folded  that  the  skin  is  toward  the  mouth  may  be  covered  with  gi-afts  with 
much  less  risk  of  troublesome  contractions. 

Many  flap  operations  have  been  devised  for  filling  these  extensive  losses 
in  the  cheek.  The  choice  must  be  governed  by  the  conditions  which  happen 
to  be  present.  Flaps  taken  from  the  neck  shrink  more  than  those  taken 
from  the  face.  Although  many  operations  are  mentioned,  the  advisabiUty  of 
the  Italian  method  of  bringing  skin  from  the  arms  should  always  be  considered 
most  carefuUy. 

Czerny's  Operation. — A  flap  is  taken  from  behind  the  defect  in  the  cheek. 
The  pedicle  is  between  the  ear  and  the  zygoma;  the  tip  of  the  flap  extends  far 
downward  and  backward  over  the  sterno-mastoid.  (Fig.  418.)  The  flap 
should  be  relatively  thick.  Care  should  be  taken,  however,  not  to  wound  the 
branches  of  the  facial  nerve  just  below  the  pedicle.  The  flap  should  be  long 
enough  to  allow  the  rounded  tip  to  be  folded  back  on  to  the  main  body  of  the 
flap  and  sutwed  to  the  mucous  membrane  at  the  edges  of  the  defect.  If 
planned  carefully,  this  tip,  which  is  to  be  turned  into  the  mouth,  may  be  taken 


Fig.  417. — Operation  of  Gussenbauer.  First 
stage:  The  solid  line  represents  the  incisions  in 
the  skin.  The  dotted  line  that  in  the  cicatricial 
mucous  membrane;  the  end  of  the  flap  of  skin  is 
folded  in  and  sutured  to  the  mucous  membrane 
when  the  mouth  is  opened,  a  to  a'  and  b  to  b'. 
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from  the  hairless  portion  of  the  neck  behind  the  lower  part  of  the  sterno- 
mastoid. 

Obviously,  a  secondary  operation  is  necessary  to  restore  the  corner  of  the 
mouth  and,  if  necessary,  to  excise  any  redundant  tissue  where  the  flap  was 
turned  upon  itself. 

Israel's  Operation. — This  operation  requires  at  least  three  sittings.  At  the 
first  a  long  vertical  flap  of  skin  is  dissected  up  from  the  side  of  the  neck.  (Fig. 
419,  a.)  The  pedicle  is  located  just  behind  the  angle  of  the  jaw,  is  obUque  in  di- 
rection, and  is*  somewhat  farther  from  the  edge  of  the  gap  to  be  filled  than  that 


Fig.  418. — Czerny's  Operation,  a  Represents  the  formation  of  the  flap;  the  dotted  line  indicates 
the  point  at  which  the  skin  is  to  be  reflected  to  fill  the  defect  in  the  mucous  membrane  of  the  cheejc. 
6  Indicates  the  flap  in  position  and  the  freshly  denuded  area  united  by  suture ;  the  tip  A  is  shown 
folded  back  into  position. 

point  is  from  the  proper  location  of  the  corner  of  the  mouth.  The  width  of  the 
flap  should  be  sufficient  to  fill  the  gap  without  tension;  the  length  should  be 
sufficient  to  enable  the  tip  of  the  flap  to  reach  the  point  at  which  the  new  corner 
of  the  mouth  is  to  be  formed.  This  will  require  that  it  should  extend  down  to 
a  point  near  the  clavicle,  as  the  skin  of  the  neck  contracts  greatly.  The  flap 
should  include  the  skin  and  subcutaneous  tissues.  In  planning  this  flap  in 
the  case  of  men,  it  is  important  as  far  as  possible  to  get  the  tissues  from  that 
part  of  the  neck  which  is  situated  behind  the  beard.  When  thoroughly  freed, 
the  flap  is  folded  forward  so  that  the  skin  shall  be  inside.  The  lower  portion 
of  the  flap,  which,  when  folded  on  its  pedicle,  becomes  the  anterior  portion,  is  then 
sutured  to  the  refreshed  mucous  membrane  at  the  edges  of  the  defect  to  be  filled. 
(Fig.  419,  b.)    The  posterior  part  of  the  flap  lies  with  its  skin  surface  toward  the 
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portion  of  the  cheek  which  is  situated  just  behind  the  defect,  and  thus  the  entire 
raw  surface  of  the  flap  is  left  exposed.  The  area  from  which  the  flap  has  been 
dissected  is  then  sutured  by  stitches  placed  transversely.  The  lower  portion  of 
the  denuded  area  can  be  closed  completely,  but  at  the  upper  portion  care  should 
be  taken  not  to  place  the  stitches  so  close  to  the  pedicle  as  to  impair  the  circula- 
tion in  the  flap  or  to  drag  on  the  lower  part  of  the  cheek  in  such  a  manner  as  to 
draw  it  away  from  the  portion  of  the  flap  that  is  sutured  into  the  gap. 

Great  care  should  be  taken  to  get  accurate  apposition  between  the  edges  of  the 
mucous  membrane  and  the  flap  at  the  upper  and  lower  borders  of  the  defect. 


Fig.  419. — Israel's  Operation.     First  stage,    a,  The  flap  is  outlined,     b,  Flap  in  position. 
The  secondary  gap  is  closed  by  sutures. 


At  the  posterior  border,  unless  under  exceptional  conditions,  no  attempt  should 
be  made  either  to  refresh  the  edge  of  the  mucous  membrane  or  to  unite  it  to  the 
flap.  Under  ordinary'  circumstances,  any  attempt  made  at  the  first  operation 
to  introduce  sutures  at  this  point  would  threaten  the  life  of  the  anterior  por- 
tion of  the  flap.  The  two  surfaces  of  skin  which  are  opposed  to  each  other  are 
to  be  kept  apart  by  gauze  to  prevent  maceration.  As  far  as  possible,  leakage 
of  saliva  through  the  posterior  portion  of  the  defect  is  to  be  prevented.  The 
sutured  area  in  the  neck  may  often  with  advantage  be  sealed,  in  order  to  pre- 
vent contamination  from  saliva  or  from  the  discharges  from  the  exposed  raw 
surfaces  of  the  flap.  It  is  well  to  dress  the  exposed  surface  with  some  smooth 
material  which  will  not  adhere. 

The  second  operation  is  to  be  performed  about  three  weeks  later.     The 
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pedicle  is  to  be  cut  across  at  its  base.  After  this  is  done,  the  outer  granulating 
surface  of  the  whole  flap  is  curetted  and  cleaned.  The  posterior  part  of  the  flap, 
now  free,  is  turned  forward  and  united  at  the  corner  of  the  mouth  to  the  anterior 
free  border.  Above  and  below,  the  edges  of  the  flap  are  carefully  united  to  the 
refreshed  edges  of  skin  at  the  borders  of  the  original  gap.     (Fig.  420.) 

There  remains  still  a  sinus  leading  into  the  mouth  just  behind  the  flap.     No 
attempt  should  be  made  to  close  this  until  the  outer  layer  of  the  flap  has  united 
_  firmly  to  the  inner   layer.     Otherwise 

there  is  great  risk  of  cutting  off  the 
nourishment  from  the  outer  layer  of 
skin. 

This  opening  or  sinus  is  to  be  closed 
at  the  third  operation  by  cutting  per- 
pendicularly through  the  flap  where  it 
was  reflected,  and  suturing  the  inner 
layer  of  skin  to  the  mucous  membrane, 
and  the  outer  to  the  skin  just  back  of 
the  opening.  It  is  important  to  sepa- 
rate freely  the  edges  of  the  inner  and 
outer  layers  of  the  flap  and  also  to  sep- 
arate freely  the  mucous  membrane  from 
the  skin  behind  the  opening.  Scar  tis- 
sue should  be  freely  excised. 

The  mucous  membrane  of  the  upper 
and  lower  lips  also  should  be  dissected 
free  and  sutured  in  such  a  way  as  to  meet 
at  the  corner  of  the  mouth.  This  may 
be  done  at  the  second  operation  unless 
it  is  probable  that  changes  in  tension  made  at  the  third  operation  may  again 
draw  the  corner  of  the  mouth  out  of  shape.  The  restoration  of  the  corner  of 
the  mouth  had  usually  best  be  left  until  the  last. 

When  the  pedicle  is  cut  across,  the  surgeon  should  estimate  carefully  the 
length  of  flap  required,  and,  in  case  the  original  flap  seems  likely  to  be  too  short 
to  reach  forward  to  the  mouth,  a  little  additional  skin  should  be  dissected  up 
from  the  cheek  just  above  and  in  front  of  the  pedicle  and  turned  forward  as  a 
portion  of  the  flap. 

The  Operation  of  Hahn. — This  operation  is  essentially  the  same  as  that 
of  Israel.  The  flap  is  taken  from  the  chest  instead  of  from  the  neck.  A  large  flap 
is  cut  out  with  its  base  at  the  clavicle  and  reaching  down  on  to  the  chest  as  far 
as  the  nipple.  The  flap  is  folded  up  in  such  a  manner  that  the  skin  faces  inward 
and  is  sutured  to  the  edges  of  the  mucous  membrane.  The  head  should  of  course 
be  held  flexed  and  immobiUzed. 


Fig.  420. — Israel's  Operation.  Second  stage. 
Flap  severed  from  the  pedicle  and  folded  for- 
ward upon  itself  to  form  the  external  layer. 
The  gap  at  the  posterior  part  of  the  defect  re- 
mains to  be  closed  at  a  third  operation. 
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At  a  second  operation  the  pedicle  is  severed  and  turned  up  to  form  the  new 
cutaneous  surface.  In  all  essential  particulars  the  technique  is  the  same  as 
that  employed  in  Israel's  operation. 

The  Operation  of  Bardexil^uer  and  Schimmelbusch. — This  operation  is 
so  mutilating  that  it  is  to  be  considered  as  a  possible  resort  only  under  the  most 
extraordinary  circumstance.  Two  flaps  are  taken,  at  least  one  of  which  should 
be  free  from  hair  in  order  to  fill  the  gap  in  the  mucous  membrane.  One  is 
taken  from  the  forehead,  with  the  pedicle  either  above  the  zygoma  or  at  the  root 
of  the  nose;  the  other  is  taken  from  the  side  of  the  neck,  with  the  pedicle  at  the 
margin  of  the  lower  jaw.  One  flap  is  t\sdsted  or  folded  in  to  supply  the  defect  in 
the  mucous  membrane;  the  other  is  at  once  sutured  over  it  to  the  borders  of 
the  skin  about  the  defect. 

At  a  later  time  the  pedicles  of  the  flaps  may  be  divided;  if  necessary,  the 
comers  of  the  mouth  may  be  reconstructed  and  the  secondary  defects  created 
by  the  operation  closed,  un- 
less these  defects  have  been 
remedied  by  Thiersch  graft- 
ing at  the  time  of  the  original 
operation. 

Monod  and  Van  ^'^erts  op- 
erate in  a  similar  manner. 
They  locate  the  pedicle  of  the 
flap  from  the  forehead  at  the 
root  of  the  nose.  They  cut  it 
very  narrow,  taking  care  to 
include  the  facial  artery-. 

In  these  operations  the 
surgeon  should  remember  that 
the  long  pedicles,  after  being 
severed,  are  returned  to  their 
original  positions.  Therefore 
the  portions  of  the  secondary 
defects  created  which  are 
near  the  pedicle  need  not  be 
closed  either  by  suture  or  by 
grafting. 

In  certain  extreme  cases 
there  is  complete  closure  of 
the   jaws   due   to    extensive 

union  between  the  alveolar  processes  and  to  changes  in  the  masseter  and  in- 
ternal pterygoid  muscles.  Under  these  circumstances  it  may  be  necessary  to 
make  a  false  joint  in  front  of  the  cicatrix. 


Fig.  421. — Closure  of  a  Quadrilateral  Defect  of  the  Upper 
Lip  by  Approximation  of  the  Sides  and  Excision  of  Crescentic 
Areas  of  the  Cheek  Outside  Each  Ala. 
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Upper  Lip. — Plastic  operations  on  the  upper  lip  are  required  much  less  fre- 
quently than  upon  the  lower.  Operations  for  the  correction  of  hare-lip  are 
considered  elsewhere.     (See  Vol.  V.) 

Narrow  defects  similar  to  those  of  congenital  origin  may  be  closed  by  draw- 
ing forward  the  tissues  at  the  sides  of  the  lip  and  from  the  cheeks.  The  opera- 
tive steps  in  such  cases  are  essentially  similar  to  those  for  the  correction  of 
hare-lip. 

Where  the  defect  in  the  lip  is  larger  and  extends  as  a  broad  gap  up  to  the 
nostrils,  incisions  may  be  carried  from  the  upper  border  of  the  defect  outward 
and  upward  in  the  fold  between  the  ala  and  the  cheek.    A  crescentic  piece  may 


Fig.  442. — Shows  how,  in  Reforming  the  Upper  Lip,  in  Order  to  ObUterate  a  Triangular 
Gap  in  this  Part  of  the  Face,  the  U-shaped  incision  (a)  around  the  alse  is  converted  into  one  having 
the  shape  of  a  Y  (6). 

then  be  excised  from  each  cheek  just  outside  the  ala.  In  this  manner  the  ob- 
struction which  the  nose  offers  to  the  approximation  of  the  flaps  is  overcome. 
The  gaps  at  the  sides  of  the  nose  close  naturally  and  leave  only  sUght  scars, 
inconspicuous  in  position.      (Fig.  421.) 

In  cases  in  which  the  upper  outer  portions  of  the  lip  below  the  alae  are  not 
destroyed,  the  defect  is  more  nearly  triangular.  Under  these  circumstances 
the  incisions  may  be  carried  upward  and  outward  from  the  apex  of  the  triangular 
defect,  curving  upward  around  the  alse.  The  tissues  at  the  sides  of  the  defect 
may  then  be  brought  down  to  form  the  free  border  of  the  lip,  while  those  points 
which  lie  at  first  below  the  ate  are  drawn  inward  to  be  united  in  the  median 
line  below  the  septum.  In  order  to  gain  sufficient  freedom  for  the  flaps,  it  may 
be  necessary  to  prolong  the  upper  ends  of  the  incisions  outward  on  to  the  cheeks. 
(Fig.  422.) 
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Wide  quadrilateral  gaps  may  be  closed  by  drawing  in,  from  the  cheeks,  flaps 
that  have  been  freed  by  two  horizontal  incisions — one  extendmg  out  from  the 
upper  edge  of  the  defect,  the  other  from  the  comer  of  the  mouth.  (Fig.  423.) 
The  objections  to  this  method  are,  that 
two  disfiguring  scars  are  made  in  con- 
spicuous positions  upon  the  cheek,  and 
that  the  lower  border  of  the  new  lip  has 
no  red  border.  The  operation  may  be 
useful  in  loss  of  the  entire  lip. 

In  cases  in  which  the  entire  upper  lip 
is  lost,  quadrilateral  flaps  may  be  cut 
out  from  the  cheeks  at  each  side  of  the 
defect.  The  incisions  extend  upward 
from  the  comers  of  the  mouth  to  points 
just  outside  the  ala?  of  the  nose.  (Fig.  424.) 
They  then  turn  at  right  angles,  bemg  car- 
ried outward  on  the  cheeks  far  enough 
to  give  sufficient  height  for  the  new  upper  lip.  They  then  turn  downward  again, 
at  right  angles  to  the  cross  cut  and  roughly  parallel  with  the  original  incisions, 
suflBciently  far  to  allow  the  two  flaps  to  be  swung  inward  and  to  be  united  by 


Fig.  423. 


Fig.  424. — Shows,  in  a,  a  Method  of  Remedying  a  Quadrilateral  Defect  in  the  Upper  Lip.  The 
incisions  may  start  at  1  or  at  2,  on  one  side  of  the  defect,  and  at  the  corresponding  points,  1'  or  2*, 
on  the  other.  They  extend  up  along  the  sides  of  the  alse  to  A  and  A',  then  turn  at  right  angles  and 
are  carried  out  to  B  and  B' ,  respectively,  from  which  points  the}'  again  cur^'e  downward,  to  C  and 
C.  The  length  of  the  cuts  AB  and  A'B'  miist  be  sufficient  to  make  a  Up  of  proper  height. 
The  manner  of  closing  the  wounds  is  shown  Ln  b. 

their  upper  extremities  in  the  median  line.  In  those  cases  in  which  the  sides 
of  the  deficiency  present  red  borders  it  is  well  to  preserve  them  and  start  the 
incisions  higher  up  near  the  ala  of  the  nose.    Thus,  tissue  is  saved  and  the  ex- 
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isting  red  borders  are  utilized.  Where,  however,  the  side  of  the  deficiency  is 
made  up  of  scar  tissue  which  cannot  be  utilized  it  must  be  sacrificed.  On  the 
other  hand,  it  would  usually  be  desirable  to  preserve  this  scar  tissue  if  possible 
and  supply  the  red  border  at  a  secondary  operation  rather  than  to  sacrifice  it 
at  once. 

The  Operation  of  Sedillot. — This  operation  is  suitable  for  those  cases  in 
which  the  loss  of  the  Up  is  complete. 

Quadrangular  flaps  are  taken  from  each  side  of  the  defect,  the  pedicles  being 
above  instead  *of  below.  On  each  side  a  vertical  incision  should  start  just  out- 
side the  nose,  midway  between  the  corner  of  the  mouth  and  the  lower  eyelid. 


Fig.  425. — Operation  of  Sedillot.  The  incision  starts  at  the  side  of  the  nose  and  is  carried 
downward  outside  the  cleft  to  a  point  below  the  corner  of  the  mouth.  It  should  then  turn  out- 
ward and  a  little  downward  (AB)  for  a  sufficient  distance  to  provide  proper  height  for  the  lip. 
Then  the  incision  is  carried  upward  to  C  in  a.  In  case  the  sides  of  the  defect  (a  b,  a'b')  are  cov- 
ered with  mucous  membrane  they  may  be  freed  everywhere  except  at  the  corners  of  the  mouth 
(b,  b')  and  left  to  be  attached  along  the  lower  border  of  the  restored  upper  lip,  a  a'  being  at  a  lower 
level  than  B  B'  after  they  are  united  as  in  Fig.  425,  h. 


(Fig.  425.)  It  should  extend  downward  toward  the  prominence  of  the  chin.  This 
incision  sa  crifices  any  tissue  at  the  outer  border  of  the  defect  in  the  upper  lip  un- 
less a  narrow  strip  of  mucous  membrane  is  left  attached  at  each  corner  of  the 
mouth  to  be  fastened  to  the  new  lower  border  of  the  lip.  From  the  bottom  of  this 
incision  a  cut  is  made  at  right  angles,  extending  outward  for  a  sufficient  distance 
to  give  proper  height  to  the  new  upper  lip.  An  incision  is  then  carried  directly 
upward  parallel  with  the  original  incision.  The  last  incision  may  with  advan- 
tage be  turned  slightly  outward  at  the  top.  It  may  end  at  a  level  a  little  below 
the  ala.  The  lower  ends  of  the  two  flaps  thus  formed  are  united  in  the  median 
line,  the  upper  border  of  the  gap  being  previously  refreshed  in  order  that  the 
inner  sides  of  the  flaps  may  be  united  to  it. 
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Fig.  426. — Gurdon  Buck's  Method  of 
Remedj-ing  the  Loss  of  Half  of  the  Up- 
per Lip. 


Those  operations  which  leave  the  pedicles  of  the  flaps  below,  are  usually 
preferable  to  those  which  leave  the  pedicles  above,  because  as  a  result  of  retrac- 
tion of  the  scar  there  is  less  tendency  for  the  flaps  to  be  drav^n  upward  and 
expose  the  teeth. 

GuRDOX  Buck's  Method. — Gurdon  Buck,*  in  restoring  the  loss  of  half  of  the 
upper  lip,  has  turned  up  a  flap  from  the  same  half  of  the  lower  lip.  The  pedicle  of 
the  flap,  under  these  circumstances,  is  close 
by  the  red  border  of  the  middle  of  the 
lower  lip.  Any  mucous  membrane  which 
may  be  saved  about  the  borders  of  the  de- 
fect to  be  filled  should  be  carefully  reflected 
and  utilized. 

The  following  are  the  steps  in  the  op- 
eration: The  extremity  of  the  lower  lip, 
where  it  joins  the  cheek  on  the  same  side  as 
the  defect,  is  divided  throughout  its  entire 
thickness,  at  right  angles  to  its  border,  for 
a  distance  of  about  an  inch  (A  B) .  (Fig.  426.) 
From  the  end  of  this  incision  a  second  is  car- 
ried inward,  parallel  to  the  hp  border,  for 
a  distance  of  about  an  mch  and  a  half  {BC).  To  facilitate  the  turning  upward 
of  this  flap  an  additional  cut  should  be  carried  upward  from  the  end  of  the 
second,  half  way  to  the  border  of  the  Hp  (CD).  This  last  mcision  simply  narrows 
the  pedicle  and  allows  more  freedom  in  moving  the  flap. 

It  is  necessary,  at  a  second  operation,  to  enlarge  the  side  of  the  mouth  by  a 
transverse  incision  supplemented  by  incisions  which  free  the  mucous  membrane 
of  the  upper  and  lower  lips  and  allow  it  to  be  drawn  outward  to  the  corners  of  the 
new  mouth. 

Operations  intended  to  restore  the  upper  lip  by  the  use  of  a  flap  from  the 
forehead  have  been  done.  They  are  to  be  unhesitatingly  condemned,  save 
under  most  extraordinary  circumstances. 

Sexx's  Operatiox. — Senn  {Xew  York  Med.  Jour,  and  Phila.  Med.  Jour., 
1903,  Vol.  LXXVn.,  p.  1,097)  has  in  a  most  ingenious  manner  used  part  of  the 
scalp  to  repair  an  extensive  loss  which  included  not  only  the  whole  upper  lip, 
but  also  the  entire  nose,  most  of  both  cheeks,  and  both  lower  eyelids.  (Fig. 
427.)  The  flap  extended  across  the  top  of  the  head  from  ear  to  ear.  It  was 
wide  enough  to  cover  the  entire  height  of  the  defect  from  the  mouth  to  the 
bridge  of  the  nose.  It  was  left  attached  by  two  pedicles,  one  at  each  end  just 
above  the  ears  and  including  the  temporal  arteries.  In  order  to  guard  against 
the  risk  of  sloughing,  Senn  separated  the  flap  in  five  different  stages,  at  intervals 
of  about  a  week.     At  these  preliminary  operations  an  extra  area  of  skin  was 

♦"Reparative  Surgery,"  Appleton  &  Co.,  New  York,  1876. 
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folded  in  from  the  middle  of  the  forehead  to  line  that  part  of  the  flap  which  was 
to  form  the  new  upper  lip,  while  the  other  parts  of  the  flap,  which  were  to  close 
in  the  mouth,  were  covered  by  Thiersch  grafts  to  prevent  undue  contraction. 
"WTien  freed  the  flap  was  lowered  into  position  exactly  as  the  visor  of  a  helmet 
is  lowered.  The  upper  and  lower  borders  of  the  defects  in  the  cheeks  were 
refreshed  and  sutured  to  the  edges  of  the  flaps.  The  nasal  passages  were  opened 
by  transverse  incisions,  which  were  kept  from  closing  by  the  use  of  triangular 
lead  tubes.  The  hair  upon  those  parts  of  the  flap  which  were  not  already  bald 
was  destroyed 'by  exposure  to  the  x-rays.  Additional  operations  were  neces- 
sary to  perfect  the  eyelids  and  build  up  a  shapely  nose,  but  the  flap  taken  from 


I 
t 


Fig.  427. 


Fig.  428. 


Fig.  427. — Operation  of  Senn.  Shows  the  extent  of  the  destruction  and  indicates  the  incisions 
made  at  the  first  operation.  The  dotted  lines  indicate  the  complete  incisions.  The  extra  piece  of 
skin  taken  from  the  middle  of  the  forehead  was  used  to  line  the  new  upper  lip. 

Fig.  428. — Shows  the  Flap  Lowered  into  Place  and  Sutured  to  the  Freshened  Borders  of  the 
Defect.     The  incisions  into  the  nasal  cavity  are  not  yet  made. 

the  scalp  most  successfully  closed  the  great  gaps  in  the  upper  lip  and  cheeks 
which  had  left  the  whole  mouth  exposed.     (Figs.  427  and  428.) 

Lower  Lip. — Most  of  the  defects  in  the  lower  lip  which  need  to  be  restored 
are  the  result  of  the  excisions  of  epitheliomata.  Some  are  the  results  of  other 
causes,  chiefly  accidents. 

Fortunately,  in  many  cases  the  gap  to  be  filled  is  relatively  small.  In  all 
cases  where  it  is  going  to  be  possible  to  bring  the  edges  of  the  gap  together 
directly,  without  the  formation  of  any  flaps,  the  gap  should  be  converted  un- 
hesitatingly into  a  V-shape.  This  may  usually  be  done  advantageously  where 
the  mucous  membrane  at  the  corners  of  the  mouth  is  not  involved.    When  the 
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cornel's  of  the  mouth  are  destroyed,  some  more  extensive  interference  is  generally 
necessan*.  The  chief  advantage  of  direct  sutm*e  is  that  there  will  remain  only  a 
single  linear  scar  which,  in  a  man,  may  be  concealed  by  the  beard.  The  elasticity 
and  power  of  adaptation  of  the  tissues  about  the  mouth  are  remarkable. 

In  cases  in  which  liberating  incisions  are  necessary,  the  more  simple  the  cuts 
made  the  better.  They  should,  wherever  possible,  foUow  the  natural  lines  of 
the  featiu'es.  Thus,  in  those  cases  in  which  du'ect  union  is  not  possible,  the  pro- 
cedure of  choice  is  the  making  of  a  curv^ed  incision  from  the  corner  of  the  mouth 
on  each  side  outward  and  then  downward,  in  order  that  the  flap  thus  formed 


Fig.  429. 


Fig.  430. 


Fig.  429. — Liberating  Incision  Extending  Outward  from  the  Comer  of  the  Mouth. 

Fig.  430. — Operation  of  Serre.  In  order  to  restore  the  width  of  the  mouth  a  small  piece  of 
cheek  may  be  excised  on  each  side.  At  the  same  time  it  is  important  to  preserve  carefully  the  mu- 
cous membrane  at  the  comer  of  the  mouth. 

may  glide  inward  to  meet  its  fellow  of  the  opposite  side.  (Fig.  429.)  This  proced- 
ure is  usually  as  effective  as,  and  less  disfiguring  than,  other  more  formal  opera- 
tions which  depend  on  the  same  principle.  Nevertheless,  it  may  be  well  to 
describe  briefly  the  operations  of  Serre,  Jaesche,  DiefTenbach,  and  Heurtaux,  all 
of  which  are  adaptations  of  the  principle  of  sUding  together  lateral  flaps  freed 
by  incisions  carried  outward  from  the  comers  of  the  mouth. 

In  all  operations  it  is  essential  that  the  mucous  membrane  should  be  stitched 
to  the  skin  at  the  edges  of  the  Up.  It  is  especially  important  for  the  comfort 
of  the  patient,  and  to  prevent  cicatricial  contraction,  that  no  gaps  be  left  un- 
covered in  the  new  comers  of  the  mouth.    Before  any  incisions  are  made  with  a 
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view  to  mobilizing  flaps  it  is  very  important,  first,  to  reflect  and  save  any  mu- 
cous border  which  would  otherwise  be  sacrificed.  Then,  in  the  next  place,  in 
planning  the  incisions  one  must  estimate  whether  the  closure  of  the  secondary 
gap  will — if  no  allowance  be  made — cause  distortion  or  asymmetry. 

Operation  of  Serre, — A  longitudinal  incision  is  made  directly  outward  from 
the  corner  of  the  mouth  on  each  side.  In  this  way  the  tissues  at  each  side  of 
the  V-shaped  gap  in  the  lip  are  mobilized  so  that  they  can  be  brought  together. 
The  mucous  membrane  is  sutured  to  the  skin  on  each  side,  thus  restoring  the  red 
border  of  the  new  lower  lip  and  corners  of  the  mouth.  The  width  of  the  mouth  is 
restored.  In  order  to  give  space  between  the  upper  and  lower  lips  at  the  corners 
of  the  mouth  it  is  often  necessary  to  excise  a  small  amount  of  tissue  along  the 
lines  of  the  liberating  incisions;  but,  if  this  is  done,  the  mucous-membrane  bor- 
der should  first  be  reflected 
from  below  upward  in  order 
that  it  may  be  utilized  to  cover 
in  the  new  edge  of  the  lip  as  far 
as  is  possible.     (Fig.  430.) 

This  operation  leaves  the 
lower  lip  drawn  much  more 
tightly  than  the  upper,  which  is 
of  course  somewhat  puckered 
forward. 

When  it  is  found  that  suffi- 
cient freedom  is  not  obtained 
by  the  simple  lateral  incisions 
of  Serre,  they  may  be  prolonged 

/]jL       ^^^^^^^^^^|x  according    to    the    method    of 

\,       ^^^^  1     \v  Jaesche  or  of  Dieffenbach. 

Operation  of  Jaesche. — In 
this  operation  a  more  extended 
V-shaped  deficiency  may  be 
closed  by  extending  the  incisions 
from  the  corners  of  the  mouth 
outward  and  a  little  upward, 
and  then,  with  a  rather  sharp  curve,  cutting  downward  in  lines  parallel  with 
the  sides  of  the  V  and  reaching  as  low  as  the  apex  of  the  V.  Thus  two  flaps 
are  formed  which  may  be  swung  inward  to  unite  in  the  median  line,  while  the 
gaps  left  at  the  sides  may  be  closed  by  uniting  the  upper  and  outer  edges. 
(Fig.  431.) 

Operation  of  Dieffenbach. — ^A  horizontal  incision  is  made  on  each  side 
through  the  cheek  directly  outward  from  the  corner  of  the  mouth.  The  combined 
length  of  the  incisions  should  equal  the  width  of  the  mouth.     From  the  outer 


Fig.  431. — Operation  of  Jaesche. 


ends  of  these  incisions  cuts  are  carried  downward  and  inward  parallel  with  the 
sides  of  the  V-shaped  gap  in  the  Up.  The  two  rhomboid  flaps  (CAB  and  C'A'B') 
thus  formed  are  swung  inward  and  united  in  the  median  line.  (Fig,  432.)  The 
mucous  membrane  should  be  sutured  to  the  skin  at  the  border  of  the  new  lip. 
The  two  triangular  gaps  are  closed  by  suturing  the  upper  to  the  outer  sides.  The 
operation  resembles  closely  that  of  Jaesche,  except  that  the  flaps  have  angulai' 
instead  of  rounded  comers.    As  in  the  other  operations,  it  is  essential  to  sutme 
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Figs.  432. — Operation  of  Dieffenbach.     a,   Method  of  cutting  the  flaps;  h,  the  flaps  united. 

the  mucous  membrane  of  the  upper  Up  acciu-ately  to  that  of  the  lower  hp  at  the 
corners  of  the  mouth.  In  order  to  do  this  satisfactorily  it  is  often  of  great  help 
to  free  somewhat  the  mucous  membrane  of  the  upper  hp  at  the  two  sides  and 
draw  the  mucous  flaps  thus  formed  toward  the  middle  of  the  lower  lip.  This 
step  prevents  cicatricial  contraction  of  the  new  mouth,  and  adds  greatly  to  the 
comfort  of  the  patient  when  fed. 

Heurtaux's  Operation. — In  Heurtaux's  operation  *  a  single  flap  is  formed 
by  carrying  an  incision  in  a  long  curve  outward  and  doNvnward  from  one  comer 
of  the  mouth.  This  flap  is  then  swung  upward  and  forv\-ard  across  the  defect  and 
united  to  the  edges  of  the  gap  at  the  other  side.  In  order  to  prevent  puckering 
in  the  skin  on  the  convex  side  of  the  curve  a  triangular  area  may  be  excised  just 
below  the  jaw.  (Fig.  433.)  The  operation  is  not  well  adapted  to  cases  in  which 
the  gap  involves  more  than  one  side  of  the  lower  lip.  On  the  other  hand,  the  di- 
rection of  the  incision  which  frees  the  flap  opens  up  the  region  of  the  submaxillary 
lymph-nodes,  while  the  triangular  area  of  skin  which  may  be  resected  is  taken 

♦Archives  Provinciales  de  Chirui^e,  1893,  voL  ii.,  p.  747. 
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directly  from  the  region  of  these  nodes.  Under  ordinary  circumstances  the 
excision  of  this  triangular  area  of  skin  may  be  obviated  by  a  simple  curved 
prolongation  of  the  incision  backward,  thus  making  the  whole  incision  have  an 
S-shape. 

Malgaigne's  Operation. — In  quadrilateral  defects  of  moderate  extent  the 
procedure  of  Malgaigne*  is  often  satisfactory.  (Fig.  434.)  Horizontal  incisions 
are  carried  outward  from  each  corner  of  the  defect — one  from  the  corner  of  the 
mouth  and  one  from  the  lower  angle  of  the  defect  on  each  side.  Thus,  at  the 
sides  of  the  gap,  there  are  raised  two  flaps  which  may  be  drawn  inward  to  unite 


Fig.  433. 


Fig.  434. 


Fig.  433. — Heurtaux's  Operation.     The  figure  shows  resection  of  a  secondary  area  of  skin  to 
allow  accurate  apposition  of  the  flaps.     Access  is  given  to  the  submaxillary  lymph  nodes. 
Fig.  434. — Operation  of  Malgaigne. 


in  the  median  line.    Often  it  will  be  found  that  this  procedure  draws  the  new 
lip  very  tightly,  especially  at  the  lower  part. 

The  conditions  which  must  be  met  are  so  varied  that  a  thorough  under- 
standing of  the  various  other  methods  is  necessary  before  one  decides  to  give 
Malgaigne's  the  preference.  Flaps  may  be  taken  from  the  chin.  The  opera- 
tions of  Syme,  Buchanan,  and  Trelat  are  the  types  of  this  group.  They  all  de- 
pend upon  jumping  a  flap  from  the  side  to  a  point  above  the  central  prominence 
of  the  chin.  It  is  essential  to  the  success  of  all  the  operations  of  this  group 
that  the  tip  of  the  chin  remain  undisturbed  in  its  attachments  to  the  jaw. 
♦Malgaigne:   "M^decine  Op6ratoire,"  vol.  ii.,  p.  209. 
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Where  flaps  are  taken  from  the  chm  the  absence  of  an  inner  mucous  surface 
is  likely  to  lead  to  a  formation  of  firm  adhesions  between  the  jaw  and  the  flap, 
and  these  adhesions  may  interfere  to  a  great  extent  with  the  functional  useful- 
ness of  the  new  lower  lip. 

Operation  of  Syme.* — Where  the  whole  lower  Up  has  been  removed,  leaving 
'  a  V-shaped  gap  to  be  filled,  two  flaps  are  raised  from  the  sides  of  the  chin.  This  is 
done  by  prolonging  the  original  cuts  which  removed  the  lip.  These  incisions 
thus  cross  above  the  prominence  of  the  chin  which  is  left  undistiu-bed.  The 
length  of  these  prolongations  of  the  incisions  should  equal  the  length  of  the  In- 


FiG.  435. — Of)eration  of  Syme.     a.  Method  of  cutting  the  flaps;  b,  the  flaps  united  above  the  un- 
disturbed prominence  of  the  chin. 


cision  from  the  corner  of  the  mouth  to  the  point  at  which  they  cross.  The  in- 
cisions should  then  turn  at  a  sharp  angle  and  run  upward  and  backward  to  form 
rhomboid  flaps  which  may  be  united  in  the  median  line  directly  above  the 
prominence  of  the  chin.  (Fig.  435,  a.)  The  triangular  flaps  are  closed  by  sut- 
uring the  inner  and  outer  sides  together  from  the  bottom,  if  this  is  possible, 
but  usually  the  gap  must  be  united  horizontally.     (Fig.  435,  6.) 

Operation  of  Buchanan. — Buchanan's  operation  difi"ers  in  no  essential  re- 
spect from  that  of  Syme.  The  incisions  are  curved  instead  of  angular.  The 
excision  of  the  lip  is  done  by  a  U-shaped  instead  of  a  V-shaped  incision.  The 
incisions  for  freeing  the   flaps  pass  downward  and  outward,  and  then  curve 

*  "Observations  in  Clinical  Surgery,"  p.  60,  Monthly  Journal  of  Medical  Sciences,  Edin- 
burgh, 1846-47,  p.  643. 
VOL.  IV. — 42 
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upward  and  backward.  Owing  to  the  form  of  the  incisions  the  gaps  left  are 
closed  horizontally. 

Neither  of  these  operations  can  be  used  in  those  cases  in  which  the  prom- 
inence of  the  chin  is  lost.  The  normal  relation  of  this  prominence  to  the  jaw 
is  essential  to  success.  The  new  lower  lip  must  have  this  point  oi  support 
below  to  prevent  it  from  being  drawn  downward. 

Operation  of  Trelat.* — The  operation  of  Trelat,  based  on  exactly  the  same 
principles  as  those  of  Syme  and  Buchanan,  differs  from  them  only  in  the  fact  that 


Fig.  436. — Operation  of  Trelat.     a,  Incisions  required;  b,  the  flaps  united. 

the  area  of  skin  left  on  the  point  of  the  chin  is  quadrilateral  and  broad  at  the  top 
rather  than  triangular  and  pointed.     (Fig.  436.) 

Similar  in  principle  to  the  bilateral  operations  just  mentioned  is  the  unilateral 
Operation  of  Langenbeck,  in  which  a  quadrilateral  flap  is  taken  from  below 
the  point  of  the  chin,  the  pedicle  being  just  below  the  corner  of  the  mouth.  Where 
there  is  a  choice,  the  pedicle  should  be  on  the  side  where  the  deficiency  is  least. 
It  is  essential  that  an  area  of  sound  skin  be  left  between  the  deficiency  and  the 
flap  which  is  to  fill  it.  The  flap  is  to  be  jumped  above  this  area  of  skin  and 
sutured  into  position  to  form  the  new  lip,  while  the  gap  left  is  to  be  closed  by 
drawing  the  edges  together  laterally.     (Fig.  437.) 

Operation  of  Blasius. — This  operation  is  useful  only  in  broad  triangular 
defects  which  do  not  extend  far  down  upon  the  chin.  The  flap  is  taken  from  one 

*  Bulletin  de  la  Soci4t4  de  Chirurgie,  February  28th,  1877,  p.  170. 


PLASTIC   SURGERY. 


659 


side  or  the  other.  From  the  apex  of  the  triangular  gap  a  cut  is  made  in  direct 
continuation  of  the  shortest  side  downward  into  the  submaxillary  region,  (Fig. 
438.)  The  flap  thus  marked  out  is  to  be  freed  and  slid  upward  to  form  the  new 
lip.  The  objections  to  the  operation  are:  that  the  flap  inevitabh'  tends  to  draw 
downward  again  into  its  old  position,  thus  leaving  the  lip  deficient :  and  besides, 
if  the  gap  extends  at  all  into  the  region  of  the  chin,  the  flap  will  be  without 
mucous  membrane  on  its  inner  surface. 

Berg's  Operation.* — This  is  an  elaboration  of  the  operation  of  Blasius.and 
is  intended  to  fill  larger  gaps  in  the  lower  lip.  The  incision  is  made  do^-n  into 
the  submaxillary  region  as  a  direct  continuation  of  the  shortest  side  of  the  gap  to 
be  filled.    The  cut  should  curve  shghtly  toward  the  median  line.    The  length 


Fig.  437. 


Fig.  438. 


Fig.  437. — Operation  of  Langenbeck.  An  incision  A  B  is  carried  from  the  lower  angle  of  the  gap 
to  a  prolongation  of  one  of  its  sides.  The  distance  to  B  should  be  enough  to  enable  B'  to  be  attached 
to  the  comer  of  the  mouth.  A  second  incision  B  C  is  carried  down  at  right  angles  to  the  first,  and 
from  C  a  third  incision  is  made  parallel  with  the  £rst.     C  is  united  to  A. 

Fig.  438. — Operation  of  Blasius. 


of  the  incision  should  equal  the  height  of  the  gap  to  be  filled.  The  incision 
should  then  curs^e  sharply  backward,  in  a  direction  roughly  parallel  with  the 
side  of  the  gap.  Thus,  a  flap  is  formed  which  may  be  more  freely  raised  into 
position,  while  the  triangular  space  left  below  may  be  closed  by  suturing  each 
of  the  three  angles.     (Fig.  439.) 

This  operation,  while  it  is  not  open,  as  much  as  some  other  operations,  to 
the  serious  objection  that  the  flap  may  undergo  retraction,  is  very  liable,  owing 

♦Malgaigne's  "Medecine  Operatoire,"  vol.  ii.,  p.  206. 
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to  the  complete  absence  of  the  mucous  lining,  to  be  followed  by  the  formation  of 
cicatricial  adhesions  between  the  lower  jaw  and  the  flap,  and  subsequently  by 
contraction  of  the  latten 

There  are  two  other  operations  which  should  perhaps  be  mentioned,  although 
chiefly  for  the  purpose  of  condemning  them — viz.,  Chopart's  and  Sandelin's 
operations. 

Operation  of  Chopart, — This  operation  has  been  used  in  closing  a  quadrilat- 
eral defect  in  the  lower  lip.     Incisions  are  carried  downward  to  below  the  jaw 


Fig.  439. — Operation  of  Berg. 


Fig.  440. — Operation  of  Sandelin. 


in  direct  prolongation  of  the  sides  of  the  gap  to  be  filled.  The  flap  thus  freed  is 
drawn  up  to  make  the  new  lip.  This  operation  is  objectionable  in  that  it  violates 
one  of  the  fundamental  principles  of  plastic  surgery:  it  fails  to  make  a  change  in 
the  direction  of  the  flap  and  also  to  furnish  it,  when  in  position,  with  a  proper 
support.  The  result  is  that  the  skin  inevitably  draws  down,  and  the  original 
deformity  is  reproduced.  Prolongations  of  the  incisions  backward  may  free 
the  flap  a  little,  but  not  sufficiently  to  be  of  material  benefit. 

Operation  of  Sandelin. — The  operation  of  Sandelin  (Schulten-Morgan)  is 
open  to  much  the  same  objection  as  is  Chopart's.  Owing  to  the  fact  that  the 
skin  is  slid  along  without  change  in  direction,  there  is  great  tendency  to  repro- 
duction of  the  deformity  as  cicatrization  progresses.  Where  the  whole  lower 
lip  is  gone,  a  crescentic  incision,  roughly  parallel  with  the  borders  of  the  defect 
in  the  lip,  is  made  under  the  chin.  The  ends  of  the  incision  should  be  below 
and  outside  the  corners  of  the  mouth.    The  width  between  the  incision  and  the 
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defect  should  be  sufficient  to  reach  from  the  mouth  to  below  the  prominence  of 
the  chin.  The  flap  thus  formed  is  to  be  left  attached  only  at  the  two  ends, 
(Fig.  440.)  When  freed  from  the  jaw  it  is  to  be  slid  upward  and  forward  into  po- 
sition to  form  a  new  lip,  and  is  to  be  fastened  to  the  jaw  to  prevent  it  from  slid- 
ing back  until  it  shall  have  become  firmly  adherent  in  its  new  position.  The 
defect  left  below  is  to  be  sutured  from  side  to  side  as  far  as  is  possible,  in  order 
to  minimize  cicatricial  contraction. 

While  the  portion  of  the  operation  which  has  just  been  described  is  not  to 
be  recommended,  the  second  part  is  most  ingenious  and  is  capable  of  application 
to  many  other  operations.  A  strip  of  the  mucous  membrane  and  underlying 
tissues  along  the  lower  inner  surface  of  the  upper  lip  is  cut  free  except  at  the 
two  ends.  This  ribbon  of  mucous  membrane  is  then  twisted  and  also  drawn 
downward  and  sutured  to  the  border  of  the  newly  formed  lower  lip,  while  the 
gap  in  the  upper  lip  is  closed  by  suture  also.     Thus  the  superfluous  mucous  mem- 


FiG.  441. — Operation  of  von  Bruns.     a,  The   defect   in  the   lower  lip  and  the  lines  of  the  incisions 
are  shown  in  this  figure ;  b,  the  flaps  have  been  brought  into  position  and  sutured. 


brane  of  the  upper  lip  is  utilized  in  such  a  way  as  to  form  a  new  red  border 
for  the  lower  lip. 

There  are  certain  fundamental  objections  to  taking  flaps  from  the  chin. 
Wherever  possible,  it  is  important  that  flaps  should  include  skin  and  mucous 
membrane.  The  mucous  membrane  does  not  extend  down  upon  the  chin. 
Thus  the  flaps  have  to  heal  by  granulation  on  their  posterior  surfaces,  with  the 
result  that  they  contract  and  often  become  so  bound  down  to  the  lower  jaw  as 
to  interfere  with  their  usefuhiess.     Furthermore,  the  flaps  are  taken  from  the 
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immediate  vicinity  of  the  region  in  which  the  defect  already  exists.    Thus  there 

must  be  either  great  tension  of  the  parts  or  an  insufficiency  of  the  new  hp. 

To  obviate  these  difficulties  flaps  have  been  taken  from  the  upper  lip  and 

adjacent  parts  of  the  cheek,  very  frequently  with  most  gratifying  results  and 

surprisingly  little  scar. 

Operation  of  von  Bruns. — von  Bruns'  operation  for  closure  of  a  defect  of 

the  lower  lip  is  the  exact  counterpart  of  the  Malgaigne-Sedillot  operation  for 

closure  of  a  defect  in  the  upper  lip. 

The  operation  is  particularly  applicable  to  those  cases  in  which  the  portion 

of  the  lower  lip  removed  has  been  very  broad  below.     It  has  the  further  point 

to  recommend  it  that  the  resultant  scars  follow  the  lines  of  the  naso-labial  folds. 

When  the  entire  lower  lip  has  been 
removed,  leaving  a  quadrilateral  gap 
to  be  filled,  the  lateral  incisions  are 
prolonged  upward  and  inward  from 
the  corners  of  the  mouth  to  points 
directly  below  the  ate  of  the  nose. 
(Fig.  441.)  Parallel  incisions,  separat- 
ed from  the  first  incisions  by  a  dis- 
tance sufficient  to  give  proper  height 
to  the  new  hp,  are  to  be  made  in  each 
cheek.  The  upper  ends  of  the  two 
incisions  are  to  be  united  by  a  cut 
made  at  right  angles  to  the  two  sets 
of  incisions  just  described.  In  cases 
in  which  additional  depth  of  the  new 
lip  is  required  in  the  median  line, 
a  little  extra  tissue  may  be  gained 
by  making  the  connecting  incision 
follow  the  edge  of  the  ala  nasi  and  ex- 
tend upward  a  little  at  the  border  of 
the  nose,  rather  than  by  carrying  it 
straight  across  at  right  angles  to  the 
other  incisions. 

In  cases  in  which  it  is  possible,  the 
corner  of  the  mouth  is  to  be  preserved, 

and  at  all  events  every  possible  bit  of  mucous  border  is  to  be  left  attached  to 

the  upper  lip  in  order  that  it  may  be  freed  and  brought  down  to  cover  in  the 

edge  of  the  newly  formed  lip. 

Operation  of  Larger. — In  principle  this  operation  is  similar  to  that  of  von 

Bruns.     The  flap  is  unilateral,  instead  of  bilateral.    The  operation  is,  therefore, 

particularly  applicable  to  those  cases  in  which  the  gap  involves  chiefly  one  side 


Fig.  442. — Operation  of  Estlander.  The  pedi- 
cle of  tlie  flap  lies  toward  the  middle  of  the 
upper  lip.  It  includes  enough  skin  and  mucous 
membrane  to  insure  adequate  nutrition.  The 
first  incision  upward  and  outward  from  the  cor- 
ner of  the  mouth  at  the  edge  of  the  gap  should 
equal  in  length  the  height  of  the  gap.  The  inner 
border  of  the  flap  is  to  be  of  the  same  length. 
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of  the  lip.    The  mucous  membrane  from  the  sound  side  may  usually  be  drawn 
across  the  flap  to  complete  the  red  border. 

Operatiox  of  Estlaxder. — Estlander's  method  of  filling  a  wedge-shaped  gap 
in  the  side  of  the  lower  Up  by  swinging  down  a  triangular  flap  from  the  upper  lip 
is  often  most  useful  and  may  be  appUed  to  the  correction  of  deformities  about 
the  corner  of  the  mouth.  (Fig.  442.)  The  flap  thus  turned  into  the  gap  is  left  at- 
tached toward  the  middle  of  the  upper  Up.  The  apex  of  the  flap  should  he  up- 
ward and  outward.  Wlien  swung  into  position  the  flap  should  be  made  as  wide 
as  possible  by  suturing  together  directly  the  lower  parts  of  the  sides  of  the  defect, 
the  flap  being  reserved  to  fill  the  upper  part.    The  resulting  scar  will  thus  have 


Fig.  443. — Second  Operation  of  Langenbeck.     a,  Shows  the  lines  of  the  incisions ;  in  b  the  flaps 
are  in  position  and  the  edges  of  the  wound  have  been  sutured. 


a  Y-  instead  of  a  V-«hape.  The  gap  in  the  upper  hp  may  be  closed  by  direct 
suture. 

The  chief  objection  to  the  operation  is  the  liability  of  inversion  of  the  flap. 
This  is  due  chiefly  to  its  thickness.  If  hairs  grow  on  the  inverted  area  they 
may  give  much  annoyance. 

Second  Operation  of  Langenbeck. — ^Another  operation  of  Langenbeck 
utilizes  a  principle  which  is  of  the  utmost  importance  in  the  surger}^  of  the 
mouth.  It  depends  entirely  upon  the  elasticit}^  and  vascularity — what  might  be 
termed  the  plasticity — of  the  borders  of  the  mouth.  The  operation  consists  sim- 
ply in  incisions  which  encircle  the  corners  of  the  mouth,  thus  making  it  possi- 
ble to  approximate  the  sides  of  the  gap.  The  mouth  is  of  course  narrowed  by 
exactly  one-half  the  breadth  of  the  deficiency.     The  elasticity  of  the  tissues  is 
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such,  however,  that  this  loss  is  soon  compensated;  and,  furthermore,  the  cor- 
ner of  the  mouth  soon  becomes  properly  moulded  into  its  new  location.  (Fig.  443.) 
It  is  a  matter  of  considerable  importance  that  the  technique  and  advantages 
of  this  operation  should  be  fully  understood,  because  modifications  of  it  may  be 
used  constantly  in  combination  with  other  operations.  In  the  first  place,  when 
the  gap  in  the  lower  lip  has  much  height,  the  operation  in  question  cannot  be 
utilized  unless  it  is  to  be  combined  with  other  procedures.  Under  other  condi- 
tions, however,  the  only  limitations  to  the  operation  are  the  too  great  narrow- 
ing of  the  mojith  and  the  risk  of  impairing  the  circulation  at  the  tips  of  the  flaps. 
Operation  of  Mauclaire. — Mauclaire  {La  Tribune  Medicate,  Jan.  23d,  1904, 
p.  53)  has  described  an  operation  in  which  he  was  obliged  to  remove  the  entire 

lower  lip  and  the  skin  below  it  which 
covered  the  diseased  submaxillary 
lymph  nodes.  In  order  to  fill  the  gap 
thus  made  he  turned  in  a  flap  the 
pedicle  of  which  was  located  below, 
at  the  side  of  the  defect,  while  the 
body  of  the  flap  extended  over  the 
stemo-mastoid  muscle  and  terminat- 
ed up  on  the  mastoid  process.  Thus 
the  tip  of  the  flap,  which  goes  to  make 
up  the  front  of  the  lower  lip,  may  be 
covered  with  hair.     (Fig.  444.) 

Operation  of  Alfred  C.  Post. — 
Alfred  C.  Post  (Ashhurst's  "Inter- 
national Encyclopaedia  of  Surgery," 
Vol.  v.,  p.  474)  has  suggested  that 
deficient  mucous  membrane  in  the 
lips  may  be  supplied  by  folding  a 
flap  of  skin  up  from  the  neck  through 
a  slit  cut  along  the  border  of  the 
lower  jaw,  just  as  is  done  in  opera- 
tions upon  the  cheek.  He  has  fur- 
ther suggested  the  possibility  of 
transferring  a  flap  of  skin  from  some  distant  part  of  the  body,  attaching  it  first 
to  the  wrist  and  later  transferring  it  to  the  mouth. 

Operation  of  Watts. — Watts  *  has  operated  on  a  case  in  which  the  entire 
loss  of  the  lower  lip  was  supplied  by  an  adaptation  of  the  Italian  method.  A 
flap,  including  the  skin  and  subcutaneous  fat,  was  dissected  up  from  the  right 
upper  arhi.  The  under  surface  of  the  flap  was  covered  with  Thiersch  grafts,  so  that 
at  the  end  of  ten  days  the  flap  was  covered  with  skin  on  both  sides.  At  a  sub- 
*  Bulletin  of  the  John  Hopkins  Hospital,  vol.  xvi.,  p.  109. 


Fig.  444. — Operation  of  Mauclaire.  A  flap  from 
the  mastoid  region  is  transferred  to  the  chin  and 
lower  lip. 
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sequent  operation  the  flap  was  sutured  into  position  and  the  arm  was  held  in  a 
plaster  cast  for  about  three  weeks.  Under  local  anaesthesia  the  flap  was  grad- 
ually separated  in  order  that  the  circulation  might  not  be  completely  cut  off 
at  one  time.  At  subsequent  operations  the  flap  was  trimmed  and  sutured 
accurately  into  position. 

This  operation  has  a  strong  pomt  in  its  favor  in  that  it  causes  no  further 
mutilation  of  any  other  part  of  the  face  or  neck.  A  very  serious  objection  to 
the  operation  is  the  tremendous  contraction  which  the  flap  undergoes  while 
the  grafts  are  growing,  in  the  interval  between  the  time  when  it  is  freed  and  the 
time  when  it  is  sutured  into  position. 

In  determining  the  type  of  plastic  operation  to  be  adopted  in  any  individual 
case,  the  factors  which  must  be  considered  are  the  extent  and  shape  of  the  loss 
of  substance  and,  more  especially,  the  necessity  for  additional  incisions  in  order 
to  reach  the  lymph  nodes  of  the  neck.  In  planning  an  operation  it  may  often  be 
possible  to  make  these  secondary  incisions  serve  the  double  purpose  of  giving 
access  to  the  triangles  of  the  neck  and  also  of  freeing  flaps  to  till  the  deficiencies. 


Fig.  445. — Esmarch's  Operation  for  Restoring  the  Red  Border  of  the  Mouth.  Incisions  A  E  C 
and  B  F  D  surround  the  mouth,  the  flaps  being  left  attached  at  the  conunon  pedicle  C  D.  The 
position  of  the  pedicle  would  obviously  varj'  with  the  location  of  the  gap. 


One  must  also  bear  in  mind  the  possibility  of  being  obliged,  while  dissecting  out 
lymph  nodes,  to  tie  vessels  which  may  impair  the  nourishment  of  the  flaps  as 
planned. 

Certain  conditions  must  be  fulfilled  in  a  successful  cheiloplasty.  First, 
there  must  be  a  mouth  of  proper  size  which  can  be  opened  and  closed  easily. 
The  teeth  must  be  covered  and  the  lips  must  prevent  any  escape  of  saUva  or 
food  during  mastication.  The  lips  must  as  far  as  possible  be  restored  to  their 
normal  shape,  and  they  should  have  a  red  border  and  an  inner  surface  of  mucous 
membrane  throughout  at  least  a  moderate  height,  in  order  to  prevent  firm 
fixation  to  the  jaw.  Furthermore,  the  cUsfigurement  secondary  to  the  restora- 
tion of  the  hps  must  be  inconspicuous. 

Restoration  of  the  Mouth. — Extreme  narrowing  of  the  mouth  may  fol- 
low cicatricial  contraction  due  to  bums  or  ulcerative  processes  about  the  lips. 
Occasionally  it  may  be  necessary'  to  enlarge  the  mouth  as  a  secondary  operation 
after  the  removal  of  very  large  epitheliomata.  Oftentimes  there  may  exist  at 
one  portion  of  the  mouth  sufficient  red  border,  if  properly  treated,  to  be  utilized 
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in  encircling  the  whole  mouth.  Under  these  conditions  the  ends  of  the  sound 
mucous  border  are  to  be  separated  by  incisions  reaching  to  a  central  pedicle. 
In  this  manner  the  two  ends  may  be  freed  and  united  at  a  point  opposite  the 
pedicle.     (Fig.  445.) 

Where  the  opening  of  the  mouth  is  very  small  two  lateral  incisions,  extending 
through  the  whole  thickness  of  the  cheek,  are  carried  directly  outward  from  the 
angles  of  the  mouth  far  enough  to  make  the  mouth  of  proper  width.  The  mucous 
membrane  is  then  sufficiently  separated  to  allow  its  being  stitched  to  the  skin 
all  around  the  new  opening.  It  may  be  wise  in  these  cases  to  cut  away,  where  it 
exists,  a  considerable  portion  of  the  subcutaneous  fat,  and  where  there  is  any 
superfluous  skin  it  may  be  cut  away  to  some  extent  in  order  to  bring  into  slightly 
greater  prominence  the  new  mucous  border.  It  is  especially  important  that  the 
skin  and  mucous  membrane  be  united  at  the  angles  of  the  new  mouth.  If  pri- 
mary union  is  not  secured  at  this  point,  renewed  contraction  of  the  opening  will 
certainly  follow.  It  is  well  at  the  corner  of  the  mouth  to  divide  the  incision  in 
the  mucous  membrane  into  a  horizontal  Y,  in  order  that  the  small  triangular 
flap  thus  formed  may  be  stitched  to  the  skin  at  the  corner  of  the  mouth.  This 
procedure  is  exactly  analogous  to  that  used  in  operations  for  webbed  fingers. 
In  carrying  the  incision  outward  from  the  cheek  it  may  often  be  wise  to  make 
the  cut  through  the  mucous  membrane  at  a  level  a  trifle  higher  than  that  through 


Fig.  446. — Method  of  Restoring  to  its  Normal  Shape  the  Deformed  Corner  of  the  Mouth. 
The  flap  ABC,  which  is  left  attached  by  the  red  border  at  A,  where  the  distortion  ceases,  and  by 
the  space  between  C  and  the  mouth,  is  transferred  to  the  slit  CD. 

the  skin,  as  thereby  a  little  more  mucous  membrane  would  be  brought  into  view 
on  the  lower  than  on  the  upper  lip,  and  the  normal  relations  would  be  more 
closely  imitated. 

In  certain  cases  it  is  necessary  to  restore  a  corner  of  the  mouth,  which  has 
been  distorted  by  cicatricial  contraction,  to  its  normal  shape  and  position. 
The  operation  of  choice  in  these  cases  must  depend  on  circumstances.  Where 
the  mouth  is  of  normal  size  and  is  lined  by  normal  mucous  membrane,  which, 
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however,  has  become  distorted  by  cicatricial  contraction  of  the  tissues  about  it, 
the  operation  of  choice  would  be  the  sliding  m  of  a  flap  to  fill  the  gap  left  by  the 
excision  of  the  contracted  tissues.  More  generally,  however,  the  tissues  of  the 
borders  of  the  mouth  are  injured  as  well  as  those  of  the  hps.  Under  these 
circumstances  it  is  necessary  to  alter  the  size  and  borders  of  the  mouth  itself  by 
the  transfer  of  a  flap.  This  may  be  done  by  a  ^'-shaped  incision  around  the 
deformity,  combined  with  an  incision — or,  if  necessary,  a  V-shaped  excision — 
extending  out  into  the  cheek,  to  change  the  position  of  the  comer  of  the  mouth. 
(Fig.  446.) 

Eversion  of  the  red  border  of  the  lip  may  be  corrected  by  freeing  the  mucous 
membrane  by  an  incision  carried  exactly  along  the  line  where  it  joins  the  skin. 
After  the  border  of  mucous  membrane  is  thoroughly  free,  so  that  it  may  resume 
its  normal  position,  the  skin  should  be  brought  in  to  support  it.  If  no  other 
operation  seems  more  feasible,  this 
may  be  done  by  cariying  downward, 
from  the  edge  of  the  skin  below  the 
middle  of  the  gap,  two  curved  diverg- 
ing incisions.  The  central  promi- 
nence of  the  chin  lies  between  the  in- 
cisions. (Fig.  447.)  The  parts  of 
the  lip  outside  each  of  the  incisions  is 
split  by  undermining  the  skin,  care 
being  taken  to  avoid  injury  to  the 
mucous  membrane.  The  two  flaps 
of  skin  thus  formed  are  moved  up- 
ward and  inward  to  be  united  to  each 
other  in  the  median  hne  above  the 
imdisturbed  prominence  of  the  chin. 
In  cases  in  which  the  ectropion  of 
the  Up  is  unilateral  only  one  flap 
need  be  raised. 

Operation  of  Serre. — In  cases 
in  which  there  is  widespread  de- 
struction about  the  corner  of  the 
mouth,  Serre  has  devised  a  method 

of  filling  the  gap  by  quadrilateral  flaps  freed  for  a  sufiicient  distance  to  make 
it  possible  to  draw  them  across  the  defect.  The  extent  and  number  of  the 
incisions  made  must  depend  on  circumstances.     (Fig.  448.) 

The  Eyelids. — While  most  plastic  work  upon  the  eyeUds  falls  within  the  prov- 
ince of  the  oculist,  the  surgeon  must  nevertheless  understand  the  principles 
which  govern  the  general  procedures,  and  very  frequently  he  will  be  called  upon 
to  perform  plastic  operations  in  cases  in  which  the  external  surface  of  the  lids 


Fig.  447. — Correction  of  Eversion  of  the  Red 
Border  by  Bringing  up  Supporting  Skin  Flaps  to 
Hold  the  Freed  Mucous  Membrane  in  Place. 
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has  been  lost  by  ulceration  or  through  the  removal  of  new  growths,  or  in  cases 
in  which  the  lid  is  drawn  out  of  shape  by  cicatricial  contractions  of  the  ex- 
ternal surface. 

Those  forms  of  ectropion  which  require  for  their  correction  the  resection  of 
the  conjunctiva,  correction  of  the  tarsal  cartilage,  or  shortening  of  the  edge  of 


Fig.  448. — Operation  of  Serre.  In  order  to  fill  the  defect  ABCDEF,  an  incision  D  G  is  carried 
outward  from  the  upper  border  of  the  defect  on  to  the  cheek.  A  second,  B  H,  is  carried  inward  on  to 
the  chin  from  the  lower  border  of  the  defect.  Two  others  are  carried  downward,  one,  C  I,  from  the 
lower  outer  comer  of  the  gap,  and  another,  K  J,  parallel  to,  and  as  far  inside  of  the  first  as  the  upper 
portion  of  the  gap  is  wide  (distance  should  equal  ED). 

The  flap  from  the  outer  part  of  the  chin,  JKCI,  if  sufficiently  undermined,  may  be  drawn  upward 
to  meet  the  upper  border  of  the  defect,  DE.  The  flap  from  the  median  part  of  the  chin,  HBA,  may  be 
drawn  outward  upon  the  cheek  to  the  outer  border  of  the  gap,  CD.  The  flap  GD  C  from  the  cheek  may 
be  drawn  inward  somewhat  to  help  fill  the  gap.  If  all  of  these  incisions  prove  unnecessary,  some  may 
be  omitted. 


the  lid  belong  distinctively  to  the  oculist  and  will  not  be  discussed  here.  There 
are,  however,  many  cases  of  ectropion  which  require  a  plastic  operation  upon 
the  skin  alone. 

Ectropion  due  to  cicatricial  contraction  of  the  skin  of  the  lid  may,  in  the 
milder  cases,  be  corrected  by  very  simple  measures.  In  any  event,  however, 
all  cicatricial  tissue  must  be  removed. 

The  Operation  of  Bonnet  consists  in  making  a  transverse  slit  through  the 
skin  slightly  below  the  edge  of  the  lid,  undermining  the  edges  of  the  incision, 
and  suturing  the  wound  perpendicularly. 

The  Operation  of  Wharton  Jones  is  usually  to  be  preferred,  however,  to 
that  of  Bonnet,  and  in  those  cases  in  which  the  cicatricial  tissue  is  limited  in  ex- 
tent, causing  only  a  partial  ectropion,  it  is  usually  the  method  of  choice.  A  V- 
shaped  incision  is  made  immediately  below  the  cicatrix.  The  arms  of  the  V 
embrace  the  scar  and  reach  nearly  to  the  edge  of  the  lid.  The  scar  is  separated 
from  the  underlying  tissues  and  is  pushed  upward.  The  skin  at  the  outer  sides 
of  the  V  is  undermined  to  a  slight  extent.  The  incision  is  then  closed  by  sut- 
ures in  such  a  manner  that  it  is  converted  into  a  Y. 

The  Operation  of  Guerin. — Guerin  has  devised  a  more  complicated  and 
less  satisfactory  operation  for  the  correction  of  ectropion — an  operation,  however, 
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which  may  be  useful  in  exceptional  cases.  He  makes  an  incision  in  the  shape 
of  a  flattened  W.  The  ends  of  the  outer  arms  of  the  W  come  below  and  be- 
yond the  commissures  of  the  lids,  while  the  central  point  of  th^  W  comes  below 
the  middle  of  the  lid.  The  skin  between  the  arms  of  the  two  V's  which  go  to 
make  up  the  W  is  undermined,  and  the  points  of  these  two  flaps  are  then  united 
just  above  the  middle  of  the  W.  Two  triangular  gaps  are  thus  formed  which 
may  be  closed  in  part  by  sutures  or  may  be  grafted  or  left  to  gi'anulate.  The 
operation  brings  no  new^  skin  into  the  lower  lid,  and,  owing  to  the  cicatrices 
which  must  result  from  the  gaps  which  are  left,  is  one  in  which  recurrence  may 
be  very  likely  to  take  place.  Other  operations  are  ordinarily  to  be  preferred 
when  the  deformity  is  so  extensive  as  not  to  be  easily  corrected  by  the  opera- 
tion of  TNTiarton  Jones. 

Method  of  Jaeger  and  Richet. — Jaeger  and  Richet  have  devised  a  com- 
plicated operation  which  has  little  to  commend  it.  An  incision  is  made  parallel 
with  and  slightly  below  the  border  of  the  lid.  The  edges  of  this  incision  are 
undermined  so  that  the  border  of  the  Ud  may  be  raised  into  position.  A  gap  is 
thus  formed  along  the  line  of  the  incision.  Parallel  with  and  a  Uttle  below  it 
a  second  incision  is  made.  This  bridge,  of  skin  between  the  two  incisions  is 
completely  freed  and  raised  to  meet  the  edge  of  the  lid.  The  gap  is  thus 
transferred  to  the  location  of  the  lower  incision.  This  may  be  closed  in  part 
by  sutures  passed  transversely,  thus  converting  the  secondary  horizontal  gap 
into  a  T.  The  central  bridge  may,  if  too  long,  as  is  often  the  case,  be  short- 
ened by  resection  at  the  middle. 

The  Method  of  Dieffexbach.— This  method  is  intended  to  close  a  triangu- 
lar gap.  The  base  of  the  triangle  is  parallel  with  the  border  of  the  lid  and  shghtly 
removed  from  it,  the  apex  bemg  away  from  the  border  of  the  lid.  From  each  end 
of  the  base  of  the  triangle  lateral  incisions  are  carried  outward  and  away  from  the 
lids.  The  flaps  thus  marked  out  are  undermmed  and  sUd  inward  to  be  united 
beneath  the  border  of  the  lid.  The  excision  of  the  cicatrix  and  the  tension  of 
the  flaps  are  intended  to  be  sufficient  to  correct  the  ectropion,  but  it  must  be 
remembered  that  no  new  skin  is  brought  in  from  beyond  the  lid  itself. 

Other  operations  intended  to  correct  ectropion  depend  for  their  success  upon 
increasing  the  tension  from  side  to  side  in  the  skin  or  through  the  whole  thickness 
of  the  lid.  They  are  appUcable  chiefly  to  those  cases  in  which  the  ectropion  is 
due  to  relaxation  of  the  tissues,  but  an  understanding  of  the  principles  upon 
which  they  are  based  may  often  aid  the  surgeon  in  closing  a  defect. 

The  simplest  procedure  of  all  is  the  excision,  from  the  edge  of  the  lid,  of  a 
V-shaped  piece  including  its  whole  thickness.  A  hare-Up  pin  may  be  of  use  m 
uniting  the  edges,  ^^^len  the  excision  is  at  the  mid«lle  of  the  lid  the  collection 
of  tears  may  interfere  with  prompt  union.  The  modification  of  von  Ammon,* 
who  makes  the  excision  at  the  outer  end  of  the  Ud,  is  preferable. 

*  Zeitschrift  f Or  Augenheilkunde,  Bd.  i.,  S.  529. 
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The  Operation  of  Dieffenbach  gives  results  similar  to  that  of  von  Ammon. 
A  triangular  piece  of  skin  is  excised  directly  outside  the  outer  canthus.  The 
base  of  the  triangle  is  horizontal  and  is  directly  continuous  with  the  outer 
commissure.  The  apex  points  downward.  The  edge  of  the  lid  is  then  cut  away 
for  the  distance  desired,  and  a  V-shaped  piece  of  mucous  membrane  is  also  ex- 
cised. The  canthus  is  divided,  and  the  skin  of  the  outer  part  of  the  lid  is  then 
drawn  outward  to  fill  the  gap  originally  made  outside  the  commissure. 

The  Operation  of  Szymanowski  is  very  similar  to  that  just  described. 
The  ciliary  border  of  the  lower  lid  is  excised  for  a  distance  of  about  5  or  6  mm.  (| 
in.)  from  the  outer  canthus.  A  very  long  and  thin  triangular  flap  of  skin  is  then 
excised  from  just  outside  the  outer  canthus.  The  upper  angle  of  this  denuded  area 
should  be  about  7  or  8  mm.  (f  in.)  above  the  outer  canthus,  and  the  lower  angle 
nearly  the  same  distance  below  it.  (Fig.  449.)  The  outer  end  of  the  lower  lid  is 
then  split  for  a  short  distance  inward.  The  corner  of  the  flap  thus  formed  is 
drawn  obliquely  upward  into  the  upper  angle  of  the  gap  which  has  been  formed 
to  receive  it. 

The  Operation  of  von  Graefe. — von  Graefe  has  planned  an  ingenious 
and  somewhat  similar  operation.  He  carries  an  incision  from  the  inner  to  the 
outer  canthus  along  the  free  border  of  the  lid.  From  either  end  of  this  line  a 
perpendicular  incision  is  made,  and  the  skin  between  these  two  incisions  is  freed 


Fig.  449. 


Fig.  450. 


Fig.  449. — The    Operation  of    Szymanowski.     The  outer  end  of  the  ciliary  border  is  excised. 
The  point  o  is  brought  up  into  the  apex  a'  of  the  triangle  excised  outside  the  outer  canthus. 
Fig.  450. — Operation  of  von  Graefe. 

to  form  a  flap.  From  either  or  both  corners  of  this  flap  a  quadrangular  piece  of 
skin  is  cut  away.  The  inner  side  of  the  quadrangle  has  a  re-entrant  angle.  (Fig. 
450.)  In  this  manner,  by  drawing  up  the  flap  to  fill  the  gap,  the  skin  of  the  lid 
is  drawn  more  tightly  transversely;  at  the  same  time,  perpendicularly  it  is  less 
tense  than  before. 

The  Operation  of  Richet  is  suitable  for  the  correction  of  ectropion  and  is 
also  available  for  filling  a  defect  near  the  outer  canthus.  Two  concentric  incis- 
ions, convex  to  the  outside,  are  carried  around  the  outer  canthus.  The  skin  be- 
tween the  two  is  excised  and  the  outer  commissure  is  freed  from  the  underlying 
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bone.  From  the  middle  of  the  outer  incision  opposite  the  canthus  an  incision  is 
carried  downward  and  inward,  ^\dth  a  long  sweep,  on  to  the  cheek.  From  the 
middle  of  this  cut  another  incision  is  carried  upward  and  outward.  The  two 
pointed  flaps  between  these  incisions  are  then  freed  and  transposed  in  such  a 
manner  that  the  apex  of  the  outer  flap  is  carried  above  the  inner  to  fill  the 
gap  in  the  lower  hd.     (Fig.  451.) 

In  those  cases  in  which  the  border  of  the  lid  and  the  conjunctival  mucous 
membrane  are  both  destroyed  it  is  often  necessary  to  resort  to  two  operations 


Fig.  451. — Operation  of  Richet.     The  gap  between  a  Vc  and  adc  maj'  be  filled  bj-  the  transfer  of 
the  two  fHjinted  flaps  as  the  lettering  indicates. 


— one  intended  to  restore  the  skin  surface,  the  other  to  replace  the  mucous 
membrane. 

Various  methods  have  been  tried  for  the  restoration  of  the  mucous  mem- 
brane. The  flap  which  is  used  to  form  the  external  layer  of  skin  may  be  doubled 
upon  itself  so  as  to  make  an  inner  as  well  as  an  outer  layer.  Grafts  of  mucous 
membrane  have  been  taken  with  success  from  the  vagina,  the  lip,  and  the  inner 
surface  of  the  cheek.  Thiersch  gi-afts  also  have  been  usetl  to  line  the  new  lid. 
The  conjunctiva  of  a  rabbit  has  also  been  grafted  upon  the  inner  surface  of 
the  new  lid.  In  any  of  these  procedures  the  flaps  which  are  to  foim  the  external 
surface  of  the  lid  may  be  prepared  and  their  internal  surfaces  grafted  before 
they  are  brought  into  their  new  positions,  though  if  this  is  done  the  shrinkage 
of  the  flap  is  \'ery  gi-eat.  Flaps  of  skin  may  be  folded  in  so  that  the  epidermal 
surface  will  be  toward  the  eye.  One  of  the  most  ingenious  of  the  procedures  of 
this  sort  is  the  folding  dowTi  of  a  flap  of  skin  from  the  upper  lid  to  form  the  inner 
layer  of  the  lower  lid.  The  flap  is  left  attached  at  the  edge  of  the  upper  lid 
for  some  days  until  its  nutrition  is  well  established.  Fuchs  has  taken  a  piece 
of  skin,  together  with  a  thin  la}  er  of  cartilage  from  the  concha  of  the  ear,  to 
make  the  new  inner  lining  of  the  eyelid. 

These  various  procedures,  however,  in  which  the  reconstruction  of  the  whole 
thickness  of  the  lid  is  involved  are  so  intimately  coDnected  with  the  eye  itself 
that,  for  the  details  of  technique  in  operating  and  in  the  after-care,  the  article 
on  the  surgery  of  the  eye  must  be  consulted. 
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It  is  evident  that  in  all  operations  involving  the  eyelids  it  is  of  the  utmost 
importance  to  preserve,  by  the  most  careful  dissection,  every  possible  bit  of  sound 
mucous  membrane. 

Blepharoplasty. — While  some  of  the  operations  thus  far  mentioned  are 
adapted  to  the  filling  of  defects  in  the  hds,  those  which  are  to  be  described  are 
intended  primarily  to  fill  deficiencies,  although  they  are  of  course  equally 
available  as  aids  in  correcting  cicatricial  ectropion. 

The  operations  intended  to  restore  the  eyelid  may  be  divided  into  various 
groups. 

The  first  and  by  far  the  most  generally  useful  method  is  the  Indian — that 
of  transplanting  a  flap  of  skin  from  the  neighboring  parts.  In  the  early 
operations  of  this  kind  the  flap  was  left  with  a  broad  pedicle,  and  in  a  few  in- 
stances the  pedicle  was  carried  across  an  area  of  sound  skin.  The  name  of 
Fricke*  is  usually  associated  with  the  operation;  but  it  has  been  variously 

modified,  and  adapted  to  different 
conditions,  by  Blasius,  Hasner,  De- 
nonvilHers,  Ammon  and  Langen- 
beck,  St.  John,  and  many  others. 
(Fig.  452.) 

In  most  of  the  operations  the 
flap  is  to  be  practically  vertical 
when  cut.  It  should  have  the  form 
of  the  gap  to  be  filled,  but  should  be 
a  third  larger  in  size.  The  pedicle 
should  be  opposite  to  the  inner  or 
outer  canthus  and  should  immedi- 
ately adjoin  the  gap  to  be  filled. 
The  flap  may  be  taken,  according 
to  circumstances,  from  the  skin  at 
the  inner  or  at  the  outer  side  of 
the  eye,  and  may  be  either  above  or  below  the  eye.  The  subcutaneous  tis- 
sue should  be  included  in  the  flap.  When  much  cicatricial  tissue  exists  about 
the  face,  the  spot  from  which  the  flap  is  taken  may  be  modified  according  to 
the  conditions  existing.  The  temple,  the  forehead,  the  region  of  the  cheek 
bone,  the  side  of  the  nose,  have  all  been  utilized  for  flaps.  The  smaller  the 
pedicle  the  more  easily  the  flap  may  be  turned  into  its  new  position.  Langen- 
beck  especially  has  called  attention  to  this  fact  and  also  to  the  increased  ease 
of  turning  the  flap  by  curving  away  from  the  eye  the  end  of  the  incision  next 
the  pedicle.  The  flap  in  all  cases  should  be  wide  enough  to  overcorrect  slightly 
the  deformity,  because  there  is  always  some  tendency  to  contraction  of  the  flap. 

*  Fricke:  "Bildung  neuer  Augenlider  nach  Zerstorung  und  dadurch  hervorgebrachter  Aus- 
wartswendung  derselben,"  Hamburg,  1829. 


Fig.  452. — Operation  of  Fricke.  In  order  to  fill 
the  gap  AB  C  the  flap  BA'B'  is  cut  from  the  tem- 
poral region.  A'  is  brought  to  A.  The  secondary 
gap  may  be  closed  at  once. 
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The  pedicle  should  be  placed  in  such  a  manner  that  if  it  contracts  it  will  not 
tend  to  draw  the  lid  away  from  the  eye.  Thus,  it  should  be  somewhat  toward 
the  canthus  rather  than  directly  opposite  the  gap  in  the  lid.  The  flap  should  be 
sutured  into  position  with  the  greatest  accuracy,  but  it  is  always  wise  first  to 
close  the  area  from  which  the  flap  has  been  taken.  Other-wise  suture  of  the  de- 
nuded area  may  pull  upon  the  pedicle  enough  to  draw  the  lid  out  of  position. 

While  the  conditions  in  no  two  cases  are  exactly  aUke,  and  while  in  practice 
the  condition  of  the  skin  about  the  eye  is  the  factor  which  determines  the  plan- 
ning of  the  flaps,  nevertheless  a  clear  understanding  of  certain  ^^•ell-recognized 
types  of  flap  is  essential. 

Hasner's  Operation. — Hasner*  has.  in  a  similar  manner,  taken  a  flap  from 
the  glabella  and  forehead  to  fill  a  gap  in  the  inner  part  of  the  lower  lid.  (Fig. 
453.)     Hasner  has  also  applied  the  same  principle  to  cases  in  which  the  upper 
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Fig.  453. — Hasner's  Operation.     The  tip  of  the  flap  A'  is  brought  to  the  end  of  the  defect  A. 
Fig.  454. — Hasner's  Modified  Operation.     A  forked  flap  for  reconstruction    of  the  canthus 
may  be  taken  from  the  nose  or  from  the  temjxjral  region. 


and  the  lower  lid  about  the  inner  or  outer  canthus  had  both  been  destroyed, 
with  the  loss  of  a  horseshoe-shaped  area.  In  this  operation  the  end  of  the 
flap  farthest  from  the  pedicle  is  divided,  so  that  when  it  is  transferred  to  its 
new  position  one  arm  will  fit  into  the  upper  lid,  while  the  other  will  fit  into  the 
lower  lid.     (Fig.  454.) 

Operation  of  Blasius. — The  operation  of  Blasius  closely  resembles  that  of 
Hasner,  except  that  the  flap  is  taken  from  the  skin  covering  the  side  of  the  base 
of  the  nose  when  the  gap  to  be  filled  is  near  the  inner  commissure,  f 

St.  John,  instead  of  taking  a  vertical  flap  from  one  side  of  the  eye,  took  his 
flap  for  the  upper  lid  from  just  below  the  lower  lid,  in  such  a  manner  that  the 
scar  would  follow  the  wTinkle  in  the  skin  at  the  edge  of  the  orbit.  | 

Schaler  and  Hirschfeld  have  transferred  flaps  of  skin  from  one  eyelid  to  the 
other  in  order  to  close  small  gaps. 

♦Medicinische  Zeitung,  March,  1842. 

t"  Entwurf  einer  anatomischen  Begriindung  der  Augenheilkunde. " 
t  Trans.  Am.  Ophth.  Soc,  1893,  p.  597. 
VOL.  IV. — 13 
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Fig.  455. — Operation  of  Lan- 
dolt.  A  flap  attached  only  at  the 
two  ends  is  lowered  from  the  up- 
per to  fill  a  gap  in  the  lower  lid. 
The  attached  ends  are  divided 
only  after  the  flap  has  becomefirm- 
ly  adherent  in  its  new  situation. 

Operation  of  Monks.- 


Operation  of  Landolt. — Landolt  {Arch,  d' Ophthalmol,  1885,  p.  492)  has 
devised  a  most  ingenious  operation  for  the  restoration  of  the  lower  lid  by  means 
of  the  skin  from  the  upper.  When  a  strip  along  the  whole  length  of  the  lower 
lid  is  destroyed  two  cuts  are  made  along  the  whole  length  of  the  upper  lid. 

One  is  just  above  and  parallel  with  the  lid  bor- 
der. The  second  is  not  quite  1  cm.  (|  in.) 
above  the  first.  The  ends  of  the  flap  thus  marked 
out  are  left  attached.  The  entire  bridge  of  skin 
is  then  separated,  together  with  the  orbicularis 
muscle,  and  is  displaced  downward,  to  form  the 
new  lower  lid.  (Fig.  455.)  The  gap  in  the  upper 
Hd  is  closed  by  sutures  at  once.  At  a  later  opera- 
tion the  pedicles  of  the  flap  are  cut  across,  and  the 
ends  may  then  be  sutured  into  accurate  position 
at  either  canthus.  The  operation  is  unsuitable 
in  those  cases  in  which  the  defect  extends  far 
from  the  lid  border. 

Monks  (Boston  Medical  and  Surgical  Journal,  Oct. 
20th,  1898)  has  introduced  an  entirely  new  principle  in  plastic  surgery,  suggested 
to  him  by  a  procedure  of  Dunham. 

Monks  filled  a  defect  in  the  lower  lid  by  a  flap  taken  from  the  forehead.  The 
pecuharity  of  his  procedure  consisted  in  making  the  pedicle  include  only  the  an- 
terior branch  of  the  temporal  artery  and  vein,  with  the  surrounding  subcutaneous 
tissues.  The  flap  was  brought  into  position  by  tunnelling  under  the  skin  be- 
tween the  proximal  end  of  the  pedicle  and  the  gap  to  be  filled.  Thus  the  pedicle 
was  buried  without  making  an  external  scar.  The  incision  made  in  dissecting 
out  the  pedicle  and  the  secondary  gap  in  the  forehead  were  closed  by  sutures. 

The  second  method  of  blepharoplasty  is  the  French,  which  includes  opera- 
tions of  an  entirely  different  character.  A  flap  taken  from  adjacent  tissue  is 
slid  directly  into  the  gap  without  jumping  it  across  an  intervening  area  of  un- 
disturbed skin.  Under  most  circumstances  these  operations  are  less  satisfactory 
than  those  in  which  a  flap  with  a  pedicle  is  turned  into  the  gap.  But  in  cer- 
tain instances  the  skin  of  the  parts  immediately  adjacent  is  the  best. 

Method  op  Dieffenbach. — The  method  of  DiefTenbach*  is  adapted  for  clos- 
ing a  triangular  gap  in  the  skin  of  the  middle  of  the  lower  lid.  A  horizontal  incis- 
ion is  carried  outward  from  the  angle  of  the  defect  close  by  the  outer  commissure. 
This  is  continued  far  enough  to  obtain  a  flap  sufficiently  wide  to  fill  the  gap. 
The  incision  is  then  carried  downward  parallel  with  the  outer  side  of  the  defect. 
(Fig.  456.)  The  trapezoid  flap  of  skin  thus  freed  is  slid  inward  to  fill  the  gap 
in  the  lid.  Whatever  portion  of  the  gap  left  in  the  cheek  cannot  be  closed  satis- 
factorily by  sutures  should  be  covered  by  Thiersch  grafts. 

*  Caspar's  Wochenschrift,  Bd.  i.,  S.  8. 
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Szymanowski*  modifies  the  incision  in  a  manner  which  gives  a  slightly- 
wider  flap  and  at  the  same  time  renders  it  easier  to  fill  in  the  area  from  which 
the  flap  is  taken.  He  carries  the  incision  upward  and  outward  instead  of  directly 
outward.  The  contraction  of  scars  made  by  this  incision  would  have  less  tend- 
ency to  draw  the  new  fid  out  of  place. 

Arlt  t  makes  the  free  upper  edge  of  the  flap  wider  than  the  pedicle.  He  finds 
that,  by  carrj-ing  the  lower  end  of  the  outer  incision  farther  down  upon  the 
cheek,  the  flap  may  be  turned  more  readily. 

The  chief  objection  to  these  operations  is  that  a  scar  is  left  on  a  conspicuous 
portion  of  the  face  over  the  upper  part  of  the  malar  bone.     In  order  to  ob\  iate 


Fig.  456. 


Fig.  457. 
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Fig.  456. — Operative  Method  of  Dieffenbach.     The  dotted  line  shows  how  Szymanowski  mod- 
ifies the  incision. 

Fig.  457. — Operation  of  von  Siklossy.     The  secondary  gap  is  transferred  to  a  point  near  the  ear. 

this,  von  Siklossy  has  proposed  carrying  the  original  horizontal  incision  directly 
backward,  if  need  be,  to  the  ear.  By  undermining  the  skin  below  this  incision 
it  is  indeed  possible  to  form  a  very  wide  flap,  which  can  then,  after  the  gap  has 
been  closed,  be  slid  diagonally  inward  without  any  further  cuts.  If,  however, 
the  tension  is  not  sufficiently  removed  by  this  long  incision,  it  may  be  carried 
do^^Tlward  just  in  front  of  the  ear.  Thus,  any  new  gap  created  may  be  con- 
cealed by  the  hair,  but  at  the  expense  of  a  long  scar.     (Fig.  457.) 

Harlax's  Method  of  Closing  the  Second.\ry  Gap. — Harlan  %  has  turned 
down  a  flap  from  the  temple  to  help  close  the  secondary  gap  created  by  the  slid- 

*"Handbuch  der  oper.  Chir.,"  S.  223.  fGraefe  u.  Saemisch,  Bd.  iii.,  S.  475. 

t"  System  of  Diseases  of  the  Eye,"  by  Norris  and  Oliver,  \'iii.,  p.  118,  Figs.  40,  41,  and  42. 
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ing  in  of  the  flap  in  Dieffenbach's  method.  The  advantages  of  this  second  flap 
are  that  it  brings  sound  skin  alongside  the  primary  flap  and  transfers  the  granu- 
lating area  to  a  point  above  the  canthus.     (Fig.  458.) 


Fig.  458. — Harlan's  Method  of  Closing  the  Secondary  Gap,  in  Dieffenbach's  Method.  The  sec- 
ondary gap  DCE,  made  by  sliding  in  the  flap  EHGF,  is  closed  by  Harlan  by  means  of  a  flap, 
ABCD,  which  is  taken  from  the  temporal  region  and  which  can  be  turned  down  on  its  pedicle," 
leaving  only  a  small  tertiary  gap  at  Z. 

In  order  to  fill  a  gap  in  the  inner  part  of  the  upper  lid,  Landolt  split  the 
sound  external  portion  of  the  lid  into  a  flap  of  mucous  membrane  and  a  flap 

of  skin.  The  cutaneous  flap  is  freed  from  the 
edge  of  the  lid  upward  as  far  as  the  eyebrow. 
Thus  a  flap  is  freed  which  may  be  slid  inward 
to  close  the  gap.  The  operation  is  not  to  be 
recommended.  Instead  of  bringing  tissue  from 
other  parts  to  supply  the  defect  it  mars  the 
remaining  sound  portion  of  the  lid. 

Harlan  has  modified  this  procedure  some- 
what by  dividing  the  flap  of  mucous  membrane 
from  the  skin  flap  more  extensively.  He  freed 
the  cutaneous  flap  to  a  point  beyond  the  outer 
canthus  and  upward  to  a  point  above  the  eye- 
brow. In  this  manner  much  greater  mobil- 
ity of  the  flap  was  obtained,  and  any  second- 
ary gap  that  might  remain  was  transferred 
to  a  point  well  outside  the  canthus. 

Second  Operation  of  Hasner. — When  the 
defect  is  at  the  corner  of  the  eye  and  involves 
both  lids,  the  method  of  Hasner  is  useful. 


Fig.  459. — Hasner's  Second  Opera- 
tion. Hasner's  method  of  fiUing  a  gap 
at  the  inner  canthus  allows  greater  mo- 
bility of  the  borders  of  the  defect.  The 
flaps  CAP  and  EBD  may  be  slid  into 
the  defect.  If  the  tips  of  the  flaps  are 
redundant  they  may  be  trimmed  off,  as 
shown  in  the  dotted  lines  to  K  and  G. 
Cutting  off  the  point  of  the  upper  flap 
to  G  gives  a  straighter  new  border  to 
the  lid.  (See  Norris  and  Oliver:  "A 
System  of  Diseases  of  the  Eye,"  p.  119.) 
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Two  sickle-shaped  flaps  are  formed  immediately  adjoining  the  gap.  The 
upper  incision  has  its  base  at  the  bridge  of  the  nose  and  its  tip  above  the  eye, 
while  the  conditions  are  reversed  with  the  lower  flap.  By  bringing  the  tip  of  the 
lower  flap  up  against  the  base  of  the  upper,  the  gap  is  filled.  Hasner  has 
modified  the  operation  sUghtly  by  shortening  the  tips  of  the  flaps.*     (Fig.  454.) 

The  Operation  of  Burow. — The  operation  of  Burow  involves  the  removal 
of  a  triangular  piece  of  skin  from  the  temporal  region.  The  apex  of  the  trian- 
gle is  to  be  upward,  the  base  at  the  level  of  and  just  outside  the  outer  commis- 
sure.  The  area  of  skin  excised  should  equal  the  size  of  the  gap  in  the  lower  lid 


Fig.  460. — Operation  of  Burow.     In  order  that  the  point  B  may  be  brought  readily  in  contact  with 
B'  (immediately  below  the  inner  canthus),  Burow  excises  the  redundant  skin  in  the  triangle  A. 


I 


to  be  filled.  The  skin  below  the  freshly  excised  aiea  is  then  undermined  and 
slid  inward.     (Fig.  460.) 

The  operation  might  be  useful  when  two  areas  of  the  lids  were  lost,  but  the 
removal  of  the  second  triangular  area,  in  order  to  allow  better  adjustment  of  the 
flap  to  fill  the  original  area,  involves  an  unnecessar}'  sacrifice  of  sound  skin. 

The  Oper.\tiox  of  Kxapp. — In  cases  in  which  the  gap  in  the  lower  lid  is 
quadrangular  in  shape  Knapp  carries  two  parallel  horizontal  uicisions  out  over  the 
cheek  from  the  upper  and  lower  sides  of  the  defect.  The  flaps  of  skin  between 
the  incisions  are  undermined  and  they  are  made  long  enough  to  be  dra\ATi  in- 
ward to  fill  the  gap.  The  objection  to  the  operation  is  that  the  lateral  stretch- 
ing of  the  flap  causes  a  loss  in  its  height  and  may  consequently  make  the  amount 
of  skin  intended  for  filling  the  gap  somewhat  deficient.     (Fig.  461.) 

♦Hasner:  "Entwurf  einer  anatomischen  Begrundung  der  Augenheilkunde." 
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The  Italian  Method. — Under  most  unusual  circumstances  it  may  be  necessary 
to  resort  to  still  a  third  method — the  Italian.  Paul  Berger  (Congres  frangais  de 
Chirurgie,  October  9th,  1899,  p.  361)  has  described  the  technique.  The  patient 
must  first  be  made  gradually  accustomed  to  the  position  which  later  he  or  she 
will  have  to  occupy  for  two  weeks.  The  arm  is  so  placed  that  its  inner  side 
comes  close  to  the  outer  canthus.  The  flap  is  first  carefully  marked  off  on  the 
arm  and  is  then  freed  and  sutured  in  position.  The  pedicle  is  left  rather  broad 
and  may  be  cut  across  at  the  end  of  two  weeks.  The  agony  endured  from  the 
constrained  position  is  so  great  that  the  method  has  been  used  but  seldom. 


Fig.  461. — Operation    of    Knapp.     A  rectangular  flap  is  dissected  up  on  each  side  of  the  defect, 
and  the  two  are  then  united  so  as  to  obliterate  the  gap. 

Although  the  upper  arm  has  generally  been  used  for  the  flap,  the  constraint  is 
much  more  endurable  when  the  forearm  is  used. 

The  Indian  method  is  in  most  instances  so  very  satisfactory  and  gives  rise  to 
so  slight  a  scar  that  practically  the  only  cases  in  which  the  Italian  method  need 
be  considered  are  those  in  which  all  the  skin  about  the  upper  face  has  been  in- 
volved in  scar  tissue. 

The  use  of  Wolfe  grafts  in  plastic  work  upon  the  eyelids  is  mentioned^  in  the 
section  on  Skin  Grafting  (p.  622). 

While,  so  long  as  the  dressing  is  in  place,  there  is  usually  no  risk  of  the  dis- 
placement of  the  flaps  due  to  opening  the  lids,  it  is  nevertheless  a  wise  precau- 
tion, in  certain  instances,  to  unite  the  upper  and  lower  lid  margins  with  two 
or  three  temporary  silk  stitches. 
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In  this  section  the  classical  work  of  Xelaton  and  Ombreclanne — "  La  Rhino- 
plastie,"  190i— has  been  used  with  the  greatest  freedom.  Many  of  the  illustra- 
tions are  taken  from  their  work.  The  smaller  treatise  of  Depage — "  La  Chirurgie 
Reparatrice  de  la  Face,"  1905 — has  also  been  freely  consulted  in  this  and  the 
preceding  sections. 

Loss  of  the  nose  has  in  the  past  been  due  to  many  causes.  In  India,  for  ex- 
ample, amputation  of  the  nose  was  a  common  form  of  punishment.  In  Italy 
the  noses  of  brigands  were  cut  off.  Among  the  Egyptians,  Greeks,  and  Romans 
this  mutilation  was  a  form  of  punishment  for  adulter\';  in  the  twelfth  century 
it  was  a  penalty  for  assault  upon  women.  In  all  these  instances  the  intention 
was  to  stamp  the  victims  as  criminals  and  to  make  them  permanently  repulsive. 
When  the  Danes  invaded  England,  women  and  young  girls  cut  off  their  noses 
in  order  to  save  their  honor  by  making  themselves  hideous.  In  Germany  the 
duels  between  students  have  at  times  been  responsible  for  nasal  disfigurement. 
In  some  instances  in  personal  fights  parts  of  the  nose  have  been  bitten  or  cut  off. 
Fortunately,  with  the  advance  of  ci\'ilization  the  loss  of  the  nose  from  these 
causes  is  less  frequent. 

The  loss  of  the  nose  has  occurred  as  the  result  of  gangrene  during  typhoid 
fever  and  severe  confluent  smallpox.  Anthrax  and  the  Aleppo  boil  have 
destroyed  more  or  less  of  the  nose.  Gangrene  of  the  nose  may  also  follow  severe 
frost-bite.  The  chief  causes  of  destruction  are,  however,  syphihs,  tuberculosis, 
and  malignant  disease.  Fortunately,  the  treatment  of  the  last  two  diseases  by 
means  of  the  x-ray  has  diminished  the  UabiUty  of  extensive  destruction.  The 
recognition  of  the  necessity  for  prompt  and  efficient  treatment  has  decreased 
the  ravages  of  congenital  syphiUs.  SyphiUs  is  most  likely  to  produce  destruc- 
tion of  the  bony  supports  of  the  nose.  Tuberculosis  and  malignant  disease 
commonly  destroy  portions  of  the  external  surface. 

In  order  that  the  hideous  disfigiuement  due  to  the  loss  of  the  nose  might  be 
removed,  rhinoplasty  has  been  practised  for  centuries.  It  is  one  of  the  oldest 
branches  of  surgery  and,  from  the  three  different  procedures  practised  in  the 
different  coimtries,  the  general  methods  have  been  caUed  the  Indian,  the  French, 
and  the  Italian. 

As  in  any  branch  of  therapeutics  the  multiplicity  of  remedies  indicates  the 
ineffectiveness  of  all  agents,  so  the  great  number  of  rhinoplastic  operations  which 
have  been  devised  indicates  that  none  is  satisfactory.  In  fact,  no  operation  in 
plastic  surgerj'  offers  such  difficulties. 

The  distinguishing  characteristics  of  the  three  leading  methods  may  be 
briefly  stated  as  follows : — The  Indian  method  consists  in  taking  a  flap  from  the 
forehead  and  bringing  it  into  place  by  twisting  the  pedicle.    The  French  method 
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is  constituted  by  sliding  flaps  inward  from  adjacent  parts.  The  Italian  method 
is  characterized  by  the  practice  of  taking  a  flap  from  the  arm  and  suturing  it 
into  position  without  completely  severing  its  original  attachments  until  after  it 
has  united  sufficiently  to  be  nourished  by  its  new  attachments. 

Innumerable  modifications  of  the  original  operations  have  been  devised, 
chief  among  them  being  the  doubling  over  of  a  flap,  the  use  of  an  internal  and  an 
external  flap,  and  the  use  of  flaps  which  include  periosteum,  bone,  or  cartilage. 

The  selection  of  the  method  of  operation  must  depend  upon  the  degree  of 
destruction  of*  the  nose,  upon  the  soundness  of  the  skin  of  the  surrounding  parts, 
upon  the  general  health  and  age  of  the  patient,  and  upon  the  necessity  or  desira- 
bility of  minimizing  the  scars  made  upon  the  face.  In  general,  it  may  be  stated 
that  when  the  bony  or  cartilaginous  supports  of  the  nose  are  destroyed,  any 
operation  which  brings  into  position  only  an  unsupported  flap  of  skin  will  inevi- 
tably give  an  unsatisfactory  result  as  soon  as  the  inflammatory  swelling  which 
follows  the  operation  subsides.  Double  flaps  which  employ  an  internal  and  an 
external  layer  of  skin  yield  slightly  better,  but  still  unsatisfactory,  results.  Some 
form  of  bony  or  cartilaginous  support  is  essential  if  the  contour  of  the  new  nose 
is  to  be  maintained.  Nature  tends  to  flatten  out  all  projecting  areas  of  skin  and 
subcutaneous  tissue.  This  fact,  which  helps  to  simplify  most  plastic  work,  is 
a  direct  disadvantage  in  operations  like  rhinoplasty,  where  the  attempt  is  made 
to  create  projections. 

The  Indiapii  Method. — The  original  Indian  operation  is  one  that  has  little  to 
commend  it,  although  the  immediate  results  may  seem  satisfactory.  The  in- 
flammatory sw^elling  gives  considerable  stiffness  to  the  nose  at  first,  but  later 
cicatricial  contraction  occurs,  the  nares  become  very  small  if  not  completely 
obliterated,  and  the  skin  loses  its  shape  and  sinks  into  a  shapeless  mass.  In 
these  cases  the  criticism  is  true  that  rhinoplasty  has  converted  a  repugnant  into 
a  ridiculous  deformity. 

The  many  operations  performed  and  the  attempts  to  perfect  the  technique 
have,  however,  been  of  service  in  determining  the  most  useful  incisions  and  the 
best  methods  of  treating  the  pedicle,  and  in  establishing  similar  general  rules. 
They  laid  the  foundations  for  future  work.  A  thorough  understanding  of  the 
technique  is  therefore  essential. 

A  pattern  of  felt  is  first  to  be  made  of  the  proper  size  to  fill  the  defect.  Then, 
with  an  allowance  for  shrinkage  of  about  a  third,  the  shape  of  the  flap  is  marked 
out  on  the  forehead.  The  free  end  which  is  to  form  the  tip  of  the  nose  and  the 
septum  lies  at  the  edge  of  the  hair.  The  pedicle,  which  should  be  about  2  cm. 
(f  in.)  wide  and  of  about  the  same  length,  lies  between  the  inner  ends  of  the  eye- 
brows. Thus  the  arteries  on  each  side  of  the  nose  are  included  in  the  pedicle. 
The  flap  is  turned  thi-ough  one  hundred  and  eighty  degrees  to  bring  it  into  posi- 
tion.    (Fig.  462.) 

Many  variations  from  the  original  method  have  been  devised.     Some  op- 
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erators  change  the  form  of  the  pedicle,  others  the  shape  of  the  flap,  and  others 
still  the  direction  of  the  flap. 

It  is  plain  that,  as  just  described,  the  pedicle  is  turned  in  such  a  manner  that 
its  cutaneous  surface  crosses  o\"er,  at  the  base  of  the  nose,  a  smaU  area  which  has 
not  been  denuded  of  skin.  Under  these  conditions  the  pedicle  must  be  cut  across 
as  soon  as  the  nutrition  of  the  flap  is  assured.  This  cut  may  be  made  at  the 
level  of  the  upper  edge  of  the  gap  to  be  filled.     In  that  case  any  portion  of  the 


Fig.  462. — The  Indian  Operation. 


pedicle  that  is  separated  from  the  flap  may  be  replaced  m  its  original  position. 
If  desired,  the  pedicle  may  be  severed  as  near  its  base  as  is  possible.  It  may 
then  be  unfolded  and  be  placed  over  the  glabella.  By  carrjdng  one  incision  at 
the  side  of  the  pedicle  downward  underneath  the  other,  the  turning  of  the  flap  is 
greatly  facilitated,  but  the  nutrition  of  the  flap  may  be  impaired.  First  one  and 
then  the  other  artery  entering  the  pedicle  is  cut  off  if  the  incision  is  carried 
far  enough.  But  by  giving  the  pedicle  a  slight  obliquity,  not  only  is  it  sub- 
jected to  less  torsion,  but  the  flap  need  not  be  so  long,  because  the  pedicle  can 
be  used  to  fill  a  portion  of  the  gap  in  the  nose. 

The  various  methods  in  which  the  incisions  may  be  prolonged  downward 
upon  the  nose  are  best  understood  from  the  diagrams.  (Fig.  463.)  Lisfranc  and 
Labat  have  carried  the  incision  on  one  side  down  to  or  even  across  the  base  of 
the  nose.  Dieffenbach  prolonged  one  incision  do\NTi  to  the  upper  edge  of  the 
defect.  From  this  point  a  cut  may  be  carried  down  on  each  side  of  the  defect. 
The  skin  included  between  these  cuts  may  be  inverted,  or  the  area  of  skin  in- 
cluded between  them  and  about  the  edge  of  the  gap  may  be  excised.  In  aU 
of  the  modifications  except  that  of  Landreau  the  pedicle  lies  between  the  eye- 
brows. Landreau  changes  the  position  of  the  whole  flap  b}^  making  the  pedicle 
come  from  the  middle  of  the  forehead,  so  that  when  it  is  swung  into  position 
there  is  much  less  twisting  of  the  pedicle. 

The  great  risk  in  this  last  method  is  that  the  nutrition  of  the  flap  may  be  im- 
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paired.  The  natural  course  of  the  vessels  is  disregarded.  Furthermore,  a 
greater  gap  and  one  harder  to  close  is  made  in  the  forehead.  In  the  other  opera- 
tions at  least  one  of  the  arteries  which  run  up,  one  on  either  side  of  the  nose,  is 
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Fig.  463. — Diagrams  Showing  the  Different  Ways  of  Making  the  Pedicle  of  the  Flap  from  the 
Forehead.     (After  N^laton  and  Ombr^danne.) 

preserved.    If  either  artery  is  cut,  the  risk  of  sloughing  is  greater  than  if  both 
are  left  as  in  the  original  method. 

After  the  flaps  have  united  in  their  new  positions  and  when  the  dressings  are 
removed,  the  pedicle  is  always  found  projecting  outward  as  a  brawny  mass  of 
skin.  In  time,  as  the  swelling  goes  down,  this  deformity  becomes  less  conspicu- 
ous. In  those  operations  in  which  the  pedicle  is  applied  directly  to  a  freshly 
denuded  surface,  in  approximately  the  position  it  will  always  occupy,  no  special 


Fig.  464, — Diagrams  Showing  Some  of  the  Various  Forms  of  Frontal  Flaps  which  have  been 

used  in  rhinoplasty. 

thought  need  be  given  to  this  matter.    Any  necessary  retouching  may  be  done 
later. 

The  modifications  in  the  shape  of  the  flap  have  been  made  chiefly  at  the  free 
end  which  goes  to  form  the  septum,  the  tip  of  the  nose,  the  alae,  and  the  nostrils. 
In  the  original  operation  the  flap  was  oval.     In  order  to  facilitate  moulding  the 


PLASTIC  SURGERY. 


683 


flap  into  its  proper  shape,  Delpech  divides  the  upper  portion  of  the  flap  into  three 
points  (Fig.  464,  a),  while  Langenbeck  divides  his  into  two  points  with  a  square 
piece  between  them  (Fig.  464,  g);  von  Graefe  makes  a  heart-shaped  flap  with 
a  square  piece  above  to  form  the  septum  (Fig.  464,  d);  Lisfranc's  main  flap 
has  a  triangular  shape  with  a  small  square  above  it  to  form  the  septum  (Fig. 
464,  c) ;  a  second  one  of  Langenbeck's  flaps  also  has  a  triangular  shape,  but  with 
a  smaller  triangle  above  it  (Fig.  464,  h).  Labat  gives  to  the  flap  the  shape  of 
the  ace  of  spades.  (Fig.  464,  h.)  There  are  various  other  modifications  in  the 
shape  of  the  flaps:  the  central  portion  may  be  triangidar;  the  other  angles 
may  be  sharp  or  rounded ;  the  divisions  between  the  upper  portions  of  the  flap 


Fig.  465. — Operation  of  Nelaton  and  Ombr^danne.  ("  La  Rhinoplastie,"  1904.)  At  a  prelim- 
inarj'  operation  a  piece  of  the  eighth  costal  cartilage,  which  ultimately  is  to  form  a  bridge  for  the 
nose,  is  inserted  transversely  beneath  the  skin  of  the  forehead  through  a  short  cut  on  the  side  at  the 
edge  of  the  hair.  Six  weeks  later  the  flaps  may  be  folded  and  turned  into  position.  In  a  the  three  in- 
ternal flaps  are  shown ;  in  b  the  frontal  flap,  moulded  at  the  tip,  is  shown  turned  down  into  place. 

may  be  wide  or  merely  incisions,  etc.  Linhart  and  Blasius  have  divided  the 
operation  into  two  stages.  At  the  first  stage  they  fold  over  those  portions  of 
the  flap  which  form  the  alae,  and  double  in  the  part  which  forms  the  columna;  at 
the  second  operation  they  turn  do\Mi  the  whole  into  position.  The  procedure 
offers  no  special  advantages.     (Fig.  464,  i.) 

The  method  which  is  characterized  by  taking  a  longer  flap  and  folding  over 
the  entire  tip  to  form  an  internal  surface,  has  no  special  advantages.  Nothing 
is  to  be  gained,  either,  except  in  special  cases,  by  taking  two  smaller  rather  than 
one  large  flap  from  the  forehead.      (Fig.  464,  I  and  m.) 

Innumerable  methods,  which  it  is  not  necessaiy'  to  describe  in  detail,  have 
been  devised  for  utilizing  double  flaps :  one  to  be  folded  in  to  form  an  inner  sur- 
face for  the  new  nose,  while  the  other  is  turned  or  drawn  into  position  to  cover 
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the  first.  The  method  of  Koenig  may  be  mentioned  because  he  took  both  flaps 
from  the  forehead.  The  internal  one  he  cut  as  a  long  narrow  strip  from  the 
median  line  and  folded  it  down  into  position,  while  he  turned  down  the  external 
flap  from  the  side  of  the  forehead. 

Nelaton  and  Ombredanne,*  in  what  they  recommend  as  the  method  of  choice, 
form  an  inner  surface  of  the  new  nose  by  folding  in  three  flaps ;  one  folded  down 
from  the  glabella,  and  one  on  each  side  folded  inward.  These  they  cover  with  a 
flap  cut  from  across  the  forehead,  beneath  which  flap  a  piece  of  the  eighth  cos- 
tal cartilage  has  been  previously  inserted.  The  operation  is  in  all  essential 
respects  the  same  as  that  which  they  recommend  for  the  correction  of  saddle 
nose.  The  direction  of  the  flap  is  changed  in  order  to  gain  length  sufficient  to 
allow  some  infolding  of  the  lower  end,  which  is  to  serve  as  a  lining  for  the  new 
nostrils.     (Fig.  465.) 

At  best,  the  Indian  operations  produce  terrible  scars  upon  the  forehead. 
In  most  cases  the  larger  exposed  areas  which  are  left  may  best  be  covered  by 
Thiersch  grafts.    Attempts  have  been  made,  however,  to  minimize  the  size  of 
the  gap  by  lateral  incisions  extending  outward  from  the  upper  border  of  the  de- 
fect along  the  border  of  the  hair.  Thus, 
two  lateral  flaps    are  formed    which 
may  be  approximated.     (Fig.  466.) 

The  French  Method.— In  attempt- 
ing to  build  up  an  entirely  new  nose  the 
method  of  using  flaps  drawn  in  from  the 
cheeks  is  absolutely  useless.  The  meth- 
od of  folding  or  turning  in  flaps  in  cases 
in  which  the  loss  is  partial  yields  excel- 
lent results.  In  those  operations  which 
have  been  done  to  construct  an  entire 
nose  in  this  manner,  attempts  have  been 
made  to  secure  the  flaps  in  their  new 
position  in  one  of  two  ways : — either  the  outer  border  of  the  flap  may  be  secured 
to  the  superior  maxillary  bone  or  periosteum  at  the  side  of  the  nose,  or  else  the 
flap  may  be  jumped  across  undisturbed  skin  and  underlying  tissues  at  the  side 
of  the  nose.  But  even  under  these  conditions  flaps  of  skin  not  held  forward  by 
firm  support  must  sink  into  a  shapeless  mass.  Nevertheless,  Serre,  Nelaton, 
Hueter,  and  Syme  have  described  operations  by  which  flaps  taken  from  the 
cheeks  just  outside  nasal  defects  have  been  slid  inward  to  make  a  new  nose. 
In  all  of  these  instances  the  pedicles  of  the  flaps  have  been  above,  at  the  base  of 
the  nose.  The  flaps  have  been  united  in  each  case  in  the  median  line.  In 
operations  of  this  nature,  however,  in  which  both  external  and  internal  flaps 
are  used,  the  French  method  may  be  of  greatest  value. 

*  "La  Rhinoplastie,"  p.  188. 


Fig.  466. — Method  of  Approximating  Edges 
of  Gap  Left  after  Turning  Down  a  Flap  from 
the  Forehead. 
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The  procedure  of  Blasius  may  be  mentioned  here,  as  in  it  flaps  are  taken 
from  the  cheek,  which,  instead  of  being  turned  or  slid  into  their  new  position, 
are  folded  in  so  that  the  raw  surfaces  are  exposed.  Then  the  skin  becomes 
the  lining  for  the  new  nose,  the  outer  covering  of  which  must  be  provided  for  in 
other  ways.  The  operation,  however,  is  not  to  be  recommended  when  there  is 
any  extensive  loss  of  bony  support. 

Many  operations  have  been  performed  in  which  one  set  of  flaps  was  taken 
from  the  cheek  and  the  other  from  the  forehead.  One  of  the  earliest  was  that  of 
Vemeuil,  who  folded  down  a  frontal  flap  to  form  the  inner  surface  of  the  nose, 
and  who  then  sUd  forward,  outside  of  this,  flaps  from  each  side  of  the  cheek, 
which  were  stitched  together  in  the  median  line.  A  nose  so  formed,  however, 
must  necessarily  be  shapeless  and  unsatisfactory. 

Much  more  rational  is  the  method  of  Thiersch,  who  folded  in  a  flap  from 
each  cheek  toward  the  median  line.  Thus  the  inner  surface  of  the  nose  was 
formed.  A  flap  was  then  turned  down  from  the  forehead  to  cover  the  outside 
of  these  flaps.  B}^  making  the  first  flaps  long  enough,  the  outer  ends  may  be 
folded  backward  in  the  mecUan  line,  raw  surface  to  raw  surface,  to  form  a  new 
septum.  The  cutaneous  surface  of 
these  flaps  would  thus  line  the  entire 
anterior  and  inner  walls  of  the  nasal 
ca\4ty  as  far  back  as  the  septum 
was  destroyed. 

Helferich*  has  folded  a  flap  in 
from  one  cheek,  and  has  covered 
the  outer  raw  surface  with  a  flap 
turned  in  from  the  opposite  cheek. 
(Fig.  467.)  The  pedicle  of  the  first 
flap  was  at  the  side  of  the  nose. 
That  of  the  second  was  above,  be- 
tween the  eye  and  base  of  the  nose. 
In  this  operation  no  provision  is  made  for  a  septum.  The  external  flap  cannot 
be  made  to  cover  accurately  and  completely  the  raw  surface  of  the  internal 
flap.  In  case  any  rudimentarj^  ala  remains  on  the  side  from  which  the  internal 
flap  is  taken,  the  flap  at  first  must  of  necessity  be  folded  around  outside  of  it. 
At  a  secondary  operation  the  pedicle  of  this  flap  may  be  cut  across  and  the 
free  edge  pushed  foi-ward  to  be  sutured  to  the  remnants  of  the  ala,  the  nose 
thus  gaining  in  sjTnmetry  and  in  size. 

Kcegan  folded  down  two  flaps  from  each  side  of  the  base  of  the  nose,  and 
covered  their  anterior  raw  surfaces  with  a  frontal  flap.  The  diagrams  further 
on  illustrate  many  of  the  various  procedures. 

The  Italian  Method. — The  Italian  operation  is  one  which  presents  certfdn 

*  Gesellschaft  f.  Chir.,  1888,  Bd.  xviii.,  S.  108. 


Fig.  467. — Operation  of  Helferich.  A  flap  from 
one  cheek  is  folded  in  to  form  the  inner  laj*er.  It  is 
covered  by  a  flap  from  the  other  cheek. 
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distinct  advantages  and  in  selected  cases  is  the  most  satisfactory.  A  flap  is 
ti'ansferred,  in  two  or  more  stages,  from  some  part  of  the  arm  or  forearm.  No 
scar  is  made  upon  the  cheek  or  forehead.  The  method,  however,  is  one  which 
entails  considerable  suffering  on  the  part  of  the  patient,  owing  to  the  awkward 
and  strained  position  in  which  the  arm  must  be  fastened  for  a  fortnight.  Fur- 
thermore the  wound  must,  from  its  location,  become  more  or  less  foul  and 
offensive.  There  is  also  a  certain  amount  of  risk  that  an  embolism  may  oc- 
cur when  the  arm  is  set  free.  This  is  secondary  to  venous  thrombosis,  due  to 
more  or  less  infection  and  also  in  some  measure  to  the  interference  with  the  cir- 
culation in  the  constrained  arm.  Although  previously  described,  the  operation 
is  associated  with  the  name  of  Tagliacozzi,  in  part  on  account  of  the  apparatus 
which  he  devised  for  securing  the  arm  to  the  head.  This  apparatus  consisted  of 
a  canvas  cap  covering  the  whole  of  the  top,  back,  and  sides  of  the  head.  Holes 
were  cut  out  for  the  ears.  The  cap  extended  down  the  neck  where  it  was  joined 
to  a  camisole  which  fitted  snugly  about  the  chest,  but  allowed  free  movement 
of  the  arms.  Fastened  to  the  camisole  on  the  side  on  which  the  flap  from  the 
arm  was  to  be  taken  was  a  cloth  gutter  which  extended  forward  in  such  a  way 
as  to  fit  below  the  arm  when  it  was  raised  and  flexed  so  that  the  fingers  might 
grasp  the  back  of  the  head.  From  the  vicinity  of  the  bend  of  the  elbow  two 
cloth  bands  extended  back  on  each  side,  one  of  each  set  being  fastened  to  the 
side  of  the  cap,  the  other  to  the  camisole.  A  continuation  of  the  gutter  ex- 
tended onward  along  the  back  of  the  forearm  to  the  wrist,  where  it  broadened 
out  in  such  a  manner  as  to  fasten  the  wrist  to  the  top  of  the  head.  Thus  the 
arm  was  fixed  so  that  its  anterior  surface  lay  close  in  front  of  the  face  and  so  that 
the  spread  fingers  grasped  the  back  of  the  head. 

Berger  modified  somewhat  the  position  in  which  the  arm  was  fixed,  by  rais- 
ing it  higher  and  rotating  it  in  such  a  manner  that  the  forearm  lay  obliquely 
across  the  front  of  the  head.  The  upper  arm  lay  a  little  to  one  side  of  the  middle 
of  the  face  and  the  head  was  turned  a  little  toward  it  to  bring  the  nose  into  posi- 
tion. There  was  no  essential  difference  between  the  two  methods  as  regards  the 
manner  of  attaching  the  flap. 

With  the  introduction  of  plaster  of  Paris  the  various  forms  of  specially 
constructed  apparatus  have  been  practically  supplanted.  The  plaster  bandage 
should  encircle  the  chest  below  the  arms,  extend  upward  at  the  back  and  sides 
of  the  neck,  and  cover  the  entire  scalp  and  forehead.  The  ears  need  not  be  in- 
cluded, nor  need  the  plaster  extend  over  the  shoulders  in  front.  Greater  strength 
may  be  gained  by  incorporating  within  the  bandage  a  metal  strip,  curved  so  as 
to  extend  in  the  median  line  from  the  forehead  backward  across  the  top  of  the 
head  and  downward  along  the  neck  and  back  to  the  bottom  of  the  plaster. 
The  padding  should  be  of  such  a  nature  that  it  does  not  slip  out  of  place  or 
become  matted.  Relatively  thin  felt,  pieces  of  Canton  flannel,  and  glazed 
sheet  wadding  are  the  best  materials.    If  the   plaster  bandages  are  laid  on 
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smoothly,  an  ordinary  knit  undervest  without  seams  or  buttons  makes  a 
most  satisfactory  padding  for  the  chest,  provided  it  be  properly  reenforced  by 
extra  padding  in  those  places  only  in  which  pressure  is  likely  to  do  harm.  The 
head  may  be  covered  with  Canton  flannel.  Padding  may  be  needed  about  the 
occiput  and  mastoid  processes  and  to  a  less  extent  on  the  parietal  and  frontal 
prominences.  The  head  should  be  flexed  and  turned  a  little  toward  the  side 
from  which  the  flap  is  to  be  taken.  The  part  of  the  plaster  cast  which  includes 
the  head,  neck,  and  chest,  may  be  made  removable  by  splitting  it  across  the  front 
of  the  chest  and  holding  it  in  place  with  straps.  It  should  be  apphed  at  the 
latest  on  the  day  before  the  operation,  in  order  that  it  may  be  thoroughly  hard. 
It  may  weU  be  worn  at  times  during  several  days  in  order  that  the  patient  may 


Fig.  468. — Methods  of  Flap  Formation  by  Utilization  of  the  Arm.  (After  Ndlaton  and  Ombr^ 
danne.)  a,  Flap  of  Tagliacozzi.  Both  ends  are  at  first  left  attached,  and  a  strip  of  gauze  is  passed 
beneath.  Later,  one  end  is  cut  free  and  fastened  to  the  nose ;  b,  flap  of  von  Graefe ;  c  and  d,  flap 
of  DiefFenbach.  At  the  first  step  both  ends  are  left  attached  and  the  flap  is  folded  on  itself.  At 
a  later  stage  one  end  is  cut  free  and  fastened  to  the  nose. 
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become  accustomed  to  it.  \Mien  the  flap  is  in  position,  and  with  the  patient 
fully  anaesthetized,  the  arm  is  fixed  by  strips  of  plaster  bandage  applied  across 
the  back  of  the  arm  and  forearm.  Each  strip  should  extend  from  the  hand, 
which  is  fixed  to  the  head,  along  the  forearm  and  arm  to  the  back  of  the  chest. 
The  fingers  may  be  left  free.  Strips  of  plaster  bandage  must  also  be  apphed  at 
the  outer  side  of  the  flexed  arm  to  prevent  motion  of  the  elbow  from  side  to 
side.     Particular  pains  should  be  taken  to  avoid  pressure  on  the  tip  of  the  elbow. 

Depage  has  had  satisfactory  results  from  using  ordinary  bandages  without 
special  apparatus  of  any  sort. 

In  the  original  Italian  operation  a  flap  was  taken  from  the  anterior  surface 
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of  the  upper  arm  over  the  belly  of  the  biceps.  The  broad  pedicle  of  the  flap 
lay  about  an  inch  and  a  half  above  the  bend  of  the  elbow.  The  narrower  upper 
end,  which  was  sutured  to  the  root  of  the  nose,  lay  well  up  on  the  arm.  The 
broad  pedicle  when  cut  across  was  moulded  into  shape  to  form  the  septum  and 
the  two  alse,  together  with  a  lining  for  the  nostrils.  This  may  be  facilitated  by 
splitting  the  broad  end  into  three  parts.  In  all  the  modifications  of  this 
method  the  pedicle  is  used  to  form  the  lower  part  of  the  nose.     (Fig.  468.) 

Von  Graefe  and  DiefTenbach  have  modified  somewhat  the  shape  of  the  flap. 
They  made  a  longer  and  narrower  pedicle  resembling  the  handle  of  a  shovel. 
This  longer,  narrower  pedicle  obviously  impairs  the  nutrition,  but  allows  greater 


Fig.  469. — The  Operation  of  Fabrizi.     The  flap  is  taken  from  the  arm  close   to  the  bend   of 

the  elbow. 


freedom  in  moving  the  flap  and  may  be  ver}^  useful  in  cases  in  which  the  alse 
are  not  destroyed,  but  in  which  the  lower  septum  is  lacking.  DiefTenbach  freed 
only  one  side  of  a  long  pedicle  at  first,  thus  insuring  better  nutrition  of  the  flap 
while  at  the  same  time  gaining  something  in  mobility. 

The  Operation  of  Fabrizi. — Fabrizi  *  has  taken  a  flap  from  the  anterior 
and  outer  lower  part  of  the  upper  arm.  (Fig.  469.)  He  fixed  the  arm  with  the 
elbow  in  front  of  the  chin  and  with  the  hand  placed  on  the  opposite  shoulder; 
the  head,  as  a  matter  of  course,  was  flexed  in  order  to  bring  the  nose  near  the 
elbow. 

The  Operation  of  Steinthal. — Steinthal  f  has  devised  an  operation  which 
involves  a  double  transfer  of  a  flap  from  the  front  of  the  chest.  The  flap  is  first 
attached  to  the  radial  side  of  the  forearm  just  above  the  wrist.  (Fig.  470,  a.)  The 
second  step  is  taken  when  the  union  between  the  flap  and  the  forearm  is  suffi- 
cient to  insure  the  nutrition  of  the  flap.  It  includes  the  separation  of  the  flap 
*  Gazette  des  H6pitaux,  1841,  p.  429.      tBeitrage  zur  klin.  Chirurgie,  1901,  xxix.,  S.  485. 
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and  the  immediate  suture  of  the  free  end  to  the  base  of  the  nose.    The  hand  is 
fastened  to  the  head,  with  the  pahn  on  the  forehead.     (Fig.  470,  b.) 

Methods  of  Isil\el  and  of  Kuester.— Israel*  and  Kuesterf  have  utilized 
a  flap  from  the  upper  arm  \\ith  the  cutaneous  surface  turned  inward.   (Fig.  471.) 


Fig.  470.— The  Operation  of  Steinth&I.     a.  First  step:  attachment  of   the  flap  from  the  chest 
Ito  the  radial  side  of  the  forearm  preparaton,-  to  its  transfer  to  the  nose;  b,  second  step:  detachment 
jf  the  chest  flap  from  the  arm  and  reattachment  to  the  nose. 

ITlie  position  in  which  the  arm  is  attached  is  exactly  as  it  is  in  the  original 
Italian  operation,  but,  by  ha^'ing  the  pedicle  above  instead  of  below,  the  position 

of  the  flap  is  exactly  reversed.  The 
raw  surface  must,  of  course,  be  cov- 
ered later  by  an  anterior  flap  taken 
from  any  desired  point. 

Israel  J  has  also  devised  an  in- 
genious application  of  the  Italian 
method,  in  accordance  with  which  a 
flap  may  be  taken  from  the  lower 
part  of  the  ulnar  side  of  the  fore- 
arm. (Fig.  472.)  In  this  operation 
a  portion  of  the  ulna  is  included  to 
give  bony  support.  The  pedicle  of 
the  flap  is  toward  the  elbow;  and  the 
free  end,  which  is  attached  at  the  base 
of  the  nose,  is  taken  from  just  above 
the  wTist.    The  pedicle  curves  some- 

Iwhat  toward  the  posterior  surface  of  the  forearm. 


Fig.  471. ^Kuester's  Operation.     A  flap  is  ta- 
ken  from    the   upper  arm,    with  the  cutaneous 
face  turned  inward. 


*  Gesellschaft  f.  Chir..  1895,  xxiv.,  137. 
t  Arch.  f.  klin.  Chir.,  1896,  liii.,  255. 
VOL.  IV. — 44 


t  Arch.  f.  klin.  Chir.,  1894,  xlviii.,  179. 
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When  the  flap  is  taken  from  the  forearm  the  maintenance  of  the  position  is 
much  less  irksome  than  when  it  is  taken  from  the  upper  arm.  On  the  other 
hand,  the  skin  of  the  forearm  is  thinner  and  has  less  subcutaneous  fat  than  the 
skin  of  the  upper  arm,  and  therefore  shrinks  more.  Most  liberal  allowance  should 
in  any  case  be  made  for  shrinkage,  in  order  to  avoid  tension  not  only  on  the 


Fig.  472. — Operation  of  Israel.  The  flap  ABCDEF  is  cut  from  the  ulnar  side  of  the  forearm. 
The  pedicle  AF  is  a.  little  toward  the  back  of  the  forearm.  A  portion  of  the  ulna  is  chiselled  off 
and  included  in  the  flap  GH,  thus  giving  support  to  the  skin. 

flaps,  but  also,  and  more  particularly,  on  the  pedicle.     It  is  also  important  to 
allow  for  shrinkage  if  we  wish  to  secure  good  alse  and  a  good  columna. 

The  plan  of  utilizing  a  finger  to  form  a  new  nose  may,  notwithstanding  cer- 
tain difTerences  between  the  two,  be  regarded  as  a  modification  of  the  Italian 
method. 

James  Hardie,*  in  1875,  first  used  a  finger  in  reconstructing  a  nose.  He 
split  the  skin  longitudinally  along  the  palmar  surface.  At  the  base  of  this  in- 
cision he  made  transverse  cuts.  Two  lateral  flaps  were  thus  reflected  and  sut- 
ured to  the  margins  of  an  incision  made  in  the  median  line  of  the  nose,  after  the 
finger  had  been  placed  inside  the  nose.  This  first  operation  was  done  for  the 
purpose  of  correcting  a  saddle  nose.  The  operation  was  not  entirely  successful, 
but  since  then  similar  operations  have  been  performed  by  various  operators  with 
success. 

Vredena,t  in  1902,  modified  Hardie's  operation  by  utilizing  the  proximal 
phalanx  as  a  columna. 

*  Brit.  Med.  Jour.,  1875,  ii.,  p.  393.  t  Russk.  Vrach,  1902,  1,  717. 
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In  these  operations  the  finger  was  implanted  into  a  gap  in  front  of  the  nasal 
cavity. 

Finney,*  in  1907,  described  a  new  method  of  utiUzing  a  finger  by  mserting 
it  within  the  nose,  miderneath  the  skin  which  had  been  previously  raised  and 
refreshed  on  the  under  surface  without  external  incision.  He  used  the  ring  finger 
of  the  left  hand.  The  nail  and  matrix  were  completely  removed  and  the  dor- 
sum of  the  finger,  as  far  as  the  distal  end  of  the  first  phalanx,  was  denuded  of 
skin.  The  skin  from  the  entire  tip  of  the  finger  was  also  removed,  leaving 
the  distal  phalanx  partially  exposed.  The  retracted  and  deformed  skin  cover- 
ing the  nose  was  gradually  freed  from  its  attachments  below  without  making 
any  external  incision.  It  was  stretched  forward  by  inserting  a  blunt  instru- 
ment within  the  nose.  The  upper  part  was  freed  from  the  nasal  process  of  the 
frontal  bone,  and  the  inner  surface  of  the  skin  covering  the  front  of  the  nose  was 
denuded  along  the  middle  Hne.  In  order  that  the  raw  surfaces  might  lie  in  con- 
tact with  the  raw  surfaces  on  the  back  of  the  finger,  the  tip  was  pushed  within 
the  nose  until  it  rested  on  the  nasal  process  of  the  frontal  bone.  It  was  held  in 
place  by  sutures  at  the  lower  border  of  the  nose.  The  finger  was  then  fixed 
in  position  by  strips  of  adhesive  plaster  and  by  plaster-of-Paris  bandages.  At 
the  end  of  two  weeks  the  finger  was  cut  oflF  at  the  metacarpo-phalangeal  joint; 
at  the  end  of  another  week  the  skin  over,the  nasal  spine  of  the  superior  maxilla 
was  split,  and  the  projecting  proximal  phalanx  was  flexed  and  its  base  inserted 
into  the  hole  made.    Thus  a  new  columna  was  formed. 


k 


Replacement  of  the  Nose. 


There  have  been  several  authenticated  instances  of  replacement  of  the  nose 
after  it  had  been  completely  severed.  Cases  have  been  reported  of  replacement 
after  the  nose  has  been  cut  off  as  a  form  of  punishment  and  after  it  has  been 
severed  in  battle  or  in  duels.  Under  circumstances  in  which  such  a  course  is 
possible  the  attempt  should  always  be  made  to  replace  a  severed  nose,  as  every- 
thing is  to  be  gained  and  nothing  lost  by  the  attempt. 

There  have  also  been  numerous  instances  in  which  noses  have  been  trans- 
planted. Usually  the  nose  was  taken  from  an  unfortunate  slave,  although 
there  are  instances  in  which  brigands  have  robbed  of  his  nose  the  first  traveller 
whom  they  met,  in  order  to  replace  the  lost  member  of  one  of  their  company, 
which  had  been  cut  off  as  a  punishment. 

Myer,  in  1881,  completely  detached  a  piece  of  skin  from  the  forearm  and 
transplanted  it  to  form  a  new  nose.  Krause  has  similarly  used  pieces  of  de- 
tached skin  to  cover  infolded  flaps.  The  use  of  a  piece  of  the  ear  to  form  a  new 
ala  is  mentioned  in  the  section  on  that  subject. 

*  Surgery,  Gynecology,  and  Obstetrics,  vol.  v.,  p.  23. 
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Organic  and  Inorganic  Supports. 

Many  methods  of  providing  organic  support  for  the  new  nose  are  mentioned 
in  the  detailed  descriptions  of  the  various  operations.  Oilier,  in  1856,  included 
with  the  flaps  taken  from  the  forehead  a  piece  of  periosteum.  In  some  instances 
this  has  proved  very  satisfactory.  Sufficient  new  bone  has  been  formed  from 
the  transferred  periosteum  to  give  support  to  the  flaps.  On  the  other  hand, 
in  many  cases  the  periosteal  flap  has  proved  useless,  while  in  some  instances  the 
baring  of  the  frontal  bone  has  caused  necrosis.  In  general,  if  support  is  to  be 
taken  from  the  frontal  bone  at  all,  it  is  wiser  to  remove  a  piece  of  the  outer  table 
rather  than  trust  to  the  chance  of  new  bone  formation  from  periosteum. 

The  bone  flaps  have  been  cut  in  various  ways.  Koenig  chiselled  off  a  long 
narrow  vertical  strip  with  the  overlying  periosteum  and  skin,  folded  it  down, 
and  covered  the  whole  with  another  flap  turned  down  from  the  side  of  the  fore- 
head. Rotter  folded  down  a  much  broader  piece  of  bone,  which  was  then  split 
into  three  parts  by  two  vertical  cuts,  for  the  purpose  of  forming  the  back  and 
sides  of  the  new  nose.  In  order  to  prevent  detachment  of  the  overlying  tissues 
from  the  bone,  von  Hacker,  after  marking  out  a  flap  on  the  forehead,  drove  two 
parallel  rows  of  pins  through  the  skin  into  the  bone,  one  on  each  side  of  the 
median  Une  of  the  flap.  The  superficial  parts  of  the  flap  were  next  reflected  up 
to  the  pins.     The  portion  between  the  pins  was  then  chiselled  off. 

The  method  by  which  a  piece  of  the  frontal  bone  may  be  sawed  off  is 
shown  in  the  description  of  Nelaton's  operation  for  repairing  the  loss  of  the 
lower  part  of  the  nose.     (Fig.  485.) 

If  the  bone  flap  is  made  long  enough  the  lower  end  of  it  may,  after  it  is  placed 
in  position,  be  broken  oft"  and  bent  backward  to  give  firm  support  to  the  lower 
part  of  the  septum. 

Beside  the  pieces  which  have  been  chiselled  from  the  frontal  bone,  other 
sources  have  been  utiHzed  for  furnishing  the  desired  support.  Such  are,  for 
example,  pieces  taken  from  the  tibia,  pieces  of  costal  cartilage,  pieces  of  a  meta- 
tarsal bone,  the  phalanges  of  a  finger,  pieces  of  the  frontal  bone  of  a  rabbit,  etc. 

Numerous  forms  of  removable  supports  have  been  used.  Gutta  percha, 
celluloid,  silver,  gold,  hard  rubber,  and  amber  are  among  the  materials.  Such 
removable  supports,  however,  are  not,  as  a  general  thing,  to  be  recommended. 
When  it  is  decided  to  introduce  an  inorganic  support  that  is  intended  to  remain 
permanently  in  place,  the  form  should  vary  with  the  necessities  of  the  case.  In 
cases  of  saddle  nose,  for  example,  a  simple  straight  support  may  be  introduced, 
but  it  should  always  be  borne  in  mind  that  unless  the  tip  of  the  nose  be  supported 
it  may  soon  become  flattened  out  by  the  pressure  put  upon  it.  Therefore  in 
any  case  a  support  is  to  be  preferred  which  has  at  least  three  points  for  bracing- 
one  at  the  end  of  the  nasal  bone,  and  the  other  two  upon  the  maxillary  bones 
just  outside  the  nares.    There  may  be  an  additional  point  resting  against  the 
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pper  part  of  the  maxillarj^  bone  at  the  base  of  the  septum.  If  a  support  for 
the  entire  nose  is  necessar\%  narrow  bands  of  silver  or  platinum,  joined  in  the 
fonn  of  a  cross,  will  be  found  to  answer  the  purpose  best.  One  arm  of  the  cross, 
twice  as  long  as  either  of  the  other  three,  is  straight.  The  others  curve  sharply- 
backward  from  the  point  of  union.  At  the  four  ends  of  the  cross  small  points 
should  be  fastened  which  may  be  sunk  Into  the  bony  skeleton  of  the  nose.  The 
three  short  arms  of  the  cross  go,  one  through  the  septum,  the  other  two  through 
the  alse.    The  long  arm  goes  up  to  the  nasal  bone. 

Ver}'  man}'  methods  of  insertion  of  a  support  have  been  used.  It  need  only 
said  that  the  ca\4ty  into  which  the  support  is  to  be  inserted  must  be  dry  and 
free  from  blood.  It  must  be  completely  shut  off  from  the  nasal  ca^^ty  behind 
and  from  the  external  air  in  front.  If  possible,  no  line  of  sutures  should  directly 
overlie  the  foreign  body.  Thus,  the  smaller  the  openings  made  the  better,  and 
the  more  complicated  the  operation  the  greater  the  chance  of  failure.  Immediate 
failure  is  due  usually  to  suppuration,  in  which  case  healing  is  practically  im- 
possible while  the  foreign  body  remains.  Ultimate  failure  is  due  usually  either 
to  undue  tension  of  the  flaps,  which  leads  to  the  formation  of  sloughs,  or  to 
accidental  displacement  of  the  support. 

In  \'iew  of  the  fact  that  failure  of  an  attempt  to  insert  permanent  inorganic 
support  may  render  other  operations  more  difficult,  the  method  now  under 
consideration  is  one  to  be  adopted  only  after  most  careful  consideration. 

Restoration  of  the  Ale. 

P  In  determining  the  best  method  of  procedure  to  adopt  in  restoring  an  ala 
much  depends  upon  the  degree  of  destruction.  The  operation  is  greatly  sim- 
plified if  only  a  small  remnant  of  projecting  cartilage  remains  at  the  outer 
border  of  the  nostril  from  which  a  flap  may  gain  support.  Under  such  condi- 
tions the  tendency  to  cicatricial  contraction  of  the  nostril  is  greatly  diminished 
and  it  is  easy  so  to  'plan  the  operation  as  to  give  proper  form  to  the  outer 
edge  of  the  ala. 

In  many  of  the  minor  defects  of  the  ala  it  may  be  possible  to  turn  into  the 
gap  to  be  filled  an  edge  of  the  existing  defect.  In  those  instances  in  which  the 
border  of  the  defect  is  of  proper  shape  and  thickness  and  contains  cartilage 
completely  covered  by  weU-nourished  skin  and  mucous  membrane,  such  an 
operation  is  most  desirable.  In  this  manner  the  new  border  of  the  ala — a  point 
of  the  greatest  importance — may  be  at  once  established. 

In  turning  into  the  gap  a  flap  which  includes  the  whole  thickness  of  the  side 
of  the  nose  there  is  produced  a  secondary  defect  which  may  be  closed,  according 
to  its  size  and  location,  either  by  drawing  together  its  borders  or  by  folding  or 
turning  in  flaps  from  neighboring  parts.  Ob^^ously  the  thickness  of  the  flaps 
at  a  point  away  from  the  free  border  of  the  nostril  is  of  minor  Importance.     So 
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also  it  is  not  important  whether  the  flaps  which  fill  a  secondary  gap  in  the  side  of 
the  nose  do  or  do  not  contain  cartilage.  Cicatricial  contraction  will  occur  in  the 
flap  if  no  provision  is  made  for  an  internal  surface,  and  if  this  cicatricial  contrac- 
tion is  extensive  it  will  draw  the  free  border  of  the  nostril  out  of  shape,  but,  in 
the  milder  cases,  the  likelihood  of  great  deformity  from  this  cause  is  slight. 

Operation  of  Denonvilliers. — Numerous  operations  have  been  performed 
which  fill  the  gap  by  means  of  skin  taken  from  the  nose  itself.  Denonvilliers  * 
slid  a  flap  of  skin  downward  from  the  side  of  the  nose,  leaving  a  triangular  area 
above  to  heal  by  granulation  or  be  filled  by  grafting.  The  pedicle  of  such  a 
flap  may  lie  anteriorly  at  the  tip  of  the  nose  or  at  the  outer  end  toward  the  cheek. 


Fig.  473. 


Fig.  474. 


Fig.  473. — Operation  of  Denonvilliers.  The  defect  in  the  ala  is  filled  by  lowering  the  flap  AB  C. 
The  size  of  the  secondary  gap  may  be  diminished  by  prolonging  the  incision  CB  upward  beyond  b, 
across  the  bridge  of  the  nose. 

Fig.  83. — Operation  of  A.  N^laton.  The  skin  in  the  area  4 SC,  just  above  the  gap,  should  be  ex- 
cised or  folded  down  on  the  line  AC  to  form  an  inner  layer.  The  upper  part  of  the  area  of  skin  at 
the  side  of  the  nose  and  adjacent  to  the  flap  should  be  freed  so  that  the  point  reaching  up  from  C  to 
B  may  be  brought  up  toward  F  when  the  flap  BDEF  is  jumped  into  position. 


Better  nutrition  of  the  flap  is  assured  when  the  pedicle  is  external.  Mobility 
of  the  borders  of  the  secondary  gap  may  be  attained  by  prolonging  one  of  the 
incisions  across  the  bridge  of  the  nose  and  outward  above  the  eyebrow  of  the  op- 
posite side.  Thus  the  secondary  gap  may  be  made  smaller  at  the  expense  of  a 
longer  scar.     (Fig.  473.) 

Langenbeckf  has  transferred  a  rectangular  flap  from  the  sound  side  of  the 
nose  to  the  side  in  which  the  gap  existed.  If  this  is  done,  the  flap  shoukl,  if 
possible,  be  jumped  across  a  sound  piece  of  skin  at  the  tip  of  the  nose. 

Operation  of  A.  Nelaton. — NelatonJ  has  taken  a  quadrilateral  flap  from 

*  Verneuil:   "M6m.  de  Chirurgie,"  t.  i.,  p.  416. 

t  Szymanowski :   "Handbuoh  der  operativen  Chirurgie,"  1870,  p.  327. 

X  Malgaigne:   "Manuel  de  M6d.  op6ratoire,"  9th  edition,  ii.,  155. 


PLASTIC  SURGERY. 


695 


the  fold  between  the  nose  and  cheek,  but  has  left  the  pedicle  above.  (Fig.  474.). 
The  operation  is  suitable  when  the  defect  extends  far  up  into  the  nose.  TMien  the 
outer  part  of  the  ala  is  intact  it  may  be  necessar}-  first  to  excise  a  small  triangular 
area  of  skin  directly  above  the  gap.  The  flap  is  then  swimg  in,  across  the  small 
area  of  skin  which  is  left  at  the  side  of  the  nose  between  the  gap  and  the  place 
from  which  the  flap  has  been  raised,  and  sutured  into  its  new  position.  The 
triangle  of  skin  between  the  point  from  which  the  flap  was  takeiT  and  the  gap 
which  was  filled  may  be  swung  outward  to  help  close  the  secondar)^  gap.  It 
may  be  possible  to  fold  down  rather  than  excise  the  area  of  skin  just  above  the 

gap. 

Operation  of  Thompson. — Thompson  *  has  tmned  down  a  flap  from  the 
fold  between  the  side  of  the  nose  and  the  cheek.  In  this  operation  the  pedicle  lies 


Fig.  475. — Operation  of  Thompson.  In  a  the  outlines  of  the  cutaneous  flap  DAB  C  are  shown, 
and  the  muco-cartilaginous  flap  may  be  seen  folded  down  and  sutured  into  position  along  the  border 
of  the  defect ;  in  6  the  skin  flap  is  shown  in  position,  covering  the  inner  flap.  The  smaller  diagram 
c  represents  the  manner  in  which  the  muco-cartilaginous  flap  is  folded  down. 


directly  outside  the  nostril.  The  denuded  area  from  which  the  flap  is  taken  may 
be  closed  by  direct  suture.  (Fig.  475.)  The  skin  and  subcutaneous  tissues 
in  this  flap  are  so  thin  that  great  contraction  would  foUow  unless  some  firm  sup- 
port were  provided  underneath.  The  operation,  furthermore,  is  not  suitable 
for  filling  extensive  gaps  because  of  the  tension  put  upon  the  lower  eyelid.  In 
order  to  give  stiffness  and  to  pro\'ide  an  internal  surface  for  the  flap  Thompson 
has  devised  an  ingenious  method  of  splitting  the  septum  from  above  downward 
and  folding  over  into  the  gap  the  flap  of  mucous  membrane  and  cartilage  thus 

*  Dublin  Hospital  Gazette,  1855-56,  ii.,  212. 
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Fig.  476. — Operation  of  Bonnet. 
Method  of  taking  a  flap  that  includes 
the  whole  thickness  of  the  upper  lip. 


formed.  The  pedicle  of  this  muco-cartilaginous  flap  is  below,  near  the  junction 
of  the  septum  and  the  floor  of  the  nose.  Much  technical  skill  is  necessary 
to  turn  down  this  flap  from  above,  without  damaging  the  pedicle  or  in  some  other 

way  impairing  the  nutrition  to  such  an  extent 
as  to  cause  sloughing. 

Several  other  methods  have  been  devised 
by  which  internal  flaps  may  be  provided. 
Flaps  of  skin  may  of  course  be  folded  in  to 
take  the  place  of  the  absent  mucous  mem- 
brane. Such  flaps  may  usually  be  taken  from 
the  cheek  just  outside  the  nostril  or  from  the 
side  of  the  nose  above  the  defect.  The  area 
from  which  these  flaps  are  to  be  taken  is  to 
be  determined  largely  by  the  advisability  of 
covering  the  raw  surface  of  the  infolded  flap  with 
a  second  flap  in  accordance  with  any  of  the 
methods  described.  If  such  infolded  flaps  are 
not  covered  on  their  external  surface,  not  only 
are  the  scars  external  and  conspicuous,  but,  from 
their  contraction,  they  tend  to  flatten  and  depress  rather  than  round  out  the 
new  ala.  No  special  detailed  description  of  such  operations  is  required;  it  is 
enough  to  mention  briefly  that  of  Bouisson,*  who  folded  into 
a  defect  in  the  ala  a  flap  taken  from  the  fold  between  the  lip 
and  the  cheek  just  outside  the  gap.  He  covered  the  outer 
surface  of  this  flap  by  drawing  forward  a  second  flap  from  a 
point  immediately  above  and  behind  the  first. 

The  Operation  of  Bonnet. — Bonnetf  has  provided  an 
inner  surface  by  utilizing  a  flap  that  included  the  whole 
thickness  and  height  of  the  upper  lip.  The  inner  incision  is 
carried  from  the  outer  corner  of  the  nostril  directly  down- 
ward through  the  lip.  The  outer  incision  should  start  far 
enough  outside  the  first  to  insure  sufficient  width  of  flap.  It 
should  extend  downward  to  a  point  inside  the  corner  of  the 
mouth.  (Fig.  476).  The  exact  nature  of  the  incisions  is  of 
course  to  be  governed  by  the  shape  of  the  gap  to  be  filled. 
The  great  objections  to  the  operation  are  the  disfigurement 
of  the  upper  lip  and  the  undue  thickness  of  the  new  ala. 
Obviously,  in  men  the  operation  would  not  be  suitable 
because  of  the  mustache.  In  women  the  disfigurement  would  be  great. 
Beck  has  taken  a  V-shaped  piece  in  the  same  way,  but  he  has  done  it  in  such 
a  manner  as  to  avoid  disturbing  the  mucous  border  of  the  lip. 

*  Montpellier  Medical,  1864,  p.  128.  t  Gaz.  m6d.  de  Paris,  1847,  p.  610. 


Fro.  477. — Opera- 
tion of  Mutter.  A 
flap  is  drawn  inward 
from  the  cheek. 
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Weber*  has  taken  from  the  central  portion  of  the  upper  lip  a  flap  suitable  for 
filling  a  gap  in  the  ala.  The  pedicle,  in  his  operation,  Ues  just  below  the  septum. 
The  flap  is  t^\•isted  into  position  and  sutured  there.  Any  undue  closure  of  the 
nostril  must  be  remedied  by  a  secondary  separation  in  which  the  petlicle  is  cut 
across.  The  nostril  should  not  be  completely  closed  at  the  first  operation, 
because  any  retained  secretions  would  be  apt  to  prevent  healing.  The  operation 
has  little  to  commend  it. 

Mutter  t  has  drawn  a  flap  directly  inward  from  the  cheek.  The  sides  of  the 
defective  ala  are  first  refreshed  by  an  inverted  V-shaped  incision.  Then  from 
the  outer  end  of  the  V  a  horizontal  incision  is  carried  out  upon  the  cheek.  The 
comer  of  the  flap  of  skin  thus  formed  is  drawn  forward  across  the  gap  in  the  ala. 


Fig.  478. 


Fig.  479. 


Fig.  478. — Operation  of  Sedillot.  In  this  diagram  neither  incision  enters  the  nostriL  The  free 
end  of  the  flap  is  twisted  downward  to  give  a  proper  roll  to  the  pedicle  and  to  produce  the  promi- 
nence natural  to  the  ala. 

Fig.  479. — Fritz's  Method  of  Making  the  Incisions  that  Free  the  Flap,  which  latter  in  turn  is 
twisted  downward  as  in  the  preceding  figure. 


(Fig.  477.)  The  objection  to  this  operation  is  that  it  produces  a  tight  bridge  of 
skin  which,  to  be  sure,  closes  the  gap,  but  at  the  same  time  produces  a  shapeless 
ala  and  causes  an  unsightly  scar  upon  the  cheek. 

In  none  of  the  operations  ah-eady  described  is  any  special  attention  given  to 
reproducing  the  prominent  outer  part  of  the  ala.  Dupuytren,J  SediUot,^  Fritz, 
and  Dieffenbach  have  performed  operations  similar  in  character,  in  which  a  flap 
of  skin  is  taken  from  that  part  of  the  cheek  which  is  outside  of  and  below  the  ala, 
but  above  the  fold  which  is  normal  in  that  region.     (Figs.  478,  479,  and  480.) 

*  Szymanowski ;   "Handbuch  der  operativen  Chir.,"  1870,  p.  333. 

t  American  Medical  Journal,  1838,  p.  6. 

t  Labat:  Ann.  de  la  Med.  physiologique,  1833,  xxiv.,  814, 

i  Gaz.  m^d  de  Paris,  1844,  p.  676. 
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The  pedicle  of  the  flap  is  to  be  just  where  the  cheek  should  meet  the  absent  ala. 
The  flap  may  be  eUiptical,  quadrilateral,  or  semilunar  in  shape.  It  must  ex- 
tend outward  on  to  the  cheek  far  enough  to  give  ample  length  when  it  is  twisted 
into  its  new  position,  and  it  must  be  wide  enough  to  fill  the  gap  after  cicatricial 
contraction  has  occurred.  Very  abundant  allowance  of  tissue  is  necessary  in 
both  breadth  and  length  of  flap.     The  pedicle  is  twisted  in  such  a  manner  as  to 


Fig.  480. — Another  Operation  of  Sedillot.     This  differs  from  that  shown  in  Fig.  473  in   that   the 
upper  incision  enters  the  nostril  and  that  the  flap  is  twisted  upward  rather  than  downward. 

reproduce  the  shape  of  the  normal  ala.  The  inner  edge  of  either  the  upper  or 
the  lower  incision  should  usually  enter  the  nostril.  The  end  of  the  other  incision 
must  be  far  enough  removed  from  the  nostril  to  assure  a  pedicle  large  enough  to 
nourish  the  flap.  While  the  sweep  outward  of  the  ala  is  a  little  more  pronounced 
when  the  lower  incision  enters  the  nostril,  the  nutrition  of  the  flap  is  better 
assured  if  the  lower  incision  is  the  shorter  and  the  vessels  coming  up  from  the 
lower  lip  are  not  cut. 

It  is  usually  better  to  take  the  flap  from  a  slightly  lower  area  than  is  indicated 
in  the  diagrams,  in  order  to  follow  a  little  more  closely  the  natural  lines  of  the 
face.  Nelaton  and  Ombredanne  *  lay  down  the  following  general  rules  of  tech- 
nique:— The  flap  should  be  1  cm.  (f  inch)  longer  than  the  area  to  be  filled.  The 
inner  incision  should  start  on  the  outer  side  of  the  gap  to  be  filled,  and  should 
extend  downward  and  outward  along  the  fold  between  the  lip  and  cheek.  The 
outer  incision  should  be  2.5  cm.  (1  inch)  higher  up,  and  should  end  above  at  a 
point  back  of  the  middle  of  the  spot  where  the  ala  should  be.  The  pedicle  of 
the  flap  should  be  between  the  ala  and  the  upper  end  of  the  external  incision. 
The  flap  is  to  be  seized  below  and  dissected  up  with  the  underlying  fat.  The  tip 
of  the  flap  is  to  be  sutured  to  the  front  of  the  gap  to  be  filled.  What  was  origi- 
nally the  lower  anterior  border  is  to  be  sutured  to  the  top  of  the  gap.    A  stitch 

*  "La  Rhinoplastie,"  p.  349. 
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should  unite  the  cheek  directly  back  of  the  pedicle  to  the  upper  hp,  and  the  re- 
mainder of  the  incision  is  then  to  be  closed.  In  this  manner  the  prominence 
of  the  ala  is  restored.  The  scar  on  the  cheek  follows  a  natural  fold.  As  cica- 
trization advances,  the  skin  is  rolled  into  the  nostril  and  forms  a  good  border. 

In  any  case  in  which  the  avoidance  of  a  scar  is  of  the  utmost  importance 
the  Italian  method  is  to  be  preferred.  The  flap  which  is  to  fill  the  gap  should  be 
taken  from  the  forearm.  It  should  include  the  subcutaneous  fat  which  will 
serve  to  make  the  new  ala  stand  out  properly.  The  pedicle  should  be  very  long 
indeed,  as  it  undergoes  marked  contraction  after  it  is  cut  across.  If  there  is 
found  to  be  tissue  to  spare,  the  extra  skin  may  be  turned  in  to  line  the  flap, 
thus  minimizing  secondary  contraction.  In  those  more  extreme  cases  in  which 
the  whole  ala  is  destroyed,  so  that  no  vestige  of  cartilage  remains  above  the  naso- 
labial fold,  this  operation  may  very  likely  lead  to  subsequent  atresia  unless 
special  precaution  be  taken.  Under  these  conditions  an  operation  in  three 
stages  is  advised  by  Nelaton  and  Ombredanne.*  At  the  first  sitting  a  flap  is 
taken  from  the  middle  of  the  forearm  and  sutured  to  the  upper  lip  below  the 
nostril.  This  flap  should  be  taken  from  the  radial  border  in  order  to  avoid  the 
large  number  of  veins  on  the  anterior  surface  of  the  forearm.  The  flap  should 
be  sutured  into  an  incision  made  obliquely  downward  and  inward  from  the 


-^^\  (  ^^    -^^  ]  i  ^^    ^^  ]  I  ^^- 


Fig.  481. — Operation  of  Nelaton  and  Ombr^danne.  a,  Skin  flap  from  the  forearm  attached  just 
below  the  nostriL  Cutaneous  surface  is  facing  forward,  b.  Flap  turned  and  folded  in  such  a  way 
that  the  external  border  AB  is  uppermost,  and  the  cutaneous  surface  faces  backward.  The  border  of 
the  skin  is  sutured  to  the  refreshed  edge  of  the  mucous  membrane,  c,  The  flap  is  again  folded  upon 
itself  so  that  it  may  cover  the  raw  surface  of  the  infolded  portion.  In  time  any  superfluous  tissue  at 
the  lower  part  may  be  trimmed  away. 

naso-labial  fold  just  outside  the  destroyed  ala  to  a  point  below  the  septum. 
(Fig.  481,  a.)     The  skin  side  is  to  be  uppermost. 

About  two  weeks  later,  the  second  step  in  the  operation  is  performed.  The 
pedicle  is  cut  across,  and  the  flap  is  sutured  in  place  in  the  following  manner, 
to  form  the  new  ala : — The  edges  of  the  nostril  are  refreshed,  and  the  external 
border  of  the  flap  is  also  refreshed,  twisted,  and  folded  upward  in  such  a  manner 

*  "La  Rhinoplastie,"  p.  351. 


700 


AMERICAN  PRACTICE  OF  SURGERY. 


that  the  cutaneous  surface  points  inward.  In  this  position  the  flap  is  united 
with  the  mucous  membrane  at  the  border  of  the  nostril.  (Fig.  481,  b.)  What  was 
originally  the  inner  edge  of  the  flap  is  then  folded  upon  itself  and  is  sutured  back 
to  the  skin  around  the  edges  of  the  gap.  Thus  the  anterior  and  outer  borders 
of  the  new  nostril  are  established,  but  a  certain  amount  of  redundant  tissue 
is  left  below.     (Fig.  481,  c.) 

At  the  third  sitting,  after  the  cicatrical  contraction  of  the  tissues  is  com- 
plete, any  superfluous  tissue  below  is  excised.  This  last  step  should  not  be 
taken  until  several  months  have  elapsed,  in  order  that  contraction  may  be 
complete. 

The  immediate  transfer  of  a  portion  of  the  border  of  the  external  ear,  with- 
out a  pedicle,  has  been  successfully  accomplished,  but  it  is  a  procedure  of 
very  doubtful  value. 

Restoration  of  the  Lower  Part  of  the  Nose. 


In  restoring  the  tip  of  the  nose  it  is  important  not  to  interfere  in  any  way 
with  the  normal  upper  part.  The  Indian  method  is  therefore  not  to  be  considered, 
nor  are  the  French  methods,  in  which  the  flaps  are  taken  from  the  nose  itself. 


Fig.  482. 


Fig.  483. 


Fig.  482. — Second  Operation  of  N^laton  and  Ombr^danne.*  The  tip  of  the  nose  is  restored  by 
a  flap  taken  from  the  anterior  surface  of  the  forearm. 

Fig.  483. — Third  Operation  of  N^laton  and  Ombr^danne.t  a,  The  tip  of  the  nose  restored 
by  a  flap  from  the  front  of  the  forearm,  b,  The  position  of  the  flap  on  the  arm  is  indicated.  A  por- 
tion of  the  pedicle  is  folded  in  to  line  the  septum. 

No  flaps  are  to  be  taken  which  deform  the  mouth  or  lips,  or  draw  the  eyelids  out 
of  place.  The  scars  produced  should  not  be  more  disfiguring  than  the  original 
deformity. 

*"La  Rhinoplastie,"  pp.  307,  363.  t"La  Rhinoplastie/'  p.  309. 
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The  Italian  method  yields  by  far  the  best  results,  and  is  usually  to  be  recom- 
mended. ^Mien  the  alae  at  the  sides  of  the  nose  remain  intact,  a  single  flap  taken 
from  the  arm  or  forearm  may  be  sufficient.     (Figs.  482  and  483.)     But  when  the 


^s^;  1^^ 


Fig.  484. — Operation  of  Bayer,  a,  The  flaps  are  folded  in  to  make  a  new  tip  of  the  nose  and  a 
new  septum.  The  remnants  of  the  alse  are  within  the  infolded  flaps,  b.  At  a  second  stage  the  pedi- 
cles are  cut  across  and  the  flaps  are  joined  to  the  alse. 

destruction  is  at  all  extensive,  an  internal  as  well  as  an  external  flap  must  be 
provided  in  order  to  prevent  undue  cicatricial  contraction. 


Fig.  485. — Op)eration  of  Ch.  X^laton.  (After  Nelaton  and  Ombr^danne.)  These  diagrams  illus- 
trate the  method  by  wliich  a  thin  layer  may  be  sawed  from  the  outer  table  of  the  frontal  bone 
with  the  skin  flap,  and  also  the  manner  in  which  portions  of  the  nasal  bones  and  cartilages  may  be 
sawed  through  to  be  depressed  to  form  a  firm  support  for  the  reconstructed  lower  part  of  the  nose. 


WTien  the  loss  is  not  too  great,  the  internal  flap  may  be  provided  by  folding 
down  a  flap  from  the  nose  itself  without  materially  increasing  the  resulting 
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scar.     In  larger  defects  of  the  lower  end  of  the  nose,  however,  the  operation  of 
Bayer  *  (Fig.  484)  is  to  be  recommended. 

The  Operation  of  Bayer. — On  each  side  a  flap  is  formed  which  curves  down, 
from  a  point  just  outside  the  ala,  along  the  fold  between  the  cheek  and  the  lip. 
These  flaps  should  be  taken  from  just  outside  the  corners  of  the  mouth.  Their 
width  should  correspond  to  the  height  which  is  to  be  added  to  the  tip  of  the  nose. 
Their  length  should  "be  sufficient,  when  folded  over,  to  form  new  ala?  and  a  new 
septum.  They  should  thus  extend  down  at  least  as  far  as  the  alveolar  process. 
At  the  first  operation  they  are  folded  in  and  their  new  surfaces  are  sutured 
together  to  form  the  new  septum.  When  the  sides  of  the  alae  remain  intact  the 
flaps  are  to  be  folded  in  outside  of  them.  Three  weeks  later  the  pedicles  of  the 
flaps  are  to  be  cut  across,  and  they  are  to  be  united  to  the  remnants  of  the  ala?. 
At  the  same  time,  the  external  surface  may  be  covered  by  a  flap  from  the  arm  or 
forearm.  An  objection  to  the  operation  is  that  some  of  the  muscles  about 
the  mouth  and  the  nerves  which  supply  them  are  likely  to  be  cut. 

011ier,t  Neumann,  and  NelatonJ  have  all  repaired  the  loss  of  the  lower  part 
of  the  nose  by  depressing  the  upper  border  of  the  defect,  including  with  the  flaps 

more  or  less  bone  or  cartilage.  The  most 
elaborate  operation  is  that  of  Nelaton. 
(Fig.  485.) 

Operation  of  Ch.  Nelaton. — A  long 
inverted  V-shaped  flap  is  cut  from  the  nose 
and  forehead.  The  apex  of  the  V  is  just  at 
the  border  of  the  hair  in  the  middle  of  the 
forehead.  The  arms  of  the  inverted  V 
should  spread  as  widely  as  the  eyes  will 
permit.  They  should  extend  downward, 
along  the  folds  between  the  nose  and  cheeks, 
to  points  outside  the  ala?.  They  should 
keep  well  outside  any  gap  in  the  nose  and 
should,  below,  leave  enough  tissue  between 
the  defect  and  the  incisions  to  assure  proper  nutrition  of  the  flap.  With  the 
flap  there  must  be  included  a  portion  of  the  nasal  bones  and  cartilages,  which 
portion  is  to  be  folded  down  to  give  firm  support  to  the  new  lower  part  of  the 
nose.  There  may  also  be  included  a  piece  of  the  frontal  bone,  which  will  take 
the  place  of  any  bone  removed  from  the  upper  part  of  the  nose.  The  diagrams 
(Fig.  485)  illustrate  well  the  method  of  operation.  Obviously  in  milder  cases 
less  extensive  operation  will  be  required. 


Fig.  486. — Operation  of  Szymanowski 
for  Repairing  the  Loss  of  the  Lower  End 
of  the  Nose  by  Flaps  Taken  from  the 
Cheeks. 


*  Bayer,  in  Prager  med.  Wochenschr.,  1888,  xiii.,  77. 

tGaz.  hebd.  M6d.  et  Chir.  1860,  p.  50;  Compte  rendu  de  la  Soc  des  Sciences  m6d.de  Lyon, 
1861-62,  300. 

JBuU.  de  la  Soc.  de  Chir.,  Paris,  1900,  p.  665. 
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This  operation  involves  some  of  the  most  useful  methods  employed  in 
rhinoplasty. 

Szymanowski*  has  taken  flaps  from  the  cheeks  in  order  to  restore  the  tip  of  the 
nose.  The  flaps  should  be  rhomboidal  in  shape,  with  their  pedicles  above, 
du-ectly  outside  the  upper  part  of  the  defect  in  the  nose.  Enough  tissue  should 
be  included  in  one  or  both  flaps  to  form  a  new  septum.     (Fig.  486.) 

Rouge  has  restored  the  tip  of  the  nose  by  drawing  down  a  flap  from  a  point 
immediately  above  the  gap.  The  flap  may  be  left  attached  at  both  sides.  A 
secondary  gap  is  of  course  thus  left  above  the  original  defect. 

Repair  of  the  Lower  Part  of  the  Septum. 

The  loss  of  the  lower  part  of  the  septum  is  often  very  disfiguring.  Li  those 
cases  in  which  the  loss  is  not  sufficient  to  have  led  to  depression  of  the  tip  of  the 
nose,  correction  of  the  deformity  is  relatively  simple. 

Operation'  of  Dupuytrex. — Dupiiytrenf  took  a  quadrilateral  or  triangular 
flap  from  the  central  part  of  the  upper  lip.  This  flap  included  the  skin  and  under- 
lying tissues,  but  left  the  mucous  membrane  intact,  the  pedicle  being  just  at  the 
base  of  the  septum.  In  this  operation  the  flap  is  twisted  and  turned  up  through 
an  angle  of  ninety  degrees,  so  that  the  lower  end  can  be  attached  to  the  tip  of  the 
nose.  By  carrying  the  incision  at  the  border  of  the  pedicle  slightly  higher  on  one 
side  than  on  the  other,  the  flap  may  be  more 
easily  brought  into  place;  and  the  portion 
most  plainly  visible  will,  later  on,  be  skin 
rather  than  scar  tissue.  The  gap  m  the 
upper  lip  is,  of  course  at  once  closed  by 
sutures.     (Fig.  487.) 

Operation  of  Serre. — SerreJ  has  taken 
a  flap  from  exactly  the  same  area  as  Dupuy- 
tren.  (Fig.  488.)  The  pedicle,  however,  is 
left  at  the  red  border  of  the  Up.  The  free 
upper  end  of  the  flap  is  sutured  to  the  end 

of    the     nose.       At     a     second    operation    the  Fig.  487.— Operation    of    Dupuytren. 

pedicle  at  the  red  border  of  the  lip  is  cut  across,     ^  ^*p  ^  *^°^  "p  ^"^"^  *^«  °^^^«  °^ 

the  upp»er  lip. 

and  sutured  back  between  the  nostrils.    The 

advantage  of  the  operation  is  that  the  two  sides  are  perfectly  sjTiimetrical ; 
the  disadvantage  is  that,  while  in  Dupuytren's  operation  the  incision  in  the 
upper  lip  may  be  sutured  at  once,  in  that  of  Serre  immediate  suture  of  the  lip 
is  impossible. 

*  "Handbuch  der  operativen  Chir.,"  1870,  S.  314 

fMarx,  in  Jour.  hebd.  de  Med.  et  Chir.  pratiques,  1833,  p.  29. 

t  "Traite  sur  I'Art  de  restaurer  les  Difformitfe  de  la  Face."     Montpellier,  1842. 
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Fig.  488.— Opera- 
tion of  Serre.  The 
flap  is  sutured  to  the 
tip  of  the  nose.  It 
should  later  be  cut 
across  at  the  pedicle 
at  the  border  of  the 
Up. 


Operation  of  Lexer  * — ^A  flap  of  mucous  membrane  alone  may  be  taken 
from  the  inner  surface  of  the  same  part  of  the  lip.  The  pedicle  of  such  a  flap  is 
to  be  above  at  the  base  of  the  septum.  The  flap  is  to  be 
drawn  out  through  a  short  horizontal  incision  just  at  the 
point  where  the  Up  and  septum  should  meet.  Thus  a  mucous 
flap  is  folded  forward  through  a  hole  in  the  lip.  No  notice- 
able scar  is  made  in  the  lip.  The  sole  objection  to  the  opera- 
tion is  that  the  exposed  surface  of  the  septum  consists  of 
mucous  membrane  rather  than  of  skin;  but  in  time  such  an 
exposed  area  will  assume  largely  the  color  and  character  of  skin. 
Dieffenbach  has  taken  a  rectangular  flap  horizontally  from 
the  upper  lip  and  turned  it  up  to  form  a  new  septum;  but  the 
procedure  is  very  objectionable,  because  it  cuts  across  the  nat- 
ural lines  of  the  upper  lip,  and  is  very  likely  to  produce  marked 
asymmetry. 

Demons  has  taken  two  rectangular  flaps,  one  from  below 
each  nostril,  and  separated  by  the  median  portion  of  the  lip. 
The  pedicles  of  the  flaps  are  above.  The  flaps  are  turned  up 
in  much  the  same  manner  as  in  the  operation  of  Dupuytren, 
but  the  raw  surfaces  of  the  two  flaps  are  apposed.  Thus,  the 
Hne  of  union  between  the  two  is  in  the  median  line,  while  the  skin  surfaces 
line  the  inner  borders  of  the  nostrils  and  meet  below  at  the 
free  lower  edge  of  the  septum. 

The  folding  up  of  a  flap  that  includes  the  entire  thick- 
ness of  the  upper  lip,  as  done  by  Blandin,  is  not  to  be  con- 
sidered if  other  similar,  less  severe  operations  are  possible. 
The  Operation  of  Raoult. — The  operation  of  Raoultt 
should  be  mentioned  because  it  may  be  of  value  in  excep- 
tional cases.  A  curved  incision  is  made  on  each  side, 
starting  at  the  lower  border  of  the  nostril  and  curving 
outward  close  below  the  alae,  and  then  upward  close  out- 
side the  alae.  Second  incisions  are  then  made  on  each  side. 
These  incisions  start  in  the  median  line  and  curve  down- 
ward and  outward  toward  the  free  margin  of  the  lip  in 
Hues  diverging  somewhat  from  those  of  the  first  incisions. 
Thus  two  flaps  are  freed,  which  may  be  drawn  forward,  up- 
ward, and  inward.  They  are  to  be  united  to  form  the  new 
septum  above  the  undisturbed  central  portion  of  the  up- 
per hp.  (Fig.  489.)  There  is  one  very  serious  objection  to  such  an  opera- 
tion, viz.,  that  the  tension  of  the  flaps  is  likely  to  flatten  the  tip  of  the  nose. 

*  Deutsche  Zeitschrift  f.  Chir.,  March,  1906. 
t  Presse  m^dicale,  April  1st,  1903. 


Fig.  489. — Operation 
of  Raoult.  The  incisions 
AB  and  A'B'  encircle 
the  alae.  The  incisions 
CD  and  CD'  leave  un- 
disturbed the  central 
part  of  the  upper  lip. 
The  two  flaps  between 
the  incisions  are  to  be 
slid  forward  and  inward 
to  make  a  new  lower 
portion  of  the  septum. 
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Fig.  490. — Operation  of  Labat  for  Restor- 
ing the  Lower  Part  of  the  Septum. 


Operation  of  Labat. — Labat  *  has  described  an  ingenious  adaptation  of  the 
Italian  operation,  by  which  a  bit  of  skin  of  the  thenar  eminence  of  the  left  hand 

is  attached  to  the  tip  of  the  nose,  later  to 
be  severed  and  fastened  to  the  upper  mar- 
gin of  the  lip.  The  hand  is  to  be  fixed 
palm  forward  with  the  thumb  on  one  side 
of  the  nose  and  the  fingers  on  the  other. 
(Fig.  490.) 

The  operations  just  described  do  not  in 
any  way  grs'e  support  to  the  tip  of  the  nose. 
Among  the  eariier  operations  intend- 
ed, through  the  use  of  double  flaps,  to 
prevent  contraction  of  the  nostrils  was 
that  of  Sedillot,  who,  having  folded  up  a 
flap  from  the  median  portion  of  the  upper 
lip,  united  it  with  the  tip  of  a  frontal  flap 
to  form  by  a  double  layer  of  skin  a  firmer 
lower  part  of  the  septum.     Such  a  support , 
however,  must  at  best  be  unsatisfactor\\ 
Nelaton  has  reversed  the  order  of  the  flaps ;  he  folds 
one  up  from  the  upper  lip,  with  the  raw  surface  downward, 
and  places  below  it  a  flap  cut  from  the  inner  surface  of  the 
nose  and  folded  down. 

Second  Operation  of  Ch.  Xelaton. — Nelaton*  has 
described  a  useful  operation  which  gives  a  bony  or  cartilag- 
inous support  to  the  new  septum  and  holds  forward  the 
tip  of  the  nose.  A  small  curved  incision  with  the  convex- 
ity downward  is  made  just  below  the  base  of  the  septum. 
This  incision  is  carried  through  the  soft  parts  down  to  the 
superior  maxilla  above  the  alveolar  process.  A  gouge  is 
then  driven  backward  and  upward  in  the  median  Une,  and 
is  made  to  enter  the  nasal  fossse  far  enough  back  to  cut 
off  a  portion  of  the  rudimentary  septum;  the  piece  cut 
off  should  be  large  enough  to  enable  it  to  be  folded  for- 
ward and  downward  so  that  the  posterior  portion,  which 
has  been  freed,  shall  meet  the  tip  of  the  nose.  It  is  then 
sutured  into  position.  (Fig.  491.)  The  nutrition  of  this 
piece  of  bone  or  cartilage,  covered  on  its  exposed  surface 
by  mucous  membrane,  is  presers'ed  through  the  soft  parts  which  are  undisturbed 
at  the  inner  side  of  each  nostril,  directly  above  the  ends  of  the  original  skin 

*  Annales  de  la  M6d.  physiologique,  Paris,  1834,  xxv.,  56. 
t  Duvemoy:  Thtee,  Paris,  1900,  p.  48;  "La  Rhinoplastie,"  p.  383. 
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Fig.  491.  —  Second 
Operation  of  Ch.  Nela- 
ton. The  gouge  is  in- 
troduced through  the 
cur\'ed  incision,  and 
enough  of  the  remaining 
septum  is  cut  off  to 
make  a  new  support  for 
the  tip  of  the  nose  when 
it  is  folded  forward. 
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incision.  The  direction  in  which  the  gouge  is  inserted  depends,  of  course, 
upon  the  extent  to  which  the  septum  is  destroyed,  and  also  upon  the  length 
of  the  flap  which  is  to  be  folded  forward. 

Saddle  Nose. 

Various  alterations  in  the  shape  of  the  nose  occur  as  a  result  of  more  or  less 
complete  destruction  of  the  bony  or  cartilaginous  supports.  The  flattening  of  the 
central  portion  which  results,  may  be  due  to  syphilitic  or  tuberculous  lesions; 
while,  more  rarely,  it  is  due  to  the  abuse  of  cocaine,  to  traumatism,  or  to 
caries  not  of  specific  origin.  Occasionally  the  deformity  is  congenital.  The 
general  knowledge  that  the  deformity  usually  results  from  syphilis  makes 
patients  peculiarly  anxious  to  be  benefited. 

Marked  variations  in  the  deformity  are  observed.  Three  general  types  of 
saddle  nose  may,  however,  be  distinguished.  In  the  first,  the  deformity  is  either 
congenital  or  the  result  of  fracture.  There  is  a  flattening  of  the  bridge  of  the 
nose,  but  there  is  not  destruction  due  to  disease.  In  the  second  type,  the  loss  of 
tissue  is  chiefly  in  the  cartilage,  with  more  or  less  complete  preservation  of  the 
bones.  In  the  third  type,  both  cartilage  and  bone  are  destroyed.  According  to 
the  extent  of  the  destruction  there  follows  a  tilting  up  of  the  tip  of  the  nose, 
which  makes  the  nostrils  point  more  or  less  directly  forward.  The  deformity 
has  been  called  the  "lorgnette  nose."  In  every  case  the  treatment  must  depend 
both  on  the  amount  of  the  depression  of  the  bridge  and  the  degree  of  tilting 
upward  of  the  tip. 

Operations  have  been  divided  arbitrarily  into  two  groups: — in  one,  the 
object  is  to  raise  the  depression,  while  in  the  other  the  tip  of  the  nose  is  lowered. 
The  distinction  is  not  one  of  great  practical  importance.  The  important  point 
is  that,  in  operations  in  which  the  tip  of  the  nose  is  lowered,  the  nasal  cavity 
should  in  most  cases  be  opened  from  the  front,  and  the  gap  thus  created  should 
be  filled  by  a  flap  of  mucous  membrane  or  skin  which  faces  inward.  In  opera- 
tions in  which  the  tip  of  the  nose  is  not  to  be  depressed,  the  nasal  cavity  need 
not  be  opened. 

In  determining  the  method  of  treatment  the  mobility  of  the  skin  about  the 
depressed  area  is  an  all-important  factor.  In  most  cases  the  skin  is  not  sound, 
is  closely  adherent  to  the  underlying  tissues,  and  is  not  elastic.  This  is  especially 
true  in  the  syphilitic  cases.  In  them  the  depression  is  due  to  widespread  loss  of 
the  deeper  tissues  with  consequent  extensive  and  deep  scar  formation. 

In  those  milder  cases  in  which  the  elevation  of  the  tip  of  the  nose  may  be 
disregarded  the  problem  is  relatively  simple,  especially  when  the  skin  is  movable. 
In  such  cases  prosthetic  injections  are  particularly  valuable,  because  they  leave 
no  noticeable  scar,  and  at  the  same  time  furnish  a  permanent  support  under  the 
skin.     Such  injections,  however,  are  not  to  be  considered  in  cases  in  which 
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the  skin  is  closely  bound  down  to  the  sunken  bridge  by  firm  scar  formation.  In 
such  cases  there  is  no  cellular  tissue  into  which  the  injection  may  flow,  and,  if 
the  operator  is  successful  in  forcing  the  injection  into  the  scar,  sloughs  must 
inevitably  result.  It  may  be  possible,  however,  in  some  instances  to  free  the 
skin  at  a  preUminaiy  operation,  thus  creating  a  pocket  into  which  material  may 
be  injected,  or  into  which  some  inorganic  support  may  be  inserted. 

If  prosthetic  injections  or  supports  are  inadvisable,  the  choice  of  operation 
must  depend  upon  the  degree  and  character  of  the  deformity,  the  soundness 
of  the  neighboring  skin,  and  the  amount  of  importance  which  the  patient  at- 
taches to  visible  scars. 

As  far  as  is  possible,  incisions  should  be  confined  to  the  root  of  the  nose,  where 
the  scar  lies  in  the  skin  folds  that  run  between  the  eyebrows ;  or  they  should  be 
made  just  within  the  lower  free  border  of  the  nostrils.  Scars  along  the  naso- 
labial folds  are  inconspicuous.  Scars  may  be  necessary  along  the  fold  between 
the  nose  and  the  cheek.  Scars  on  the  back  of  the  nose  are  particularly  objec- 
tionable. 

Operations  which  involve  a  change  in  position  of  the  soft  parts  alone,  and  in 
which  no  new  tissue  is  inserted  to  fill  the  depression,  are  of  only  temporary 
benefit;  yet  a  few  may  be  mentioned  very  briefly.  The  operation  of  Ferguson, 
for  example,  is  of  this  type.  An  incision  is  made  within  the  nostrils,  through 
which  the  sides  and  back  of  the  nose  are  raised  and  also  are  freed  from  the  cheeks 
by  dissecting  under  them  and  separating  them  from  the  superior  maxillse  for  a 
distance  sufficient  to  allow  the  introduction  of  the  finger  within  the  nose.  This 
is  then  moulded  into  proper  shape  and  is  held  forward  by  two  silver  pins  passed 
through  from  side  to  side  on  a  level  with  the  cheeks.  After  ten  or  twelve  days 
the  position  of  the  pins  is  changed  to  prevent  undue  scarring  from  cutting.  In 
time,  after  the  removal  of  the  pins,  a  nose  thus  pushed  forward  must  inevi- 
tably sink  back  into  its  former  position  unless  some  additional  support  is 
provided. 

Dieffenbach  has  dissected  a  median  and  two  lateral  flaps  of  skin,  and  has 
brought  the  edges  together  in  such  a  manner  as  to  fill  the  depression.  The 
operation  is  essentially  similar  to  that  of  Ferguson,  but  it  involves  more  external 
incisions  and  for  that  reason  is  not  to  be  recommended. 

Dieffenbach  has  also  attempted  to  remedy  the  deformity  by  means  of  vari- 
oush-  placed  skin  incisions,  which  were  afterward  sutured  in  special  ways,  as 
well  as  drawing  the  skin  across  the  depression,  as  the  chord  of  an  arc.  Such 
a  procedure,  it  seems  scarcely  necessary  to  add,  is  useless. 

In  another  form  of  operation,  Dieffenbach*  "underplanted''  a  flap  of  skin  to 
fill  in  the  depression.  By  an  inverted  U-shaped  incision  a  flap  of  skin  is  turned 
down  from  over  the  depressed  bridge.  Beneath  this  a  second  flap  is  folded  down 
from  the  forehead.     The  pedicle  of  this  latter  flap  is  just  above  the  apex  of  the 

*  "Oper.  Chir.,"i.,  359. 


708  AMERICAN  PRACTICE  OF  SURGERY. 

first  flap.  The  support  thus  made  is  permanent,  but  the  tip  of  the  nose  is  not 
lowered,  and  conspicuous  scars  are  created.  This  operation  is  very  similar  to, 
but  not  so  complete  as,  that  of  Nekton  and  Ombredanne,  to  be  described  later. 

The  essential  points  in  any  satisfactory  operation  for  the  correction  of  a  pro- 
nounced saddle  nose  are  these: — First,  to  lower  the  tip  of  the  nose;  second, 
to  close  the  opening  formed  into  the  nasal  fossse  with  an  inner  flap,  the  cutaneous 
surface  of  which  faces  inward;  third,  to  make  the  outer  flap  of  greater  area  than 
that  which  originally  covered  the  space;  fourth,  to  have  between  the  two  flaps 
a  flrm  support,  preferably  of  cartilage.  In  order  to  fulfil  these  conditions  each 
individual  case  must  be  studied  with  the  utmost  care. 

Although,  in  the  treatment  of  saddle  nose,  flaps  of  skin  alone  are  very  seldom 
sufficient,  there  are  certain  methods  which,  while  they  do  not  fulfil  the  require- 
ments just  enumerated,  are  nevertheless  worthy  of  being  mentioned  because 
of  their  suggestiveness,  and  because  in  exceptional  circumstances  they  may  prove 
sufficient,  if  combined  with  other  procedures.  The  merits  of  these  different 
operative  methods  vary  greatly.  If  any  one  of  them  were  really  satisfactory 
the  others  would  never  have  been  devised. 

The  following  are  the  methods  in  question : — 

Operation  of  von  Mangold.* — Von  Mangold  excised,  with  its  perichon- 
drium, a  bit  of  the  seventh  costal  cartilage  4  or  5cm.  (if  to  2  in.)  long,  1  cm.  (fin.) 
wide,  and  0.5  cm.  (f  in.)  thick.  Then,  having  made  a  short  transverse  incision  be- 
tween the  eyebrows,  he  introduced  into  this  opening  a  sound  and  passed  it  down 
through  the  subcutaneous  tissues  as  far  as  the  tip  of  the  nose,  thus  preparing, 
as  it  were,  a  channel  into  which  he  afterward  pushed  the  fragment  of  cartilage 
the  whole  distance.  In  doing  this  he  was  careful  to  keep  the  side  which  is  covered 
with  perichondrium  toward  the  skin.  Two  other  httle  pieces  of  cartilage  may, 
if  necessary,  be  pushed  into  the  alse  through  small  incisions  in  the  folds  on  each 
side  of  the  nose.  The  cuts  are  closed  by  sutures.  If  the  operation  is  success- 
ful, all  the  pieces  of  cartilage  are  allowed  to  remain.  The  alae  do  not  flatten, 
and  the  depression  in  the  bridge  is  prevented.  After  several  months  the 
length  of  the  nose  may  be  increased.  The  nose  with  the  costal  cartilage  is 
freed  by  an  incision  having  the  shape  of  an  inverted  V,  the  point  of  which  is 
just  above  the  upper  border  of  the  cartilage.  The  lower  part  of  the  nose  may 
then  be  depressed  and  held  in  position  by  pressing  the  upper  end  of  the  carti- 
lage into  a  notch  cut  in  the  nasal  bone.  The  nose  is  thus  elongated  and  resumes 
its  normal  profile.  The  incision,  originally  V-shaped,  may  be  closed  as  an  in- 
verted Y. 

Israel  and  De  Page  have  operated  in  very  similar  ways. 

Operation  of  Israel. — Israel  makes  a  median  incision  about  2  cm.  (f  in.) 
long,  at  the  point  of  the  depression.  By  subcutaneous  dissection  he  divides  any 
cicatricial  adhesions  that  may  be  present,  and  separates  the  skin  at  the  sides 
*  Gesellschaft  f.  Chir.,  Berlin,  1900,  xxix.,  460. 
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from  the  maxillary  bones.  In  order  to  obtain  the  normal  profile  he  depresses 
the  tip  of  the  nose.  In  this  dissection  it  is  necessary  to  free  the  flaps  thoroughly, 
so  as  to  permit  their  being  reunited  without  traction.  Then  a  spicule  of  bone, 
about  0.5  cm.  (|  in.)  thick  and  3  cm.  (Ij  in.)  long,  is  taken  from  the  crest  of  the 
tibia.  If  necessar\%  incisions  are  made  in  the  subcutaneous  tissue  at  each  side 
to  receive  the  piece  of  bone.  Once  the  fragment  is  in  place,  the  upper  point  of 
the  bone  is  engaged  solidly  in  subcutaneous  tissue  over  the  bridge  of  the  nose, 
while  the  lower  point  is  buried  inside  the  skin  of  the  lobule.  The  nose  resumes 
its  normal  profile.     The  edges  of  the  incision  are  sutured  over  the  new  support. 

Operatiox  of  De  Page. — The  operation  of  De  Page  differs  from  that  of  Israel 
only  in  minor  details.  The  spicule  of  bone  taken  is  longer,  and  from  3  to  4  cm. 
(1  to  1^  in.)  vdde.  This  piece  of  bone  is  spht  lengthwise  so  that  it  may  be  folded 
like  a  roof.  It  is  then  pushed  under  the  skui  of  the  nose,  which  is  sutured 
over  it.  Silver  wire  may  be  passed  through  and  through  to  maintain  the 
proper  shape  for  some  days,  and  to  relieve  tension  until  union  is  firm. 

In  neither  of  these  operations  should  the  incisions  enter  the  nasal  cavity. 

Fourth  Operation  of  Nelatox  and  Ombredaxxe. — Nelaton  and  Ombr^ 
danne,*  in  what  they  regard  as  the  method  of  choice  in  the  more  severe  cases 
(Figs.  492,  493,  and  494),  have  selected 
points  from  various  operations. 

At  a  preliminary  operation  they  insert, 
beneath  the  skin  of  the  forehead,  exactly 
vertically  and  exactly  in  the  median  line,  a 
piece  of  the  eighth  costal  cartilage  about  4.5 
cm.  to  5  cm.  (If  to  2  in.)  long.  This  may  be 
done  through  a  small  incision  at  the  edge  of 
the  hair.  Six  weeks  later  an  inverted  U- 
shaped  incision  is  carried  across  the  lower 
part  of  the  forehead.  The  arms  of  the  A 
spread  out  to  the  inner  ends  of  the  eye- 
brows. The  middle  reaches  as  far  above 
the  eyebrows  as  it  is  desired  to  depress  the 
tip  of  the  nose — usually  about  2  cm.  (|  in.). 
The  ends  of  the  incision  are  carried  down- 
ward as  far  apart  as  the  eyes  permit,  and 
then  along  the  fold  between  the  nose  and 
cheeks  to  points  just  above  the  ala*.  The  flap  thus  marked  out  is  dissected 
free  and  folded  down  from  above.  At  a  point  about  1.5  cm.  (I  in.)  above 
the  tip  of  the  nose,  a  transverse  incision  is  made  directly  into  the  nasal  fossse, 
so  that  the  tip  of  the  nose  may  be  depressed.  The  flap  will  then  reach  only  to 
the  level  of  the  eyebrows. 

*  "La  Rhinoplastie,"  p.  284. 


Fig.  492. — Fourth  Operation  of  X^laton 
and  Ombr^danne,  First  Stage.  Lines  of 
incisions  for  the  two  flaps  are  indicated. 
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A  second  flap,  which  includes  the  piece  of  implanted  cartilage,  is  then  folded 
down  from  the  forehead.     The  upper  end,  which  is  close  to  the  end  of  the  piece 

of  cartilage,  should  be  at  the  border  of  the 
hair.  The  sides  converge  somewhat  from 
above  downward  for  a  little  more  than  half 
their  height.  Then  they  spread  again  in  or- 
der that  enough  tissue  to  insure  nutrition 
may  remain  outside  the  area  from  which  the 
first  flap  was  taken.  This  flap  is  freed  and 
folded  downward  underneath  the  first  flap. 
The  freed  upper  end  should  just  meet  the 
depressed  tip  of  the  nose.  The  cutaneous 
surface  faces  inward.  The  epidermis  may 
be  removed  at  those  points  where  it  does 
not  line  the  opened  nasal  fossa?.  The  first 
flap  may  then  be  replaced  outside  the  second. 

At  a  third  operation,  about  fifteen  days 
later,  the  pedicle  of  the  second  flap  may  be 
cut  across  and  Thiersch  grafts  placed  upon 
the  granulating  area  on  the  forehead. 

Operation  of  Czerxy. — Czerny*  has 
made  a  support  for  the  skin  in  an  entirely 
different  manner,  by  utilizing    the  sunken 


Fig.  493.— Fourth  Operation  of  N6la- 
ton  and  Ombr^danne,  Second  Stage.  The 
first  flap  is  folded  down  and  the  tip  of 
the  nose  is  lowered  by  a  free  transverse 
incision  through  cartilage  and  septum 


cartilage  itself.  By  a  median  incision  the 
skin  is  dissected  free  from  the  back  and  sides 
of  the  nose  through  nearly  the  entire  length. 
While  the  skin  flaps  are  pulled  aside  (Fig. 
495)  two  semi-elliptical  incisions  are  made 
through  the  sunken  cartilage  into  the  nos- 
trils on  each  side  of  the  septum.  The  in- 
cisions are  curved  with  the  convexity  back- 
ward. The  distance  from  the  median  line 
to  each  incision  should  be  slightly  greater 
than  the  depression  which  is  to  be  rem- 
edied. Two  cartilaginous  flaps  are  thus 
formed,  one  on  each  side  of  the  septum. 
The  inner  surface  of  each  is  covered  with 
mucous  membrane.  The  flaps  are  then  bent 
forward  so  that  their  external  surfaces  lie 
back  to  back  and  in  contact  in  the  sagittal 
plane  of  the  nose.     In  cross-section  the  car- 


Fio.  494. — Fourth  Operation  of  NYlaton 
and  Ombr(5tlanno,  Tlnrd  Stage.  The  sec- 
ond flap  is  folded  down  and  the  first  flap 
is  replaced  outside  it.  Tlie  gap  in  the 
forehead  still  remains  to  be  filled  in. 


♦Gesellschaft  f.  Chir.,  Berlin,  1895,  xxiv.,  ii.,  212. 


PLASTIC  SURGERY. 


711 


tilage  is  bent  into  the  shape  of  a  tuning-fork.     Their  nutrition  is  assured  by 
their  connection  with  the  septum,  which  is  not  disturbed.     The  free  borders 


Fig.  495. — Operation  of  Czerny.  In  a  the  skin  is  retracted  to  show  the  incisions  through  the 
cartilage.  (The  two  vertical  ones  in  the  middle,  instead  of  representing  nearly  parallel  Unes,  should 
together  form  an  incomplete  eUipse.)  In  6  a  cross-section  of  the  depressed  nose  is  shown,  with  the 
skin  retracted  and  the  lines  of  incision  through  the  cartilage  indicated.  In  c  the  cartilaginoxis  flaps 
are  bent  forvvard  and  the  skin  is  united  over  them. 


of  the  skin  are  reunited.    A  suture  may  be  passed  through  the  nose  for  a  few 
days  to  keep  the  sides  pressed  together. 

Operation  of  Mikulicz. — The  operation  of  Mikulicz  is  of  very  doubtful 
benefit.  It  is  an  elaboration  of  the  method 
of  Czerny.  Incisions  are  first  carried  from 
the  upper  part  of  the  depressed  bridge  of  the 
nose  dowTiward  and  outward  along  the  fold 
between  the  cheek  and  the  nose  and  through 
the  ala  into  the  nostril.  These  cuts  are  made 
on  each  side.  The  flaps  thus  formed  are  at- 
tached below  at  the  base  of  the  septum  and 
above  at  the  bridge  of  the  nose.  They  are 
then  folded  forward  so  that  their  mucous  sur- 
faces shall  face  outward.  The  skin  surfaces 
are  placed  back  to  back,  forming  at  the  same 
time  a  septum  and  a  buttress  against  which  a 
flap  turnetl  down  from  the  forehead  maj'  rest. 
The  epidermis  may  be  removed  from  the  two 
apposed  surfaces  of  the  flaps.  If  possible,  at 
least  a  portion  of  the  ala  should  be  left  at- 
tached to  the  cheek  to  give  shape  to  the  new 
nose,  which  must  inevitably  tend  to  contract 
as  its  inner  raw  surface  cicatrizes. 

The  operation    is  comphcated    and    has 
little  to  commend  it. 

Schimmelbusch  and  Trendelenburg  have  gained  support  by  folding  down 
from  the  forehead  flaps  that  include  skin,  periosteum,  and  bone. 


Fig.  496. — Operation  of  Schimmel- 
busch. The  skin  covering  the  nose  is 
retracted  in  two  flaps,  and  the  tip  of  the 
nose  is  lowered  by  a  transverse  cut.  In 
the  diagram  the  flap  from  the  forehead  is 
folded  into  position  to  fill  the  gap.  The 
piece  of  bone  in  the  flap  is  spUt  longitu- 
dinally so  that  it  may  be  folded  into  shajje. 
The  nasal  flaps  are  to  be  replaced. 
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Oeration  of  Schimmelbusch.* — Two  triangular  flaps  with  their  bases  below 
are  turned  down  to  expose  the  sunken  portion  of  the  nose.  (Fig.  496.)  By  a 
transverse  incision  the  tip  of  the  nose  may  be  lowered.  An  elliptical  flap  is 
then  folded  dowTi  from  the  forehead,  a  portion  of  the  outer  plate  of  the  frontal 
bone  being  left  attached.  The  pedicle  of  this  flap  lies  between  the  eyebrows, 
just  above  the  tip  of  the  first  incision.  The  bone  in  the  flap  is  then  split 
in  the  median  line  and  each  side  is  folded  backward  so  as  to  give  shape  to  the 
nose.  The  lower  ends  of  the  bony  flaps  are  pushed  down  toward  the  alse.  The 
original  skin  flaps  are  then  to  be  united  outside  the  flaps  turned  down  from  the 
forehead.  At  a  later  operation  the  pedicle  of  the  up- 
per flap  may  be  severed  and  any  granulating  areas 
covered  by  Thiersch  grafts.  A  great  disadvantage  in 
the  operation  lies  in  the  difficulty — a'mounting  perhaps 
to  impossibility — of  uniting  the  original  flaps  outside 
the  flap  from  the  forehead. 

Operation  of  Trendelenburg. — The  operation  of 
Trendelenburg  f  is  similar  to  that  of  Schimmelbusch. 
Flaps  are  turned  down  from  the  bridge  and  sides  of  the 
nose,  and  the  tip  is  depressed  in  the  same  way.  An 
elliptical  flap  of  skin,  periosteum,  and  bone  is  taken 
from  the  forehead.  The  flap,  however,  instead  of  being 
folded  down,  is  turned  down  and  inserted  edgewise  within 
the  nose  through  an  incision  made  in  the  median  line. 
This  flap  thus  makes  a  new  septum  which  projects 
forward,  and  in  front  of  which  the  skin  flaps  must  be 
united.  In  order  that  the  flap  may  be  turned  easily, 
the.  pedicle  of  the  flap  taken  from  the  forehead  must  be 
at  one  side  of  the  median  line  and  obliquely  placed. 
(Fig.  497.)  The  same  difficulty  that  is  experienced  in  the  Schimmelbusch 
operation — viz.,  in  making  the  external  skin  flaps  meet  in  front — arises  in  this 
operation,  although  in  less  degree. 

Operation  of  Helferich.  J — An  inverted  U-shaped  incision  is  carried  across 
the  bridge  of  the  nose  and  do\\Tiward  on  either  side  as  far  as  the  alse.  The  skin 
within  this  area  is  folded  downward  and  the  lower  cartilaginous  portion  of  the 
nose  is  separated  from  the  bone  by  a  transverse  cut  and  drawn  downward.  A 
flap,  including  a  piece  of  periosteum  and  bone  sufficient  to  form  a  new  bridge  to 
the  nose,  is  then  turned  down  from  the  forehead.  The  flap  folded  down  from  the 
nose  is  replaced  to  cover  over  the  lower  portion  of  the  flap  folded  from  the  fore- 
head. The  upper  part  of  the  frontal  flap  is  left  with  a  raw  surface  exposed.  At 
a  second  operation  the  pedicle  of  the  latter  flap  may  be  severed  and  folded  upon 

*Gesellschaft  f.  Chir.,  Berlin,  1895,  xxiv.,  342.  f  Arcli.  f.  klin.  Chir.,  1895,  L.,  iv.,  739. 

t  C.esellschaft  f.  Chir.,  1888,  xvii..  108. 


Fig.  497. — Operation  of 
Trendelenburg.  The  flap 
from  the  forehead  is  in- 
serted edgewise  into  the 
nose.  Thus  a  new  suf)- 
porting  septum  is  formed. 
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itself  in  such  a  manner  as  to  meet  the  upper  end  of  the  flap  covering  the  tip  of 
the  nose  and  to  cover  the  raw  surface  above  it.  Later  still,  the  upper  fold  in  the 
flap  from  the  forehead  may  be  trinmied  and  fitted  accurately.  (Fig.  498.)  The 
operation  thus  involves  three  stages,  and  the  resulting  scar  is  compUcated.  At 
times,  however,  it  may  be  found  that  some 
such  procedure  as  this  is  required  for  covering 
the  upper  part  of  the  nose,  if  the  intention 
had  been  to  cover  in  the  bridge  of  the  nose 
with  the  original  skin  flaps  as  described  in 
the  operation  of  Schimmelbusch. 

Operation  of  Israel.* — By  a  transverse 
incision  the  lower  part  of  the  nose  is  depressed. 
Then  a  narrow  vertical  flap,  including  skin, 
periosteum,  and  bone,  is  folded  down  from 
the  forehead.  After  this  flap  has  been  low- 
ered to  its  proper  place,  it  is  fastened  to  the 
tip  of  the  nose.  Thus  a  bridge  is  formed,  with 
a  passage  underneath,  reaching  across  the  de- 
pression. The  anterior  surface  of  this  bridge, 
at  first  consisting  of  exposed  bone,  is  finally 
covered  in  by  cicatricial  tissue,  which  draws 
the  skin  forward  from  what  has  become  the 
posterior  surface  of  the  median  flap.     The 

skin  covering  the  depressed  bridge  of  the  nose  is  then  drawn  forward  on  each 
side  and  united  to  the  tissues  that  cover  the  bone  of  the  new  bridge.  WTiat 
was  originally  the  skin  of  the  forehead  is  at  the  same  time  turned  inward  to  act 
as  a  lining  membrane  for  the  nasal  cavity. 

Operation  of  Neu^l\nx  axd  SzYMAXOWSKi.f — A  long  inverted  V-shaped 
incision  is  made  vnXh  the  apex  in  the  middle  of  the  forehead  and  the  arms  extend- 
ing down  on  either  side  of  the  bridge  of  the  nose  and  out  upon  the  cheeks  just 
above  the  alse.  The  skin  flap  is  turned  do\Mi  and  a  transvei-se  cut  is  made  sepa- 
rating the  cartilaginous  from  the  bony  portion  of  the  nose.  The  cartilaginous  por- 
tion is  then  lowered  and  the  incision  is  sewed  up  in  the  shape  of  an  inverted  Y. 
There  is  liability  that  the  apex  of  the  flap,  if  cut  into  too  much  of  a  point,  wiU 
slough,  but  the  fundamental  objection  to  the  operation  is  that  the  central  por- 
tion of  the  nose  is  left  without  any  sup|X)rt  except  the  skin.  This  method  of 
forming  the  skin  flaps  may  of  course  be  used  in  comiection  with  the  insertion 
of  some  support  in  the  middle  of  the  nose.  It  may  well  be  modified  somewhat 
by  including  with  the  skin  flap  a  piece  of  bone  from  the  forehead,  or  from  the 
upper  part  of  the  nose,  or  from  both  regions,  as  is  done  in  the  operation  of 

*  Gesellschaft  f.  Chir..  1887.  x^-i.,  85. 

t  "Handbuch  der  operativen  Chir.,"  1870,  331. 


Fig.  498. — Operation  of  Helferich; 
Second  Stage.  The  pedicle  of  the  frontal 
flap  is  cut  across  and  folded  upon  itself 
to  cover  the  raw  surface  originally  left 
above  the  nasal  flap. 
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Nelaton  *  for  partial  destruction  of  the  nose.  Under  these  conditions  the  piece  of 
bone  from  the  upper  part  of  the  bridge  of  the  nose  should  be  carried  down  toward 
the  tip,  and  the  piece  from  the  frontal  bone  should  replace  that  moved  down  from 
the  upper  part  of  the  bridge. 

Operations  of  Dieffenbach  and  Langenbeck. — The  operations  of  Dieffen- 


FiG.  499. — Operation  of  Langenbeck.  In  a  any  unsound  skin  between  the  incisions  BAD  and 
B  CD  may  be  excised.  The  tip  of  the  nose  may  be  depressed  by  a  deep  incision  along  the  hne  B  CD. 
In  b  the  frontal  flap  is  shown  turned  into  position. 

bach  and  Langenbeckf  are  essentially  the  same.  Incisions,  which  start  at  the 
glabella  and  extend  downward  toward  the  alie,  are  made  in  the  form  of  an  in- 
verted V.    Any  unsound  skin  over  the  bridge  of  the  nose  may  be  excised ;  and  then. 


-^^i/k^^^^ 


Fig.  500. — Operation  of  Roberts.     The  flap  EBCG  is  turned  down  beneath    the  flap  FACH. 
The  part  of  the  nose  below  the  incisions  GCH  is  thus  lowered. 

if  necessary,  an  incision  may  be  made  through  the  cartilage  of  the  nose,  in  the 
one  case  transversely  and  in  the  other  in  the  form  of  a  flattened  and  inverted  V, 
in  order  that  the  point  of  the  nose  may  be  depressed.  Flaps  are  then  turned  down 
from  the  forehead  to  fill  the  gap  thus  left.  Dieffenbach's  flap  is  triangular,  while 
Langenbeck's  is  somewhat  crescentic  and  has  a  pedicle  turned  more  easily  by 


*  See  Fig.  485,  on  page  701. 

t "  Handbuch  der  operutiven  Chirurgie,"  1870,  p.  324. 


PLASTIC  SURGERY.  715 

curving  the  outer  incision  slightly  under  the  eyebrow.  (Fig.  499.)  In  neither 
case  is  provision  made  for  folding  in  skin  to  fill  any  gap  that  may  exist  in  the 
mucous  membrane.    Cicatricial  contraction  is  therefore  certain. 

Operatiox  of  Roberts.* — Roberts  has  suggested  a  method  by  which  flaps 
with  their  pedicles  below  just  inside  the  inner  canthi,  and  with  their  apices  and 
inner  borders  adjoining  in  the  middle  of  the  forehead,  may  be  freed  and  bent 
down  so  that  one  lies  directly  above  the  other.  The  tip  of  each  flap  is  sutured 
to  the  pedicle  of  the  other.  The  outer  borders  of  the  triangular  area  left  exposed 
by  the  shifting  of  the  flaps  may  in  the  upper  part  be  drawn  together  by  sut- 
ures. In  this  operation  no  provision  is  made 
for  an  inner  flap.     (Fig.  500.) 

Second  Operation  of  SzYMANOwsKi.f — A 
rhomboidal  flap  is  cut  from  each  cheek.  The 
inner  sides  run  from  the  glabella  downward 
and  outward  to  the  alie ;  the  outer  side  of  each 
starts  at  the  inner  canthus  of  the  eye  and  runs 
out  (Jn  to  the  middle  of  the  cheek.  The  lower 
borders  are  horizontal,  and  on  a  level  with  the 

^,  ...  ,.  ,         ,  Fig.    501. — Second    Operation    of 

ala'.     The  pedicles  are  adjacent  to  each  other      sz>-manowski.     The  two  flaps  are 

between  the  eyes.      (Fig.  501.)  brought   together   to  fill    the   defect 

.  .,..,  ,  ,,  ,111  which  is  created  when  the  tip  of  the 

Any  cicatricial  or  ulcerated  area  on  the  back      ^^^  ^  lowered 
of  the  nose  may  be  excised,  and  by  means  of 

a  transverse  cut  the  tip  may  be  depressed.  By  drawing  together  the  two  flaps 
and  uniting  them  above  the  depressed  tip  of  the  nose,  the  gap  is  closed.  But, 
as  no  inner  surface  is  provided,  cicatricial  contraction  is  certain. 

Operation  of  Czerwtn^ski.J — ^At  a  preliminary'  operation,  an  elliptical  flap  is 
cut  from  the  forehead  and  is  doubled  upon  itself  in  such  a  manner  that  the  raw 
surface  of  the  tip  is  brought  against  the  raw  surface  of  the  base;  thus  a  triangu- 
lar flap,  with  an  internal  and  an  external  layer  of  skin,  is  formed.  And  at  a  second 
operation,  this  flap  is  turned  down  into  the  gap  left  by  freeing  and  depressing 
the  lower  part  of  the  nose.  If  necessary,  the  flap  may  be  cut  obliquely  from 
the  forehead  in  order  to  gain  length  of  tissue. 

Second  Operation  of  Roberts. — Roberts  has  also  suggested  a  method  by 
which  flaps»of  skin  may  be  inserted  between  the  upper  portion  and  the  tip  of  the 
nose  after  the  latter  has  been  lowered  by  a  transverse  cut  through  the  depressed 
bridge.  Flaps  may  be  cut  on  each  side  from  the  fold  between  the  nose  and  the 
cheek,  and  these  may  be  folded  into  the  gap  in  the  nose  and  united  by  their  tips 
in  the  median  line.  The  cutaneous  surfaces  thus  look  inward.  The  breadth 
of  the  flaps  should  correspond  to  the  height  of  the  gap  to  be  filled.  ITie 
areas  from  which  the  flaps   were  removed  may  be  closed  by  direct  suture. 

*  "Surgical  Treatment  of  Disfigurements  and  Deformities  of  the  Face,"  1902. 
f'Handbuch  der  operativen  Chir.,"  1870,  315.  JCentralblatt  f.  Chir.,  1889,  xvi.,  129. 
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The  flaps  with  their  raw  surfaces  turned  outward  may  be  covered  by  other  flaps 
turned  down  from  that  part  of  the  forehead  which  hes  between  the  eyebrows. 


Increased  Size  of  the  Nose. 

Many  plastic  operations  intended  to  correct  deformity  or  to  reduce  the  size 
of  parts  of  the  nose  are  done  subcutaneously  through  incisions  made  within  the 
nostrils.     These  are  not  discussed  here. 

Increase  in  the  size  of  the  nose  as  a  whole  is  not  uncommonly  due  to  hyper- 
trophic acne.  This  condition,  which  is  most  disfiguring  to  the  victim,  may 
usually  be  satisfactorily  corrected  by  cutting  off  with  a  knife,  or  scraping  away 


Fig.  502. — Operation  of  Mikulicz.  The  septum  is  divided  along  the  line  CD  (see  a).  The  sides 
B  CD  are  folded  in  to  form  new  borders  of  the  nostrils.  The  tip  A  is  drawn  back  to  form  a  new  lower 
border  of  the  septum  (see  b). 

with  a  sharp  curette,  the  hypertrophied  skin,  and  then  covering  with  Thiersch 
grafts,  if  necessary,  any  areas  too  deeply  denuded.  The  same  results  may  be 
accomplished  by  the  ther mo-cautery. 

Undue  elongation  of  the  nose  may  be  corrected  by  the  method  of  Joseph, 
who  cut  away,  from  the  sides  and  base  of  the  nose,  a  broad  enough  strip  of  skin, 
in  the  shape  of  an  inverted  V,  to  allow  the  lower  portion  to  be  raised  after  enough 
of  the  bony  and  cartilaginous  framework  had  been  removed,  and  after  a  wedge- 
shaped  piece  of  the  septum  had  been  cut  away. 

Much  more  satisfactory,  however,  is  the  method  of  Mikulicz  *  who  cut  out  a 
wedge-shaped  piece  of  the  lower  end  of  the  septum,  thus  permitting  a  folding 
backward  of  the  elongated  tip  of  the  nose,  which  portion,  when  properly  reduced 
in  size,  is  used  to  form  the  new  lower  part  of  the  septum.     (Fig.  502.) 

*  Arch.  f.  klin.Chir..  1884. 
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Absence  of  the  Nose, 


In  those  rare  instances  in  which  there  is  a  complete  absence  of  the  nose  at 
birth,  the  operation  of  Maisonneuve*  is  the  simplest  and  best  proceclm-e. 

Operation  of  Maisonneuve. — A  V-shaped  cut  is  made  in  the  upper  lip. 
The  point  of  the  V  is  exactly  at  the  red  border  in  the  median  line.  The  ends  of 
the  arms  reach  exactly  to  the  point  where  the  nostrils  should  be.  Additional  in- 
cisions are  carried  horizontally  outward  from  the  ends  of  the  arms  of  the  \. 
The  tissues  above  this  cut  are  drawn  forward.  The  V-shaped  piece  is  then 
bent  back  to  form  a  septum.  The  sides  of  the  defect  left  in  the  upper  hp  are 
drawn  together.  Thus  nostrils,  through  which  the  child  may  at  least  breathe, 
are  established  and  may  be  kept  open  by  inserting  rubber  tubes  until  heaUng  is 
complete. 

Prosthesis. 

Artificial  noses  have  been  made  out  of  white  silver,  India  rubber,  aluminum, 
gutta-percha,  porcelain,  and  paper.  At  best,  an  artificial  nose  is  imsatisf actory ; 
and  the  method  of  support  is  often  a  considerable  problem.  Certain  patients 
can  bear  to  have  a  nose  supported  by  vNires  which  get  their  bearing  within  the 
nasal  fossae  or  on  the  floor  of  the  nose.  In  other  cases  a  band,  that  gets  its  sup- 
port from  the  occiput,  has  been  passed  over  the  head.  The  simplest  and  most 
generally  satisfactory  method  is  to  have  the  artificial  nose  attached  to  a  pair  of 
spectacles,  the  necessar}'  support  being  thus  derived  from  the  ears.  The  danger 
of  the  nose  being  broken  is  always  present. 

EARS. 

Before  considering  at  all  the  various  plastic  operations  performed  upon  the 
external  ear,  we  desire  to  caU  attention  to  the  diagram  of  a  normal  ear  (Fig.  503) 
in  order  to  avoid  confusion  in  the  names  of  the  various  parts. 

The  anatomical  variations,  within  normal  limits,  are  gi'eater  in  the  external 
ear  than  in  any  other  part  of  the  body.  "  The  lobule  may  be  very  broad  or  very 
pointed,  entirely  free  from  the  side  of  the  neck  or  closely  bound  down  to  it. 
The  helix  may  roll  over  decidedly  and  thus  limit  a  rather  deep  fossa,  or  it  may  be 
so  flat  as  to  be  scarcely  differentiated  from  the  fossa  of  the  helix.  Such  varia- 
tions are  so  common  that  it  is  hard  to  define  the  normal.  It  is  only  when  the 
two  ears  are  not  symmetrical  that  surgical  interference  may  be  necessarj'. 

Of  more  importance  is  the  form  of  the  anti-helix,  though  here  again  wide 
variations  occur  within  normal  limits.  The  fold  along  the  anti-helix  may  be 
very  sharp  or  very  much  rounded.     The  posterior  arm  of  the  anti-helix,  which 

*  Bulletin  de  Therapeutique,  1855,  p.  559. 
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above  divides  the  fossa  of  the  anti-helix  from  the  fossa  of  the  heUx,  varies  greatly 
in  its  prominence,  at  times  being  almost  absent.  But  when  there  is  not  a  clear 
division  between  the  two  fossse  the  ear  is  less  graceful  and  its  upper  part  is  apt  to 

project.  Loss  of  a  sharp  division  between  the  con- 
cha and  the  fossa?  above  and  behind  it  is  clearly 
abnormal. 

There  are  also  wide  variations  in  the  manner  in 
which  the  ear  is  attached  to  the  head.  The  angle  at 
which  the  ear  is  tilted  is  of  relatively  little  impor- 
tance; but  the  angle  at  which  it  stands  off  from  the 
head  is  of  great  consequence. 

The  size  of  the  ears  varies  greatly  within  normal 
limits,  but  here  again  asymmetry  is  always  abnormal. 
Plastic  operations  are  undertaken: — to  correct 
congenital  or  acquired  defects  or  malformations;  to 
correct  cicatricial  deformities  resulting  from  burns, 
frost  bites,  or  trauma;  to  restore  the  ear  as  nearly 
as  possible  to  its  normal  shape  after  parts  have  been 
removed;  and  to  correct  undue  prominence. 

Certain  general  rules  should  be  followed,  as  far  as 
possible,  in  operations  on  the  ear.  Incisions,  for  exam- 
ple, should, 
if  possible,  be 
confined  to 
the  posterior 
surface.  Accurate  apposition  of  carti- 
lage to  cartilage  and  of  skin  to  skin  is 
also  very  important.  The  attempt 
should  never  be  made,  if  it  can  pos- 
sibly be  avoided,  to  hold  the  ear  or  any 
portion  of  it  in  a  new  position  against 
the  natural  spring  of  the  cartilage.  As 
the  ear  is  peculiarly  liable  to  keloid  for- 
mation, it  is  very  important  to  secure 
healing  by  first  intention  and  to  avoid 
tension  upon  or  irritation  of  any  scars. 
Congenital  Anomalies  of  the  Ex- 
ternal Ear. — Among  the  congenital 
anomalies  of  the  external  ear  there  are  many  varieties.  In  some  instances,  the 
entire  ear  is  lacking;  in  others,  portions  are  lacking;  in  still  others,  there  is  a 
congenital  anomaly  of  form  due  to  a  misplacement  of  the  cartilages  upon  each 
other.    (Fig.  504.)   In  cases  in  which  any  large  part  of  the  external  ear  is  miss- 


FiG.  503. — Diagram  Showing 
the  Parts  of  a  Normal  Exter- 
nal Ear.  Particular  attention 
is  directed  to  the  anti-helix, 
which  is  usually  a  sharp  fold 
below,  dividing  above  into  a 
sharp  fold  below  the  fossa  of 
the  anti-helix,  and  a  much  less 
pronounced  fold  above  and  be- 
hind it,  which  separates  the 
fossa  of  the  helix  from  the 
fossa  of  the  anti-helix.  Many 
malformations  of  the  ear  de- 
pend upon  the  shape  of  the 
anti-helix. 


Fig.  504. — Malformation  of   the  Ear  Due  to  Ir- 
regular Union  of  the  Cartilages. 
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ing,  plastic  operations  should  be  undertaken  only  after  most  careful  consideration. 
It  is  a  matter  of  such  extreme  difficulty  to  build  up  an  external  ear  which  shall 
maintain  its  shape  for  any  length  of  time  that  better  results  are  usually  to  be  ob- 


FiG.  505. — Operation  for  the  Removal  of  a  Wedge-shaped  Portion  of  the  Upper  Flar.  (After 
ChejTie  and  Burghard.)  The  distance  from  .1'  to  B'  should  equal  the  distance  from -4.  to  C  In  this 
manner  any  inequality  in  the  lengths  of  the  sides  of  the  wedge  as  originally  cut  may  be  disregarded. 

tained  by  using  some  prosthetic  apparatus.  Attempts  have  nevertheless  been 
made  to  form  an  ear  by  utilizing  the  skin  from  over  the  mastoid  region,  a  double 
flap  being  employed.  Such  an  operation  has  been  described  by  Szymanowski,  who 
made  the  external  flap  by  a  semilunar  incision  posterior  to  the  meatus.  This 
incision  is  incomplete  behind  in  order  that  a  crescentic  piece,  convex  anteriorly 


Fig.  506. — Operation  of  Parkhill.     The  same  rule  holds  as  in  the  preceding  operation. 

and  of  the  same  size  as  the  first  flap,  may  be  left  attached  to  it  to  be  folded  in  to 
form  an  inner  flap.  At  best  such  an  ear  would  be  a  shapeless  projection  of 
flabby  skin. 
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Attempts  have  also  been  made  to  form  a  new  ear  by  transferring  skin  first 
from  the  abdomen  to  the  arm,  and  then  from  the  latter  to  the  head. 

In  some  of  the  less  serious  defects  it  may  be  possible  to  make  the  lower  part 


Fig.  507. — Operation  of  Gersuny.     Method  to  be   followed  where  the    defect  is  located  in  the 

upper  part  of  the  helix. 

of  the  ear  relatively  normal  and  trust  to  concealing  beneath  the  hair  the  absence 
of  the  upper  part. 

In  cases  in  which  the  cartilages  are  misplaced,  one  upon  another,  very  marked 
benefit  can  usually  be  derived  from  a  carefully  planned  plastic  operation.  It 
is  important  always  in  such  cases  to  plan  the  flaps  in  such  a  way  that  every 


Fig.  508. — Operation  of  Gersuny. 


Method  to  be  followed  where  the  defect  is  located  in  the  lower 
part  of  the  helix. 


particle  of  skin  may  be  saved,  as  usually  in  addition  to  the  defect  of  form  there 
is  a  defect  in  size.  In  all  such  cases  the  elasticity  of  the  cartilages  is  to  be  care- 
fully taken  into  consideration  in  planning  the  operation. 

Acquired  Deformities  of  the  External  Ear. — One  of  the  most  common 
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acquired  deformities  is  a  binding  down  of  the  lobule  to  the  side  of  the  neck  by 
cicatricial  bands,  usually  the  result  of  severe  bums.  This  may  be  easily  corrected 
by  cutting  across  or  excising  any  such  bands  and  uniting  the  edges  of  the  skin  on 
each  side  separately.  Though  the  shape  of  the  lobule  differs  greatly  in  different 
individuals  it  is  essential  that  the  two  sides  should,  if  possible,  be  symmetrical. 
It  is  important,  also,  that  the  incisions  be  made  low  enough  to  include  sufficient 
tissue  to  form  a  lobule  of  proper  size,  and  with  the  resulting  scar  upon  its  pos- 
terior surface,  where  it  may  be  inconspicuous.    The  removal  from  the  neck  of 


Fig.  509. — Outstanding  Ears.     The  defonuity  is  due  to  the  position  of  the  ears  as  a  whole  upon 
the  head.     The  angle  at  the  anti-helix  Ls  normal. 

the  extra  tissue  necessary  to  accomplish  this  does  not  materially  add  to  the 
visible  scar. 

An  absence  or  defect  of  the  lobule  may  be  corrected  in  a  similar  manner  by 
taking  a  flap  of  skin  and  underlying  tissues  from  the  neck.  It  must  be  remem- 
bered, however,  that  the  fat  in  such  a  flap  is  largely  absorbed  and  that  the  skin 
shrinks  decidedly  as  soon  as  it  is  transferred  to  its  new  position  and  so  in  part 
deprived  of  its  nutrition.  It  is,  furthermore,  a  very  difficult  matter  to  form  a 
new  lobule  which  shall  appear  to  spring  normally  from  the  ear  rather  than  from 
the  neck. 

Minor  defects  of  the  lobule  which  are  quite  common  may  be  corrected  by 
direct  union  of  the  sides  of  the  gap. 

VOL.  rv. — 46 
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Under  some  circumstances  the  injection  of  paraffin  into  the  lobule  may  be  of 
use. 

Cicatricial  contractions  of  other  parts  of  the  external  ear  are  often  most 
difficult  to  correct.  Unless  they  are  situated  in  places  where  it  is  easy  to  intro- 
duce skin  flaps  from  the  cheek  or  from  other  neighboring  parts  it  is  very  fre- 
quently found^that  cicatrices  in  the  upper  part  of  the  ear  which  draw  it  down- 
ward or  forward  involve  more  or  less  of  the  cartilage.  In  the  correction  of  such 
deformities  no  general  rules  can  be  laid  down  because  no  two  cases  are  alike. 
It  may  often  be  possible,  however,  to  free  the  skin  and  slide  it  upon  the  under- 
lying cartilage  unless  the  surface  is  too  rough  and  irregular. 

In  cases  in  which  a  part  of  the  upper  ear  is  lost  several  methods  have  been 
devised,  the  object  of  which  is  to  maintain  as  far  as  possible  the  general  form  of 


Fig.  510. — Outstanding  Ear.     The  deformity  is  due  chiefly  to  the  position  of  the  ear  as  a  whole — 
in  small  part  onlj'  to  the  loss  of  the  angle  at  the  anti-helix,     a,  Rear  view;  h,  front  view. 

the  ear,  and  at  the  same  time  prevent  the  union  of  the  sides  of  the  defect  from 
drawing  the  remaining  parts  out  of  their  proper  positions. 

Operation  of  Cheyne  and  Burghard. — Cheyne  and  Burghard  *  describe  a 
method  by  which  a  crescentic  piece,  immediately  above  the  anti-helix,  may  be 
removed  in  order  to  allow  approximation  of  the  sides  of  a  wedge-shaped  gap  in 
the  upper  part  of  the  ear.  (Fig.  505.)  The  prominent  edge  of  the  anti-helix  is 
left  intact.     The  posterior  upper  arm  of  the  anti-helix  is  disregarded. 

Operation ,OF  PARKHiLL.—Robertst  describes  a  method  that  was  devised  by 
Parkhill,  and  that  is  adapted  to  reducing  the  size  of  the  ear  or  to  closing  a  defect 
in  the  helix  at  its  posterior  part.    (Fig.  506.)     In  all  essentials  the  operation  is 

♦Vol.  v.,  p.  183.  t "Deformities  of  the  Face,"  page  57. 
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similar  to  the  one  just  described,  except  that  the  crescentic  piece  is  excised  from 
an  area  behind  rather  than  above  the  anti-heUx. 


Fig.  oil. — Prominent  Ear.     Deformity  is  due  to  loss  of  normal  angle  at  the  anti-helix.     (Com- 
pare Fig.  510.) 


Fig.  512. — Prominent  Ear.     The  deformity  due  to  loss  of  normal  angle  at  the  anti-helix  is  done 
away  with  by  restoring  the  angle.     (Same  person  as  in  Fig.  511.) 
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Operation  of  Gersuny.*— Gersimy,  instead  of  excising  a  crescentic  area 
above  the  anti-helix,  has  taken  out  a  crescentic  piece  from  the  outer  part  of  the 
fossa  helicis,  just  inside  the  hehx.  (Fig.  507.)  In  this  manner  the  scar  is  left  in  a 
less  conspicuous  position,  just  under  the  fold  of  the  helix ;  and  no  strain  whatever, 
or  change  in  relation  of  the  more  central  parts  of  the  ear,  is  caused.  The  opera- 
tion is  admirably  adapted  to  those  cases  in  which  a  part  of  the  helix  is  lost,  but 
in  which  there  has  been  no  loss  in  the  more  central  part  of  the  ear  toward  the  an- 
ti-helix. The  upper  outer  border  of  the  excised  crescent  must  reach  along  the  edge 
of  the  helix  as  far  as  the  point  where  it  is  attached  to  the  head.  The  width 
of  the  crescentic  piece  of  pinna  removed  should  be  nearly  two-thirds  the  length 
of  the  gap  to  be  closed. 

Almost  precisely  the  same  procedure  may  be  followed  when  the  defect  in  the 
helix  is  low  down.  (Fig.  508.)     The  crescentic  piece  need  not  be  excised  from 


Fig.  513. 


Fig.  514. 


Figs.  513  and  514. — Result  of  Operation  to  Restore  the  Angle  at  the  Anti-helix.     (Same  person 
as  in  Pigs.  511  and  512.)     Fig.  513,  front  view;  Fig.  514,  rear  view. 

an  area  adjacent  to  the  defect,  but  it  should,  by  preference,  be  taken  from  the 
most  prominent  and  curving  part  of  the  ear,  where  the  removal  of  a  relatively 
small  piece  will  not  materially  diminish  the  size  of  the  circle  which  the  freetl 
helix  must  surround.  The  risk  here  lies  in  the  impaired  nutrition  of  the  long 
flap  of  the  hdix. 

Any  of  these  operations  may,  of  course,  be  performed  in  cases  in  which  it  is 
desired  simply  to  reduce  the  size  of  the  ear. 

*  Wiener  med.  Wochenschrift,  1903,  No.  48. 
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Abnormally  Prominent  Ears  may  be  divided  into  two  groups;  in  the 
first,  the  ear  itself  is  of  normal  shape,  but  is  attached  to  the  head  in  an  abnor- 
mal position.  (Figs.  509  and  510.)  In  the  second  group,  the  prominence  is  due 
to  an  abnormality  in  the  ear  itself.     (Fig.  511.) 

It  should  be  borne  in  mind  constantly  that  the  shape  of  the  ear  depends 
upon  the  shape  of  the  cartilage,  and  the  shape  of  the  cartilage  depends  chiefly 
upon  its  area. 

If  it  is  necessarj^  to  bring  the  ear  as  a  whole  back  against  the  head,  crescentic 
pieces  of  skin  may  be  removed  from  the  upper  part  of  the  mastoid  process  and 
from  an  exactly  corresponding  area  on  the  posterior  surface  of  the  ear.     It  is 


I 


Fig.  515. — Prominent  and  Misshapen  Ears.     That  on  the  patient's  right  side  is  unduly  prominent, 
while  that  on  the  left  is  both  prominent  and  misshapen.     No  angle  at  anti-helix  on  either  side. 

essential  that  all  tissues  be  removed  down  to  the  periosteum  of  the  skull  and 
down  to  the  cartilage  of  the  ear.  It  is  usually  wise  to  go  further  and  shave 
off  some  of  the  cartilage  without  actually  perforating  it,  in  order  that  the  force 
of  the  spring  in  the  cartilage  may  be  diminished.  Cartilage  should  be  united 
to  periosteum.  If  any  tissues  intervene,  the  spring  of  the  cartilage  will  cause 
stretching  of  the  scar;  and  the  deformity  may  then  be  reproduced.  If  so,  in 
addition  to  the  prominence,  the  appearance  of  the  ears  from  behind  will  be  verj'^ 
objectionable.    With  the  excision  of  the  pieces  of  skin  the  natural  depth  of  the 
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fold  between  the  ear  and  the  side  of  the  head  is  much  diminished.  If  the 
resulting  scar  becomes  stretched  out,  the  ears,  as  seen  from  behind,  suggest 
those  of  a  bull-dog. 


Fig.  516. 


Fig.  517. 

Figs.  616  and  617. — Side  Views  of  the  Same  Person's  Left  Ear.  (Compare  Fig.  515.)  Fig.  516, 
malformed  left  ear;  no  angle  at  anti-helix;  redundant  cartilage  in  upper  part  of  ear.  Fig.  517,  angle 
at  anti-helix  of  the  same  ear  restored ;  redundant  cartilage  brought  into  view  by  restoring  the  normal 
position  of  the  parts. 
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In  the  second  group  of  cases,  the  upper  or  posterior  parts  of  the  ear,  or  both, 
stand  out  abnormally,  ovsing  to  an  insufficient  angle  at  the  anti-helix,  between 
the  concha  and  the  fossae  above  and  behind  it.  Such  a  deformity  may  vary  in 
degree  up  to  a  complete  absence  of  the  anti-helix,  in  which  case  the  concha  seems 
to  include  the  whole  upper  part  of  the  ear.  (Fig.  511.)  This  type  of  deformity 
may,  of  coiu^e,  be  corrected  by  uniting  the  ear  to  the  side  of  the  head,  exactly 
as  has  already  been  described.  It  is  more  rational,  however,  to  correct  the  de- 
formity by  changing  the  shape  of  the  cartilage.  It  is  possible  to  determine  the 
exact  line  along  which  the  shape  of  the  cartilage  needs  to  be  changed,  by  pressing 
back  the  ear  with  the  fingers,  (Fig.  512.)  Then,  by  excising  a  piece  of  skin  from 
the  posterior  surface  along  this  Une  and  cutting  out  a  strip  of  cartilage,  the  ear 
will  assume  a  normal  shape.  In  doing  this,  it  is  important  to  avoid  perforat- 
ing the  skin  of  the  anterior  surface,  unless  under  exceptional  circumstances  it 
mav  seem  wise  to  excise  a  segment  including  the  entire  thickness  of  the  ear. 


Fig.  518. 


Fig.  519. 


Fig.  518. — ilalformation  of  Upjjer  Part  of  Ear  Due  to  Abnormal  Prominence  and  Direction  of 
the  Posterior  Arm  of  the  Anti-helix. 

Fig.  519. — Malformation  of  the  Posterior  Arm  of  Anti-helix.  In  both  this  and  the  preceding 
persons  the  malformation  is  due  to  redundant  area  of  cartilage. 
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Usually,  however,  any  redundancy  of  the  anterior  skin  soon  disappears.  (Figs. 
513  and  514.) 

In  some  instances  the  prominence  of  the  ear  is  due  to  the  large  size  of  the 
concha  which,  in  spite  of  a  normal  angle  at  the  anti-helix,  s^Nings  far  enough  for- 
ward to  make  prominent  the  parts  behind  and  above  it. 

The  shape  of  the  piece  of  cartilage  to  be  removed  varies  in  each  individual 
case.  At  each  end  it  should  always  taper  to  a  point.  WTien  the  cartilage  is 
thick  enough  to  make  any  difference,  the  piece  removed  should  be  wedge-shaped, 
wider  on  the  posterior  than  on  the  anterior  surface.  The  width  of  the  strip,  its 
direction,  and  its  shape  must  varj-  with  circumstances.  Most  important  of  aU 
is  that  the  two  ears  should  be  symmetrical.     (Fig.  515.) 

The  dependence  of  the  shape  of  the  ear  upon  the  area  of  the  cartilages  is  well 
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shown  in  Figs.  516  and  517.  In  such  a  case  excision  of  a  certain  amount  of 
cartilage  is  absolutely  necessary  in  case  the  ear  is  to  be  restored  to  its  normal 
shape.  In  such  a  condition  the  wearing  of  caps  to  hold  the  ear  back  would  be 
absolutely  useless.  In  many  cases,  however,  in  which  the  cartilage  springs 
into  either  a  normal  or  a  completely  abnormal  position  upon  the  application  of 
slight  force,  simply  holding  it  in  normal  position  may  easily  lead  to  a  complete 
cure  without  operation. 

A  comparison  of  Figs.  516  and  517  with  those  of  congenital  malformation 
of  the  anti-helix  (Figs.  518  and  519)  is  interesting  and  suggestive  as  regards  the 
importance  of  the  area  of  cartilage  in  causing  the  malformation. 

Artificial  Ears. — Artificial  ears,  usually  made  of  papier-mache,  may  be  at- 
tached easily  by  means  of  springs  encircling  the  head  and  concealed  by  the  hair. 
They  must  of  course  be  modelled  to  correspond  exactly  to  the  ear  of  the  oppo- 
site side.  When  the  defect  is  great,  the  appearance  of  an  artificial  ear  is  usu- 
ally better  than  that  of  anything  which  can  be  constructed  by  plastic  opera- 
tions. The  chief  and  unsurmountable  difficulty  with  an  artificial  ear  is  its 
necessarily  constant  color. 


PART  XV. 
ORTHOPEDIC    SURGERY. 


CONGENITAL  DISLOCATIONS. 

By   CHARLES   F.   PAINTER,    M.D.,   Boston,  Mass. 


Of  the  congenital  deformities  to  which  the  human  body  is  subject,  disloca- 
tions of  the  various  joints  represent  a  considerable  portion.  Some  of  these  are 
not  tiTie  dislocations,  but  are  described  as  such  because  one  bone  which  nor- 
mally participates  in  the  construction  of  an  articulation  is  out  of  its  customary 
relations  in  consequence  of  the  absence,  in  whole  or  in  part,  of  its  companion 
bone.  In  this  way  when,  for  example,  the  radius  is  missing,  we  may  have  a 
congenital  luxation  of  the  carpus,  and  when  the  fibula  or  tibia  is  absent  we  may 
have  a  congenital  luxation  of  the  tarsus.  This  is  an  entirely  different  condition 
from  that  which  obtains  when,  through  a  defect  in  the  shape  of  the  acetabulum 
or  of  the  contour  of  the  femoral  head,  these  two  bones  are  not  kept  in  normal 
relations  to  each  other. 

The  causes  for  these  congenital  defects  are  scarcely  better  understood  to-day 
than  they  were  ten  years  ago  (1898),  when  Kirmisson,  after  devoting  nine  years 
to  their  study,  ventured  to  publish  his  "Traite  des  Maladies  Chinirgicales 
d'Origine  Congenitale." 

These  dislocations,  such  as  that  of  the  carpus  or  tarsus,  associated  with  a 
congenital  absence  of  the  radius  or  the  fibula,  are  obviously  different  in  their 
causation  from  those  of  the  hip.  In  the  former  there  is  undoubtedly  some 
embrj'ological  defect  whereby  an  entire  member  has  been  left  out.  In  the 
latter  there  is  much  less  evidence  of  a  lack  in  development,  the  conspicuous 
feature  brought  out  by  a  study  of  the  cases  being  that  the  deformity  seems  to 
be  caused  by  a  faulty  position  of  the  foetus  in  utero. 

Many  factors  may  enter  into  the  etiolog\'  of  congenital  dislocations.  Devel- 
opmental peculiarities  of  various  kmds,  abnormalities  of  position  of  the  fcetus, 
and  changes  in  the  amount  of  amniotic  fluid  and  therefore  of  the  pressure  upon 
the  fcetus  from  the  walls  of  the  uterine  cavity,  are  the  chief  influences  which 
seem  to  be  concerned  in  the  production  of  these  d^eformities.  An  appreciation 
of  the  fact  that  such  factors  as  these  are  concerned  in  the  establishment  of  the 
conditions  under  consideration  should  have  an  influence  in  determining  the 
character  of  the  treatment  undertaken.  The  influences  which  determine  growth 
and  development  are  not  known  in  their  entirety.  The  arrangement  of  the  cells 
composing  those  parts  of  the  embryo  which  are  to  enter  into  the  formation  of 
a  given  bone  or  joint  may  be  an  essential  feature  of  the  normal  gro\Ni:h  of  that 
part.     It  is  obvious  that  if  such  arrangement  is  an  essential  in  the  matter  of 
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growth,  no  human  power  can  effect  a  rearrangement  of  these  cells.  It  is  even 
more  inconceivable  that  any  peculiarities  of  development,  which  are  dependent 
upon  the  absence  of  cells  or  groups  of  cells  from  a  given  bone  or  joint,  should 
be  capable  of  correction  by  human  agency.  After  the  termination  of  uterine  life 
there  may  be  extra-uterine  conditions  which  are  influential  in  determining  the 
increase  of  deforniities  already  begun  which  were  not  dependent  upon  any  pri- 
mary structural  defects  in  the  embryo.  It  seems  more  than  likely  that  an 
approximation  of  the  constituent  parts  of  a  joint,  after  the  manner  that  Nature 
has  employed,  represents  an  essential  factor  in  the  normal  growth  and  develop- 
ment of  that  joint.  There  is  abundant  evidence  that  the  deprivation  of  any  part 
of  the  body  of  its  capacity  for  normal  function  impairs  the  growth  of  that  part ; 
and  if  that  can  be  true,  as  it  is,  at  a  period  of  hfe  when  growth  has  ceased, 
except  in  so  far  as  a  replacement  of  the  wear  and  tear  of  tissue  is  concerned, 
it  must  certainly  be  all  the  more  true  of  those  periods  of  life  when  there  is 
the  greatest  cellular  activity  and  the  greatest  evidence  of  tissue  building  and 
growth.  Where  infantile  paralysis  or  some  inflammatory  condition  causing  an 
ankylosis  of  large  joints  has  been  present,  there  is  a  very  noticeable  interference 
with  the  growth  of  the  limb  in  length.  The  failure  to  increase  in  length  is  in- 
dicative of  a  diminution  of  the  nutritive  processes  in  the  limb  very  largely  de- 
pendent upon  the  impairment  of  function.  Abundant  evidence  of  this  influence 
could  be  adduced  were  further  proof  necessaiy. 

When  the  bones  of  limbs  thus  put  out  of  commission  through  paralysis  or 
ankylosis  are  studied  by  means  of  the  radiograph,  it  is  at  once  apparent  that 
there  is  an  atrophy  of  structure  as  well  as  an  atrophy  of  size.  When  sach  an 
articulation  as  the  hip  joint  is  studied  under  such  conditions  as  have  been  de- 
scribed above,  it  is  found  that  this  structural  atrophy  is  not  confined  to  the 
femur,  but  is  apparent  in  the  innominate  bone  as  well.  Thus  it  can  readily  be 
understood  that  impairment  of  function  at  a  given  joint,  whether  brought  about 
by  inflammation  or  paralysis — two  causes  which  must  operate  to  a  certain  extent 
in  different  ways — results  in  structural  changes  in  the  respective  articulation.  If 
such  changes  as  are  evident  under  these  circumstances  can  take  place  for  this 
cause,  it  seems  reasonable  to  explain  the  changes  which  are  so  evident  in  many 
of  the  congenital  misplacements,  luxations,  and  dislocations  on  the  ground  that 
they  are  structural  adaptations  to  the  anatomic  disarrangement.  We  are  no 
nearer  an  explanation  of  the  prime  causes  of  the  dislocations  than  we  were  before, 
perhaps;  but  we  are  in  a  position  to  anticipate  the  results  of  various  forms  of 
treatment  more  intelligently  than  if  we  regard  the  congenital  dislocation  of  any 
joint  merely  as  an  anatomic  condition,  which  only  requires  the  proper  manipu- 
lative dexterity  to  insure  a  restoration  to  the  normal  both  anatomically  and 
functionally.  It  has  seemed  to  the  writer  that,  in  much  of  the  discussion  of 
congenital  dislocations,  particularly  in  that  which  has  been  written  concerning 
congenital  dislocation  of  the  hip,  this  point  of  view  had  been  lost,  and  that  the 
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ideal  result  which  the  surgeon  had  been  holding  up  as  his  goal  was  that  of  the 
traumatic  dislocation  which  was  capable  of  manipulative  reduction.  In  con- 
sequence of  the  pursuit  of  such  a  false  ideal  much  unprofitable  discussion  and 
unfruitful  investigation  has  been  indulged  in  by  many  enthusiasts  whose  zeal 
has  prompted  injudicious  endeavor. 

Hoffa,*  in  discussing  congenital  deformities,  under  which  heading  are  in- 
cluded all  the  dislocations,  makes  two  main  divisions. 

The  first  includes  the  primar\'  or  idiopathic  deformities,  of  which  congenital 
club-foot,  club-hand,  and  congenital  scoliosis  are  examples.  In  this  class  he 
calls  attention  to  the  atavistic  character  of  the  deformities,  pointing  to  heredi- 
tary influences. 

In  his  second  class  he  include  those  deformities  which  have  resulted  from 
abnormal  conditions  in  utero,  the  result  of  faulty  posture,  or  abnormalities  in 
the  amoimt  or  distribution  of  the  amniotic  fluid.  Among  these  are  congenital 
dislocations  of  the  hip,  intra-uterine  amputation  of  Hmbs,  and  congenital  absence 
of  individual  bones  or  parts  of  bones.  By  such  abnormalities  of  position  and 
variation  from  the  normal  conditions  of  intra-uterine  pressure,  embryonic  dif- 
ferentiation of  tissue  may  be  materially  influenced. 

Tubby  t  discusses  three  theories  of  the  origin  of  congenital  deformities, 
particularly  in  their  bearing  upon  congenital  dislocation  of  the  hip. 

The  first  theory  is  that  at  birth  there  has  been  some  mechanical  cause  for 
the  deformity  connected  with  the  difficulties  of  exit  from  the  uterine  cavity  and 
vagina. 

The  second  theory  concerns  itself  with  the  pathological  causes  for  congenital 
deformity,  which  he  considers  under  three  heatis,  viz.:  (1)  Muscular  contracture 
due  to  lesions  of  the  central  nervous  system ;  (2)  Paralysis  of  intrinsic  muscles, 
as,  for  example,  those  about  the  trochanter  in  cases  of  congenital  hip  dislo- 
cations ;  (3)  Morbid  conditions  of  cartilage  and  hgament. 

The  third  theoiy  relates  to  developmental  defects  in  the  embryo,  and  it  is 
this  theory  which  receives  Tubby 's  support. 

Riedinger  |  divides  congenital  deformities  into  (a)  those  produced  by  intra- 
uterine contractures  and  (b)  Belastungsdeformitaten.  He  points  to  the  fact 
that  the  position  assumed  by  the  foetus  in  utero  and  the  development  of  the 
amniotic  sac  and  the  amount  of  its  fluid  content  are  factors  in  the  production  of 
deformity.  He  also  explains  some  deformities  on  the  ground  of  defects  in  the 
development  of  the  skeleton  and  cites  fcetal  cUsease  as  an  occasional  cause  of 
intra-uterine  deformity.  Intra-uterine  fcetal  haemorrhage  may  cause  nmscular 
degenerations  which  occasion  contracture  of  fcetal  muscle  and  give  rise  to  dis- 
location and  other  deformities. 

*  Hoffa:   "Lehrbuch  der  orth.  Chir./'  1902,  p.  10. 

t  Tubby:  "A  Treatise  on  Orthopaedic  Surgery,"  p.  522. 

%  Riedinger:   Joachimsthal's  "Handbuch  der  orth.  Chir.,"  p.  33. 
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Stimson,*  after  discussing  the  earlier  history  of  the  study  of  congenital  dis- 
locations, takes  up  the  various  theories  which  have  been  advanced  to  explain 
congenital  dislocations  in  general  and  particularly  in  the  case  of  congenital 
dislocation  at  the  hip  joint.  He  is  an  advocate  of  the  theory  of  developmental 
deficiency,  and  believes  this  is  particularly  true  and  easy  of  recognition  in  the 
case  of  congenitqtl  hip  displacements.  He  cites  an  instance  where  intra-uterine 
hydrops  articuli  had  been  present  and  had  so  distended  the  joint  capsule  that  a 
dislocation  resulted.  He  believes  that  trauma,  abnormal  position  in  utero,  and 
paralysis  may  account  for  some  of  the  cases.  Coexistence  of  two  or  more  con- 
genital defects  or  dislocations,  a  manifest  tendency  in  some  deformities  to  be 
transmitted  from  generation  to  generation,  and  the  frequency  of  bilateral  dis- 
locations he  regards  as  strong  proof  of  the  theory  of  arrested  development. 

Young  f  discusses  briefly  four  theories  of  the  cause  of  congenital  deformities, 
including  congenital  dislocations,  viz. : 

1.  Heredity. 

2.  Mechanical  (intra-uterine  pressure  and  trauma). 

3.  Prenatal  disease. 

4.  Arrest  or  defect  of  development. 

He  is  inclined  to  favor  the  fourth  of  these  theories  as  giving  the  most  plau- 
sible explanation  of  most  of  the  deformities  of  this  class. 

Kirmisson  in  his  text-book,  already  quoted,  devotes  his  entire  attention  to 
the  exposition  of  his  theories  of  the  origin  of  congenital  defects  and  dislocations. 
His  studies  are  based  largely  upon  embryological  investigation,  and  therefore 
relate  chiefly  to  the  theories  which  have  already  been  cited  bearing  upon  devel- 
opmental defects,  some  of  which  are  inherent  in  the  embryo  and  for  which  there 
is  no  other  explanation  than  that  they  are  idiopathic,  and  others  of  which  are 
influenced,  to  some  extent  at  least,  by  abnormalities  of  intra-uterine  pressure. 
This  abnormal  pressure  may  cause  atrophy  only,  or  if  kept  up  long  enough,  or 
if  severe  enough,  may  lead  to  a  total  inhibition  of  embryonic  development.  On 
this  theory  are  explained  conditions  of  deformity  which  vary  all  the  way  from 
only  a  slight  departure  from  the  normal  anatomical  relation  to  a  complete  ab- 
sence of  a  member  or  some  essential  osseous  component  of  that  member.  Such 
theories  are  competent  to  explain  some  of  the  dislocations  which  are  due  to  the 
absense  of  bones  or  portions  of  bones  entering  into  the  composition  of  a  given 
joint. 

The  consensus  of  opinion  of  writers  best  quahfied  to  express  an  opinion  upon 
the  causes  of  congenital  dislocation  would  seem  to  favor  the  theory  of  inter- 
ference with  development  in  the  embryonic  or  fa3tal  state.  There  seems 
to  be  but  little  actual  proof  to  support  such  theories  as  that  of  foetal  disease 
or  paralysis  of  groups  of  muscles  during  foetal  life.    Positive  proof  in  relation 

*  Stimson:  "Fractures  and  Dislocations,"  1900,  p.  463. 

t  Young:  "Manual  and  Atlas  of  Orthopaedic  Surgery,"  1905,  p.  838. 
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to  such  matters  is  at  best  sufficiently  difficult  to  secure.  The  effects  of  con- 
striction, compression,  and  distention  of  various  kinds  upon  growing  bones  are 
kno^Ti;  and  the  possibility  of  the  existence  of  such  forces  during  f octal  life  has 
been  abundantly  demonstrated.  It  is,  therefore,  easy  to  understand  how,  under 
the  exercise  of  force  of  this  kind  during  a  period  of  Ufe  when  tissues  are  most 
susceptible  of  modification,  disruption  of  their  normal  relations  may  easily  take 
place,  giving  rise  to  cUslocations.  It  is,  furthermore,  not  a  difficult  matter  to 
understand  how  duruig  the  earlier  months  of  extra-uterine  life  the  inabihty  to 
function  properly  would  aggravate  conditions  already  existing,  and  that  such 
aggravation  would  naturally  be  all  the  more  pronounced  because  the  activity  of 
the  tissue-building  processes  is  only  slightly  less  during  the  early  weeks  of  extra- 
uterine Ufe  than  it  was  before  birth.  The  influence  of  faulty  positions  in  utero, 
upon  the  production  of  some  of  the  most  common  dislocations,  seems  a  very 
easy  thing  to  comprehend.  That  faulty  positions  do  occur  at  this  time  has  been 
not  infrequently  observed. 

Having  discussed  at  some  length  the  reasons  for  the  existence  of  congenital 
dislocations,  it  wiU  now  be  well  to  consider  the  individual  dislocations  in  order. 

Truxk. — In  the  trunk  there  are  many  congenital  defects,  such  as  numerical 
variations  in  the  number  of  vertebra^,  there  being  in  some  cases  too  many  cer- 
vical and  too  few  thoracic,  or  too  many  thoracic  and  too  few  lumbar.  Ribs 
may  be  attached  to  the  lower  cervical  vertebrae  and  not  to  the  lower  thoracic, 
but  there  are  no  luxations  of  the  vertebrse  which  are  of  congenital  origin.  In 
the  process  of  development  of  the  bony  skeleton  the  scapulae  are  situated  higher 
upon  the  vertebral  column  than  where  they  ultimately  rest,  and  the  innomi- 
nate bones  are  situated  higher  up  than  they  are  found  in  extra-uteruie  life.  In 
the  process  of  development  they  both  descend.  It  occasionally  happens  that 
the  innomhiates  do  not  descend  equally  on  the  two  sides,  and  we  then  have, 
according  to  Bohm  and  others,  a  cause  for  congenital  scolioses.  Whether  a 
similar  irregularity  in  the  scapulae  accounts  for  the  abnormalities  in  the  height  of 
these  bones,  which  Sprengel  *  first  described,  has  not  as  yet  been  made  clear. 

Congenital  Elevation  of  the  Scapula. — In  1891  Sprengel  described  four 
cases  of  this  deformity,  drawing  the  attention  of  the  profession  to  a  condition 
which  must  have  existed  but  which  had  been  overlooked  or  regarded  as  a  part 
of  some  other  deformity,  such  as  scoliosis  or  torticollis,  both  of  which  are  not  in- 
frequently associated  with  it.  Since  Sprengel's  first  report  a  great  many  differ- 
ent observers  have  recorded  similar  cases,  so  that  now  the  deformity  is  a  well- 
recognized  clinical  entity. 

It  gives  rise  to  no  particular  sjTnptoms  of  a  subjective  character  and  may 
not  be  recognized  for  several  years  after  birth  or  until  the  deformity  is  suffi- 
ciently pronounced  to  attract  attention.  There  seem  to  be  two  distinct  types 
of  elevation  of  the  scapula.     In  one  there  is  a  bridge  of  bone  connecting  the 

*  Sprengel:  Archiv  fQr  klin.  Chirurgie,  xlii.,  3  Heft,  p.  345. 
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superior  angle  of  the  scapula  with  the  spinous  process  of  some  one  of  the  neigh- 
boring cervical  vertebra?.  There  is  usually  a  false  joint  at  either  end  of  this 
osseous  bridge,  thus  permitting  a  certain  amount  of  motion  between  the  upper 
part  of  the  scapula  and  the  vertebral  column.  In  one  such  case  seen  by  the 
writer  this  bridge  was  about  three-fourths  of  an  inch  in  length.  This  condition 
is  sometimes  associated  with  an  extra  rib  in  the  cervical  region.  Kirmisson  has 
described  other  congenital  deformities  associated  with  it.  The  more  common 
type  of  congenital  scapular  elevation  is  not  associated  with  osseous  bridges  con- 
necting these  points,  but  the  seapula  seems  to  be  held  in  its  elevated  position  by 


Fig.  520. 


Fig.  5m. 


Fig.  520. — Front  View  of  Case  of  Congenital  Elevation  of  Right  Scapula.  Observe  the  height  of 
right  shoulder  and  the  drawing  down  of  the  head  toward  this  shoulder.     (Original.) 

Fig.  521. — Back  View  of  Fig.  520.  Note  the  lieight  of  the  right  scapula  and  right  shoulder,  also 
the  prominence  of  the  superior  angle  of  the  right  scapula.  The  seventh  cervical  vertebra  was  joined 
to  the  superior  angle  of  the  scapula  by  a  bony  bridge.     (Original.) 

the  shortening  of  muscles  attached  to  the  body  of  the  scapula.  In  Figs.  520  and 
521  is  shown  a  patient  with  a  bony  bridge  joining  the  scapula  to  the  spine.  The 
deformity  in  this  class  of  case  is  usually  greater  than  in  the  other.  Fig.  522  illus- 
trates the  usual  type  of  scapular  elevation.  Functionally  there  may  be  consid- 
erable disability  connected  with  the  deformity,  especially  in  the  cases  where 
there  has  been  an  osseous  connection  between  the  scapula  and  the  spine.  In  the 
writer's  case,  lateral  and  forward  elevation  of  the  arm  was  restricted  fully  one- 
half  that  of  the  normal  arc.  Very  little  motion  is  permitted  independently  of 
the  movement  of  the  scapula.    There  is  no  paralysis  of  the  muscles  about  the 
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shoulder,  but  the  position  of  the  scapula  is  such  that  these  muscles  cannot  act 
upon  that  bone  in  a  normal  manner;  nor  can  they  secure  from  their  attach- 
ment to  it  the  proper  anchorage  to  permit  of  their  acting  at  a  distance  upon 
the  bones  into  which  they  are  inserted,  fpon  examination,  the  inferior  angles 
of  the  scapula  are  obser^-ed  to  be  upon 
different  levels.  The  vertebral  border  of 
the  elevated  scapula  is  farther  removed 
from  the  spinous  processes  than  that  of  the 
normal  side;  it  is  also  much  more  prom- 
inent than  normal,  seeming  to  have  been 
rotated  upon  a  vertical  axis,  so  that  the 
axiUary  border  stands  in  closer  to  the  ribs, 
and  the  vertebral  border  stands  away  from 
the  chest  wall.  The  shoulder  is  generally 
higher  on  this  side  and  the  arm  seems  to 
be  carried  forward.  The  angle  which  the 
neck  makes  ^Nith  the  shoulders  is  changed 
and  the  normal  graceful  cur\'e  is  lost  on 
the  elevated  side.  The  spine  is  pulled 
over  into  a  jxysition  of  scoliosis  in  some 
cases,  with  compensator}'  cur\'es  both 
above  and  below,  and  occasionalh'  there 
is  a  permanent  torticollis  produced  in 
the  same  manner.  The  x-ray  shows  a 
diminution  in  size  of  the  entire  scapula 
as  well  as  a  difference  in  its  position.  The 
treatment  of  this  condition  camiot  gen- 
erally be  commenced  before  the  child  has  reached  the  age  of  four  or  five  years, 
or  is  even  older.  It  is  generally  about  this  time  that  parents  come  to  the  con- 
clusion that  there  is  some  trouble  demanding  attention,  and  that  the  deformity 
of  which  they  may  possibly  have  been  cognizant  for  a  considerable  period  of 
time  is  becoming  gradually  worse,  rather  than  being  outgrown  as  they  had 
persisted  in  hoping.  Even  had  the  deformity  been  recognized  at  a  veiry  early 
period,  it  is  probable  that  but  little  could  have  been  done  by  mechanical  or 
physical  means  to  correct  it.  This  would,  of  course,  be  true  of  the  type  in  which 
there  was  an  associated  bony  bridge.  A  verj'  considerable  improvement  in  the 
appearance  of  the  back  and  of  the  relative  positions  of  the  scapulie  can  be  brought 
about  by  surgical  measures,  as  is  sho\Mi  in  Figs.  523  and  524.  The  line  of  incision 
over  the  back  of  the  scapula  indicates  the  best  way  to  reach  all  the  muscles 
whose  attachment  it  is'  necessan,'  to  divide  in  order  to  puU  the  scapula  do\Mi. 
All  the  muscles  attached  to  the  vertebral  border  and  the  spine  of  the  scapula 
must  be  severed  and. allowed  to  re-attach  themselves  after  the  bone  has  been 

VOL,  IV. — 47 


Fig.  522. — Before  Operation.  Ob.ser\  e 
the  difference  in  height  of  the  scapular 
angles  and  the  greater  distance  of  the  ver- 
tebral border  of  the  left  scapula  from  the 
median  line.     (Original.) 
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drawn  down  as  far  as  possible.  The  employment  of  plaster  fixation  or  pro- 
longed retention  in  splints  is  not  necessary  after  operation;  and  the  patient 
should  be  encouraged  to  practise  exercises,  and  should  have  passive  manipula- 
tions and  massage  as  early  as  the  third  or  fourth  week  after  operation.  In  those 
cases  where  there  is  a  rudimentary  rib  connecting  the  cervical  spine  with  the 
superior  scapular  angle  it  is,  of  course,  necessary  to  resect  this  bridge  and  at  the 
same  time  to  detach  the  muscles  as  in  the  other  type  of  deformity.  A  restitution 
to  the  normal  is  not  possible,  but  a  very  considerable  cosmetic  benefit  may  be 


i 


Fig.  523. 


Fig.  524. 


Fig.  523. — Illustrates  the  Line  of  Incision  and  the  Result  of  Operation  to  Pull  the  Left  Scapula 
Down  into  a  More  Nearly  Normal  Relation  to  the  Right  Scapula.  This  is  an  illustration  of  the  ca.sc 
shown  in  Fig.  522,  after  operation.      (Original.) 

Fig.  524. — After  Operation.  Photograph  taken  before  the  operation  has  been  lost,  but  the 
deformity  was  much  the  same  as  shown  in  Fig.  522.  This  was  an  older  boy  and  the  result  was  not 
quite  a.s  good  as  in  the  case  shown  in  Fig.  522.     (Original.) 

secured,  and  a  moderate  improvement  in  functioning  capacity  may  be  looked 
for  in  those  cases  in  which  the  muscles  have  been  unable  to  work  to  advantage. 
Congenital  Dislocation  of  the  Shoulder,  and  Obstetrical  Paraly- 
sis.— It  is  generally  admitted  that  congenital  dislocations  of  the  shoulder  are  of 
extreme  rarity.  Many  which  have  been  described  as  such  were  unquestionably 
the  result  of  traumatisms  at  birth,  with  or  without  paralytic  complications. 
Scudder  *  reported  two  cases  occurring  in  the  same  family.  These  were  sul)- 
spinous  dislocations.  Kirmisson,  although  admitting  the  possibility  of  such 
*  Scudder:  Archives  of  Pediatrics,  1890,  vii.,  p.  260. 
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dislocations,  believes  them  to  be  very  unusual  and  has  seen  only  one,  and  that 
a  subacromial  type.  He  recognizes  as  possibilities  the  subcoracoid,  a  back- 
ward subspinous,  and  a  fonvard  or  subacromial,  A  few  of  these  have  been 
described,  chiefly  by  anatomists. 

Associated  with  the  more  severe  gi'ades  of  obstetrical  paralysis  there  are 
very  frequent  instances  of  luxation  of  the  head  of  the  humerus,  more  or  less 
complete,  amounting  sometimes  to  a  true  dislocation  of  the  head  of  the  bone 
from  the  glenoid  cavity.  It  has  been  repeatedly  observed  in  paralytic  condi- 
tions in  the  lower  extremity  that  dislocation  can  result  from  paralysis  of  the 
muscles  whose  normal  function  is  to  keep  the  capsule  of  a  joint  firm,  and  there- 
by hold  the  head  of  the  bone  so  firmly  in  its  socket  that  the  performance  of  the 
customary  functions  of  that  articulation  will  not  force  it  out  of  place.  Ante- 
rior poliomyelitis  has  frequently 
caused  so  great  a  weakening  of  the 
muscles  about  the  hip  joint,  that 
dislocation  has  taken  place  there. 
It  seems  ver\'  reasonable,  therefore, 
that  a  mild  luxation  of  the  humeral 
head  brought  about  by  paralysis  of 
certain  groujjs  of  muscles  about  the 
capsule  of  the  shoulder  should  event- 
uate in  a  true  dislocation.  This 
outcome  is  undoubtedly  favored  by  a 
lack  of  normal  development  of  the 
glenoid  cavity  and  of  the  humeral 
head,  as  the  child  gi'ows  up  suffering 
from  a  lack  of  functioning  capacity 
in  the  shoulder  joint.  Pressure  ui> 
on,  or  stretching  of,  the  large  roots 
of  the  brachial  plexus  during  deliver^' 
is  responsible  for  the  paralysis  which 
results  in  a  luxation  of  the  shoulder 
joint.  This  is  usually  noticed  very 
early  in  infancy;  because  the  paral- 
ysis extends  to  the  muscles  of  the 
[arm  and  forearm;  and  loss  in  power 
)f  these  muscles  makes  itself  evident 
sven  in  an  infant,  in  awkward  posi- 
ions  of  the  arm  as  well  as  in  disinclination  to  use  it  even  in  the  aimless  manner  so 
!  common  to  babies.  The  arm  is  held  more  or  less  Hmp  at  the  side,  with  the 
thumb  strongly  rotated  to  the  back,  but  lying  close  to  the  thigh.  The  contour  of 
the  shoulder  becomes  changed,  owing  to  atrophy  of  the  muscles  that  make  up  the 


Fig.  525. — Observe  the  position  in  which  the  right 
arm  is  held,  the  low  right  shoulder,  the  atrophy  of  the 
scapular  and  shoulder  muscles,  shghtly  higher  level 
upon  which  the  nferior  scapular  angle  lies,  as  well  as 
the  de\-iation  of  the  spinal  processes  toward  the 
left.     (Original.) 
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roundness  of  the  shoulder;  this  is  due  partly  to  actual  paralysis  and  partly  to 
disuse.  The  elbow  is  usually  flexed  and  stands  away  from  the  side  at  a  much 
wider  angle  than  does  the  elbow  of  the  unaffected  arm,  as  is  shown  in  Fig.  525. 
Functionally  the  arm  is  considerably  impaired,  and  the  ability  to  raise  it  from 
the  side  or  to  flex  it  forward  is  often  very  considerably  restricted.  This  in- 
ability is  due  more  to  a  loss  of  power  in  the  muscles  that  permit  of  such  move- 
ments, than  it  is  to  the  luxation  of  the  humeral  head,  but  the  latter  is  an  ele- 
ment in  the  incapacity.  The  deformity  which  is  secondary  to  this  condition 
is  scoliosis,  which  vv^as  well  shown  in  the  illustration  on  page  737.    Atrophy  of 


Fig.  526.— This  is  an  a;-ray  of  the  Case  Shown  in  Fig.  525.  Note  the  structural  atrophy  of  the 
right  humerus,  the  change  in  the  position  of  the  scapula,  the  distortion  of  tlie  clavicle,  and  the  relation 
of  the  head  of  the  humerus  to  the  glenoid  cavity  on  the  two  sides.      (Original.) 

the  soft  parts,  which  is  a  conspicuous  feature  of  this  luxation,  is  accompanied 
by  structural  atrophy  of  the  humerus,  as  is  seen  in  the  x-ray,  Fig.  526. 

The  treatment  of  luxations  of  the  "shoulder,  whether  caused  by  lack  of  devel- 
opment during  uterine  life,  or  due  to  a  paralysis  of  the  intrinsic  muscles  of  the 
shoulder,  is  necessarily  unsatisfactory.  The  operative  replacements  of  the 
congenitally  defective  heads  into  congenitally  shallow  glenoids  have  been 
almost  uniformly  unsuccessful.  They  do  not  remain  when  put  back,  because 
there  is  not  enough  to  hold  them  when  they  are  reduced.  If  ankylosis  is  pro- 
duced they  are  little,  if  any,  better  off". 

It  would  seem  that  an  arthroplasty  might  yield  good  results  in  the  shoulder; 
but,  at  best,  a  very  unstable  joint  must  be  looked  for. 

In  the  type  of  luxation  caused  by  obstetrical  palsy  much  can  be  done  in  many 
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cases  by  the  early  institution  of  massage,  and  passive  and  active  manipulation. 
In  this  way  the  streng;th  of  the  arm  is  conserved,  and  the  contractures  which 
inevitably  follow  disuse  may  at  least  be  partly  overcome  or  prevented.  Such 
measures  cannot  reduce  a  dislocation,  however  incomplete;  but  they  may  so 
improve  the  tone  of  the  muscles  inserted  into  the  capsule  of  the  joint  that  it 
will  hold  the  head  of  the  humerus  firmly  \\ithin  the  glenoid,  thus  giving  a  more 
stable  leverage  for  the  other  muscles  to  work  against,  and  also  prevent  the 
head  of  the  humerus  from  slipping  out  and  stretching  the  capsule  more  and 
more.  In  this  connection  it  is  only  necessary  to  mention  the  operation  of  nerve 
anastomosis  which  has  been  more  or  less  successful  in  improving  the  function 
of  arms  that  have  suffered  from  paralysis  of  the  brachial  plexus.  The  results 
of  treatment  of  this  condition,  whether  developmental  or  paralytic  in  origin, 
have  been  extremely  unsatisfactor3^  Kronlein  reports  from  Langenbeck's. 
clinic  five  cases  of  congenital  dislocation  of  the  shoulder  out  of  a  total  of  ninety- 
eight  congenital  dislocations.  In  regard  to  treatment  Porter,  quoted  by  Young 
in  his  "Atlas  of  Orthopaedic  Surgery,"  reports  thirty-nine  cases  in  which  the 
results  were  verj-^  nearly  uniformly  poor. 

Congenital  Dislocation  of  the  Elbow. — Dislocations  of  the  elbow  are 
not  as  common  as  some  of  the  other  congenital  misplacements.  Blodgett  *  has 
recently  reviewed  the  literature  and  reported  two  new  cases.  Kirmisson  thought 
it  worth  while  to  make  a  distinction  between  the  dislocation  of  the  radius  alone 
[and  the  simultaneous  dislocation  of  both  bones  of  the  forearm  at  the  elbow  joint. 
Lccording  to  Hoffa,  up  to  1898  there  had  been  only  two  cases  of  radial  disloca- 
tion alone.  One  of  these  had  been  recorded  by  Chaussier  and  the  other  by  Hoff- 
lami.  Subsequently  to  Hoffa's  citation  of  these  two  cases,  Bonnenberg  f 
reported  a  much  larger  series  of  the  isolated  dislocations  of  the  radius.  This 
leformity  seems  peculiarly  likely  to  be  associated  with  other  congenital  defects 
ich  as  club  foot,  club  hand,  and  others. 

One  of  the  most  striking  examples,  in  the  literature  of  the  hereditary  ten- 
dencies in  some  of  these  deformities,  is  the  family  cited  by  Abbott,|  in  which 
during  four  successive  generations  there  were  seven  cases  of  congenital  dislo- 
cation of  the  head  of  the  radius.  The  deformity  is  obvious,  the  majority  of  the 
dislocations  being  backward.  A  few  are  forward  displacements,  and  fewer  still 
are  lateral.  It  is  said  that  they  are  characterized  by  hj-permobility  as  dis- 
tinguished from  the  fixedness  of  traumatic  displacements.  Functionally  there 
is  considerable  disability.  A  false  joint  is  often  established  above  the  humeral 
condyles,  and  in  quite  a  few  cases  the  radius  and  ulna  have  been  fused  at  their 
upper  ends. 

In  the  treatment  of  this  condition  it  is  evident  that  little  can  be  done  short 

*  Blodgett:   Journal  of  the  American  Orthopedic  Association,  January,  1906. 

t  Bonnenberg:  Zeitschrift  f.  orth.  Chir.,  1893,  4te  Heft,  Band  ii.,  p.  376;   ibid.,  iii.,  Bd.  xx. 

t  Abbott:   Transactions  Path.  Society,  London,  April  5th,  1892. 


742  AMERICAN  PRACTICE  OF  SURGERY. 

of  some  operative  measure.  Partial  or  complete  resection  of  the  head  of  the 
radius  with  enough  of  the  ulna,  where  this  bone  is  concerned  in  the  dislocation, 
to  permit  of  reduction  of  the  deformity,  represents  the  customary  practice  of 
those  who  have  attempted  to  deal  with  these  deformities  surgically.  An  im- 
provement in  the  appearance  of  the  joint  may  be  expected  to  follow  such  pro- 
cedures, but  no  very  decided  betterment  of  function  should  be  anticipated. 

Congenital  Dislocation  of  the  Carpus. — Nearly  a  hundred  cases  of  this 
deformity  have  found  their  way  into  the  medical  literature.  Congenital  dislo- 
cations of  the  wrist  are  hardly  separable  from  congenital  club  hand.  In  fact, 
it  would  probably  simplify  the  nomenclature  of  deformities  of  the  carpus,  of 
congenital  origin,  if  the  various  types  of  displacement  of  the  carpus  upon  the 
radius  and  ulna  were  regarded  as  variants  of  a  congenital  club  hand;  just  as 
it  would  simplify  the  nomenclature  of  deformities  of  the  tarsus  if  congenital 
club  foot  could  be  made  to  include  valgus  as  well  as  varus  deformities.  In  a  recent 
study  of  the  subject,  E.  Estor  *  has  recorded  the  cases  of  this  deformity  which 
have  gotten  into  medical  literature,  and  he  presents  a  careful  analysis  of  the  types 
of  deformity  described  under  this  head.  Madelung  first  called  attention  to  the 
condition  in  1878. 

Estor  maintains  that  the  deformity,  which  is  shown  very  well  in  Figs.  527 
and  528,  is  congenital.  These  illustrations  were  taken  from  a  case  which  served 
as  the  basis  for  Estor's  study  of  this  subject  and  is  briefly  outlined  in  the  footnote.f 

He  believes  that  trauma,  either  direct  or  occupational,  causes  an  under- 
lying congenital  defect  to  be  magnified.     Kirmisson,  in  1902,  took  the  same  view 


Fig.  527.— Photograph  of  the  Left  Wrist,  showing  (in  profile)  the  Inferior  Extremity  of  the  Dorsal 
Aspect  of  the  Congenitally  Dislocated  Cubitus.  The  same  condition  existed  in  the  right  wrist,  though 
in  a  less  marked  degree.      (After  Estor,  in  the  Revue  de  Chirurgie,  Paris,  August  10th,  1907.) 

of  the  matter,  and  designated  the  deformity  a  progressive  luxation  of  the  wrist. 
In  the  series  of  cases  cited  by  different  authors  there  were  nine  in  which 
the  influence  of  heredity  was  notable.  The  anatomical  defects  which  may  be 
present  and  cause  the  deformity  may  concern  either  the  length  or  the  shape 
of  the  ulna;  in  either  case  the  relation  of  the  radius  and  carpus  may  be  modified. 

*  Estor:   Revue  de  Chirurgie,  xxxvi.,  August  10th,  1907. 

f'This  case  is  that  of  a  woman  thirty-one  years  of  age.  It  was  ascertained  that  her 
father's  wrists  were  similarly  deformed;  the  prominence,  as  in  the  case  of  the  daughter,  bcmg 
more  conspicuous  on  the  left  than  on  the  right  side.  The  patient  affirms  that,  so  far  back  as  she 
can  remember,  her  wrists  had  always  presented  the  deformity  shown  in  the  picture,  and  her 
parents  state  that  it  was  observed  by  them  immediately  after  her  birth." 
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The  radius  may  also  undergo  changes  in  shape  and  alterations  in  length,  which  in 
turn  modify  its  relation  \s-ith  the  carpus.  There  may  also  be  modifications  in  the 
shape  of  the  carpal  bones. 

Madelung's  deformity  or  luxation  seems  to  be  much  more  commonly  noted  in 
the  adolescent  than  it  is  in  the  early  years  of  life,  and  it  is  four  times  as  com- 
mon among  girls  as  it  is  in  boys. 

^^  hen  it  was  confined  to  one  \vTist,  as  it  was  in  the  eighty-five  cases  reported 
by  Estor,  in  one-fifth  of  the  total  it  was  a  little  more  frequent  on  the  left.     The 


-.■i^**^ 
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Fig.  528. — x-ray  Photograph  of  the  Left  Wrist  (the  same  ease  as  that  shown  in  Fig.  527).  The 
points  to  be  noted  are:  The  os  magnum  is  more  voluminous  than  is  normal,  and  it  appears  to  have 
pu.^hed  upward  the  os  semilunare,  which  in  turn  has  pushed  up  the  radius;  the  articular  surface  of  the 
inferior  extremity  of  the  radius  is  no  longer  at  right  angles  to  the  axis  of  this  bone — a  condition 
which  predisposes  to  forward  dislocation  of  the  carpus;  and  the  cubitus  has  lost  its  proper  relations  to 
both  the  carpus  and  the  radius.     (After  Estor,  in  the  Rente  de  Chirurgie,  Paris,  August  10th,  1907.) 


evidence  seems  to  point  to  the  deformity  being  due  to  a  congenital  laxity  of  the 
inferior  radio-ulnar  articulation,  which  exists  from  early  infancy  and  declares 
itself  in  adolescent  life  because  of  some  traumatism  to  the  wTist,  or  because  of 
occupational  strains  to  which  it  may  be  subjected,  from  time  to  time,  in  the 
course  of  routine  use. 

The  appearance  of  the  radio-carpal  articulation  undergoes  modifica- 
tion. The  antero-posterior  diameter  is  markedly  increased.  In  some  cases 
the  long  axis  of  the  hand  is  de\aated  to  the  ulnar,  sometimes  to  the  radial, 
side.  Viewed  from  the  side  there  is  usually  more  or  less  backward  luxation 
of  the  ulna.     The  contours  of  the  radial  and  ulnar  sides  of  the  wTist  are  quite 
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perceptibly  altered  in  this  deformity :  and  palpation  over  the  ulnar  styloid,  the 
radio-carpal  articulation,  and  over  the  pisiform  bone  is  often  quite  painful. 
The  functional  symptoms  vary  from  a  condition  in  which  the  patient  is  very 
little  handicapped  to  one  in  which  no  use  of  the  wrist  is  permitted.  Flexion 
is  very  often  restricted  in  the  motions  of  the  wrist,  though  occasionally  cases 
have  been  noted  where  there  was  abnormal  palmar  flexion.  Dorsal  flexion  is 
often  considerably  restricted.  The  other  motions  of  the  wrist  are  usually  some- 
what impaired,  but  the  chief  disability  concerns  flexion  and  extension. 

In  regard  to  the  treatment  of  this  condition,  there  is  but  little  need  of  doing 
anything  in  those  cases  in  which  functional  disability  is  not  marked.    As  this 


Fig.  529. — Left  Wrist.    Note  the  inclination  of  the  articular  face  of  the  ulna  and  the  separation 
of  radius  and  ulna.     Compare  Fig.  530.     (Original.) 

feature  becomes  more  pronoimced  there  is  greater  and  greater  need  of  institut- 
ing treatment.  Various  forms  of  retentive  apparatus  have  been  devised,  fur- 
nishing more  or  less  complete  fixation  to  the  lower  end  of  the  radius  and  ulna. 
Massage,  electricity,  and  other  forms  of  physical  therapy  are  useful  adjuncts 
in  treatment.  In  the  severe  cases,  however,  local  treatment  such  as  has  just 
been  outlined  will  fail  to  yield  satisfactory  results,  and  operative  measures  will 
be  found  necessary.  Tenotomy,  arthrotomy,  and  reduction  through  the  opera- 
tive wound,  linear  or  oblique  osteotomy  of  the  radius,  and  wedge-shaped  oste- 
otomy of  the  radius  represent  the  measures  which  have  been  tried.     The  one 
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which  has  given  the  best  success,  and  which  Estor  advocates  in  his  monograph, 
is  an  osteotomy  of  the  ulna  in  preference  to,  or  in  addition  to  (in  some  cases), 
the  more  frequently  performed  osteotomy  of  the  radius.  In  the  foregoing 
description  the  WTiter  has  made  free  use  of  the  account  of  this  condition  as  given 
by  Estor,  and  here  puts  on  record  a  case  which  occurred  in  the  practice  of  an 
associate  and  has  not  been  previously  published. 

The  case  is  that  of  a  young  woman  of  nineteen  or  twenty  j' ears  of  age,  who 
was  very  athletic  in  her  tastes  and  participated  in  many  outdoor  sports.  She 
noticed  a  gradually  increasing  disability  of  the  left  wTist,  which  in  the  couree 
of  several  months  virtually  prevented  her  from  undertaking  anything  requir- 


FiG.  530. — Right  Wrist.     Observe  the  relation  of  the  carpus  to  radius   and  ulna  and  compare 

with  Fig.  529.      (Original.) 

ing  the  expenditiu-e  of  force  through  her  left  arm  and  hand.  There  were  not 
only  weakness  and  inability  to  exercise  the  functions  of  the  wrist  muscles,  but 
pain  was  caused  by  any  attempt  at  use.  There  was  some  slight  distortion  of 
the  wTist  with  limitation  of  motion;  and  examination  with  the  x-raj^  revealed 
the  condition  shown  in  Fig.  529.  Fig.  530,  which  is  the  right  wTist  of  the  same 
pei-son,  is  inserted  for  comparison.  After  a  fair  trial  with  conservative  treat- 
ment it  was  proposed  to  correct  the  deformity  by  operative  measures;  and  an 
osteotomy  of  the  radius  and  ulna  was  performed,  the  ulnar  fracture  being  united 
with  a  silver  wire.     The  functional  result  has  been  nearly  perfect,  and  now 
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after  over  five  years  there  is  no  practical  impairment  of  the  usefulness  of  the  arm, 
(Vide  Figs.  531,  532,  and  533.) 

There  are,  occasionally,  total  absences  of  the  radius  which  cause  luxations  of 
the  carpus  upon  the  remaining  bone,  the  ulna.  Such  displacements  constitute 
the  true  congenital  club  hand.  The  character  of  the  deformity  is  at  once  appar- 
ent and  the  x-ray  may  be  called  upon  only  to  determine  the  exact  anatomical 
defect. 

Treatment  consists,  in  the  early  stages,  in  manipulations  and  massage.  Occa- 
sionally operative  correction  is  indicated,  and  such  procedures  usually  concern 


Fig.  531. — Same  Case  as  that  Shown  in  Fig.  529,  Six  Weeks  After  Osteotomy.     (Original.) 

themselves  with  the  carpus.  Tenotomies,  resections  of  a  part  of  the  ulna  and 
sometimes  of  portions  of  the  carpus  may  be  necessary  before  reduction  of  the 
deformity  is  possible. 

Congenital  Dislocation  of  the  Hip. — There  have  been  very  few  sub- 
jects, among  the  gi'oup  of  diseases  which  the  orthopaedist  and  the  surgeon  have 
been  called  upon  to  treat,  which  have  aroused  more  discussion  than  congenital 
dislocation  of  the  hip.  One  can  scarcely  take  up  an  orthopa)dic  publication 
without  finding  one  or  more  articles  on  this  subject,  and  this  is  particularly 
true  of  the  foreign  journals.  There  does  not  seem  to  be  any  abatement  in  the 
interest  which  the  subject  attracts  as  time  goes  on.   The  reason  for  this  is,  doubt- 
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less,  to  be  found  in  the  fact  that  the  problem  is  still  unsolved,  and  therefore  the 
interest  of  the  surgeon  is  constantly  spurred  on  to  fresh  endeavor.  The  visit  of 
Professor  Lorenz  to  this  countrj^  a  few  years  ago,  served  to  arouse  an  interest 
in  the  problem  of  congenital  dislocation  upon  this  side  of  the  water;  and  many 
more  cases  of  this  condition  are  being  recognized  and  treated  at  the  present 
time  than  ever  before.  As  has  been  said  earlier  in  this  article,  the  subject  has 
been  treated  by  surgeons  as  though  there  were  no  greater  obstacles  in  the  way 
of  reducing  a  dislocation  of  this  sort  than  there  are  in  the  way  of  the  reduc- 
tion of  a  traumatic  dislocation.     Until  the  J-ray  became  developed  to  such  a 


Fig.  532. — Same  Case  as  that  Shown  in  Figs.  529  and  531,  Four  Months  After  Osteotomy.     (Original.) 

point  that  it  was  of  service  in  revealing  the  shape  of  the  head  of  the  femur  and 
the  depth  of  the  acetabular  cavity,  the  anatomical  defects  at  or  about  the  hip 
joint  were  not  appreciated,  ^^aluable  as  this  has  been  in  thro^\'ing  needed  light 
upon  the  subject,  its  employment  is  attended  with  certain  limitations,  which 
make  it  undesirable  to  rely  upon  the  x-ray  as  an  infallible  test  of  the  condi- 
tions present  within  the  socket  of  the  hip  joint.  There  are  so  many  possibiUties 
of  distortion  of  the  actual  conditions,  and  at  the  same  time  there  are  so  many 
departures  from  the  normal  relations  of  the  head,  neck,  and  acetabulum,  that 
the  possible  errors  of  interpretation,  when  the  x-ray  is  employed  as  a  guide  to 
the  condition,  are  almost  infinite. 
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Historically,  congenital  dislocation  of  the  head  of  the  femur  has  been 
recognized  since  the  dawn  of  medical  writing.  Hippocrates,  Galen,  and  Avi- 
cenna  were  among  the  earhest  observers  of  the  phenomena  of  disease  and  are 
likewise  the  first  to,  have  spoken  of  these  conditions  at  the  hip  joint. 
After  Fare's  time  there  was  a  long  hiatus  before  other  observers  began  to  de- 
scribe this  deformity;  and  from  the  middle  of  the  eighteenth  century  we  find 
cases  more  frequently  reported,  and  more  men  interesting  themselves  in  the  dis- 
location. After  the  beginning  of  the  nineteenth  century  such  names  as  Palletta, 
Dupuytren,    Delpeche,  Pravaz,  Malgaigne,  Guerin,  Parise,    Dollinger,    Buck- 


FiG.  533. — Same  Case  as  Figs.  529  and  530,  Five  Years  After  Operation.  Observe  the  improve- 
ment in  the  relation  of  the  carpus  to  the  radius  and  ulna;  but  note  the  abnormal  shape  of  the  left 
ulna,  and  the  wider  separation  between  the  radius  and  ulna  on  the  left.     (Original.) 


minster  Brown,  Bradford,  Hoffa,  Lorenz,  von  Mikulicz,  and  many  others  are 
constantly  recurring  in  the  literature  as  contributing  something  to  the  under- 
standing of  this  most  troublesome  anatomical  perversion.  The  recent  ortho- 
paedic literature, — that  is,  that  of  the  last  ten  years, — is  teeming  with  references, 
citations  of  cases,  contributions  to  the  study  of  the  anatomy  of  the  parts,  or 
suggestions  as  to  treatment. 

Congenital  dislocation  of  the  hip  is  a  condition  of  great  frequency  among 
congenital  deformities.  It  stands  next  to  congenital  club  foot  in  frequency  of 
occurrence.  For  some  reason,  congenital  defects  of  this  sort  afTect  girls  more 
frequently  than  boys.  In  one  series  of  two  hundred  and  fifty-three  cases 
recorded  by  Lorenz,  two  hundred  and  twenty-three  were  in  girls,  and  this  has 
been  about  the  proportion  ordinarily  noted  in  collected  scries  of  cases.  There 
seems  to  be  nothing  particularly  significant  about  the  right  and  left  sidcdness 
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of  the  deformity,  or  the  relative  frequency  with  which  the  bilateral  cases  occur 
with  reference  to  the  unilateral.  In  some  series  the  left  side  seems  to  be  more 
frequently  at  fault,  in  others  the  right.  Unilateral  cases  are  more  common 
than  bilateral. 

Pathology. — The  fundamental  disturbance  causing  this  deformity  seems 
wTapped  in  mystery.  None  of  the  theories  thus  far  advanced  can  be  proven. 
It  is  difficult  to  secure  the  facts  which  it  is  desirable  to  have,  to  arrive  even  at  a 
reasonable  theoretical  hypothesis.  Among  the  theories  which  have  had  the 
widest  acceptance  and  the  most  distinguished  advocacy  are,  in  the  first  place, 
those  which  are  based  upon  some  pathological  alteration  in  the  joint,  and  sec- 
ondly, those  which  concern  themselves  with  developmental  processes. 

Under  the  first  theor}-,  traumatism  during  uterine  life  and  at  birth  must 
be  considered,  and  also  joint  disease  in  prenatal  hfe,  and  primarj'  defects  in  the 
nervous  system  causing  paralysis  of  muscles  concerned  in  holding  the  head  of 
the  femur  against  the  acetabulum.  Malposition  in  utero,  consisting  of  strong 
flexion  of  the  thighs  upon  the  abdomen  combined  with  adduction,  has  been 
described  as  a  cause  in  some  cases  obser\^ed.  Alterations  in  the  conformation  of 
the  amniotic  sac,  or  in  the  amount  of  fluid  which  it  contains,  may  have  had  some 
influence  upon  the  maintenance  of  this  faulty  position.  Certain  it  is,  that  such 
a  position  would  tend  to  the  jjroduction  of  a  luxation  of  the  femoral  head  which 
might  easily  enough  become  a  true  dislocation  when  function  of  the  limbs 
was  attempted.  There  seems  very  little  to  support  the  view  that  traumatism 
at  birth  has  had  anything  to  do  with  the  causation  of  any  considerable  num- 
ber of  cases.  The  same  may  be  said  with  reference  to  precedent  intra-uterine 
joint  disease.  There  is  no  e\4dence  to  substantiate  this  view.  Any  disease 
which  would  cause  such  dislocations,  should  leave,  at  least,  a  certain  number 
of  joints  stiff;  and  furthermore,  it  would  run  counter  to  most  of  our  experi- 
ence to  find  any  joint  disease  which  would  select  two  hip  joints  simultaneously 
as  frequently  as  double  congenital  dislocation  occurs  among  dislocations  of  the 
hip.  Of  the  paralyses  which  could  possibly  produce  a  luxation  of  the  femoral 
head,  anterior  poliomyelitis  is  the  most  likely;  but  the  neurologists  say  there 
is  no  evidence  tending  to  show  that  this  affection  ever  occurs  before  birth. 

The  theory  of  arrested  development  is  the  one  which  has  perhaps  the  most 
and  the  ablest  defenders;  and  certainly  it  is  the  one  which  a  study  of  the  abnor- 
mal anatomy  of  the  parts  concerned  in  the  construction  of  the  joint  would  indi- 
cate as  correct.  How  much  the  arrest  of  development  has  to  do  with  embryonic 
defects,  and  how  far  it  is  influenced  by  abnormities  of  intra-uterine  pressure  or 
130sition,  it  is  impossible  to  say.  The  influence  of  functioning  upon  development 
during  the  early  weeks  and  months  of  infancy  is  an  indeterminable  question. 
The  part  played  by  weight-bearing  and  functioning  during  walking,  after  the 
child  is  old  enough  to  propel  himself  about,  can  perhaps.be  surmised  a  Uttle 
more  readily,  but  is  capable  of  no  scientific  demonstration. 
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Pathological  Anatomy. — A  considerable  number  of  cases  of  congenital  dis- 
location of  the  hip  has  been  studied  at  autopsy;   and  the  modern  perfection  of 


Fig.  534. — Observe  the  Coxa  Valga  of  the  Left  Hip  and  Contrast  with  the  more  Normal  Relation 
of  the  Neck  and  Head  in  the  Right.  Note  the  rudimentary  acetabulum  on  both  sides  and  the  false 
acetabulum  on  the  side  of  the  ilium.  In  this  case  the  patient  was  a  child  of  thirteen  years.  (Children's 
Hospital,  Boston.) 

the  a:-ray  makes  possible  a  better  understanding  of  the  anatomical  conditions 
at  the  hip  joint  than  it  was  possible  to  obtain  before  its  employment  was  as 


Fig.  5.35. — Same  Case  as  Fig.  534,  After  Machine  Reduction.     (Children's  Hospital,  Boston.) 
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constant  as  it  now  is.  Tillmanns*  shares  the  belief  of  Dupuytren  and  Roser 
that  there  is  a  lack  of  development  of  the  acetabulum  and  the  cotyloid  ligament, 
which,  combined  with  an  adducted  position  of  the  thighs  during  uterine  life, 
accounts  for  the  deformity.  He  also  believes  that  the  shape  of  the  female 
pelvis  is  a  factor  in  the  causation  of  a  dislocated  hip.  Cunningham  has  shown 
that  the  anatomical  peculiarities  of  the  female  pelvis  are  notable  in  the  human 
embrj'O  as  early  as  the  third  or  fourth  month  of  foetal  life.  Grawitz  also  cham- 
pions the  defective-acetabulum  theory.  DoUinger  believes  there  is  evidence  in 
some  cases  of  a  premature  ossification  of  the  Y-ligament.  Certain  it  is,  that 
there  is  a  rudimentary  acetabulum  in  verj'  many  of  the  cases;  and  this  is  per- 
haps more  constant  than  a  rudimentary  head  to  the  femur.  Imperfectly  devel- 
oped femoral  heads  are  quite  constantly  seen ;  and  this  imperfection  in  develop- 


FiG.  536. — Acute  Dislocation  from  Infectious  Arthritis,  Nonual  Acetabula.     (Children's  Hospi- 
tal, Boston.) 

ment  is  not  confined  to  the  head  of  the  bone  alone,  but  extends  to  the  neck  as 
well.  Besides  the  defects  in  the  development  of  these  two  structures,  there  are 
many  twists  in  the  femoral  neck  which  are  not  the  result  of  any  failure  in  normal 
development,  but  are  caused  by  muscular  pull  and  abnormal  pressure  or  tension. 
Some  form  of  coxa  vara  is  thus  very  constanth'  produced  in  congenital 
dislocation  of  the  hip.  Because  of  the  defective  development  of  the  femoral 
neck  the  usual  relation  of  the  femoral  head  and  the  acetabulum  is  that  of  a 
coxa  valga.  (Figs.  534  and  535.)  The  defects  in  the  development  of  the  acetabu- 
lum consist  chiefly  of  a  filling  up  of  the  socket  with  a  fibro-cartilaginous  material; 

♦Tillmanns:    "Textbook  of  Surgery,"  vol.  i.,  p.  772. 
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but  more  particularly  the  ledge  at  the  border  of  the  acetabulum  is  so  shelving 
that  it  forms  no  obstacle  to  the  slipping  of  the  femoral  head  from  the  socket. 
Fig.  536  shows  an  i-ray  of  a  child  whose  left  hip  was  dislocated  in  consequence 
of  an  acute  infectious  process  in  that  joint.  The  normal  character  of  the  ace- 
tabulum is  well  shown  in  this  case  on  the  dislocated  and  the  undislocated  side. 
Here  there  is  a  good  ridge  at  the  top  of  the  acetabular  cavity.  Contrast  the 
appearance  inHhis  case  with  that  shown  in  Figs.  534  and  535.  Changes  in  the 
shape  of  the  head  are  not  quite  as  striking  as  is  the  case  in  the  acetabulum;  but 


Fig.  537. — Congenital  Dislocation  of  the  Hip.     (Children's  Hospital,  Boston.) 

the  absence  of  anything  like  a  normally  developed  neck,  or  a  neck  which  though 
normally  developed  is  so  distorted  that  it  does  not  connect  the  head  in  a  normal 
manner  to  the  shaft  of  the  femur,  is  capable  of  rendering  unstable  the  relations 
of  the  head  with  the  acetabulum.  It  is  not  difficult  to  understand  how  a  short 
neck  like  that  shown  in  Fig.  537,  when  combined  with  a  coxa-valga  relation  of 
the  neck  with  the  shaft,  should  predispose  to  a  dislocation.  The  development 
of  the  upper  epiphysis  of  the  femur  undergoes  considerable  modification,  as  is 
shown  in  Fig.  538,  where  there  is  opportunity  to  contrast  the  shape  and  size  of  a 
normal  with  an  abnormal  upper  femoral  epiphysis.  Fig.  539  affords  a  very 
good  illustration  of  the  reason  for  a  dislocation  when  the  development  of  the 
head  and  neck  of  the  femur  of  the  dislocated  side  is  not  materially  different 
from  that  of  the  sound  side,  and  the  angle  of  deflection  of  the  head  is  not  essen- 
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tially  unlike  that  of  the  non-clislocated  side,  whereas  the  acetabulum  is  filled 
up  with  an  irregular,  jagged  mass  of  fibrous  tissue,  and  there  is  almost  an  entire 
absence  of  any  ledge  against  which  the  head  of  the  femur  can  rest.  As  a  result 
of  these  osseous  derangements  at  the  hip  joint  there  are  secondary  changes  in 
the  fibrous  capsule  of  the  articulation.  As  the  head  of  the  femur  slips  up  out 
of  the  socket,  the  capsule  becomes  stretched,  and  the  more  remotely  the  head  of 
the  bone  becomes  removed  from  the  acetabular  cavity,  the  more  narrowed  the 
connecting  funnel-shaped   capsule   becomes.     In    extreme  cases    the  capsule 


Fig.  538. — Contrast  Shape  and  Size  of  Tipper  Femoral  Epiphysis  in  the  Two  Sides;    also  the 
Length  and  Angles  of  the  Neck.     (Children's  Hospital,  Boston.) 


becomes  elongated  into  an  hour-glass-shaped  structure  with  only  a  narrow 
orifice  between  the  two  expanded  ends,  and  through  this  narrow  constriction 
the  head  of  the  bone  must  be  made  to  pass  if  it  is  to  reach  the  socket  from  which 
it  has  been  removed.  The  elevated  position  of  the.  femoral  head  has  a  still 
further  effect  upon  the  muscles  having  their  insertion  into  the  trochanter  and 
capsule  of  the  joint.  The  normal  balance  between  these  muscles  is  destroyed, 
and  some  of  them  are  stretched  out  beyond  their  normal  lengths,  whereas  others 
are  shortened  and  contracted.  In  addition  to  the  effects  which  have  just  been 
mentioned  in  connection  with  the  muscles,  there  is  doubtless  an  element  of 
muscular  impairment  which  results  from  inability  to  function  properly.  Young 
calls  attention  to  the  integrity  of  the  fibrous  capsule  of  the  hip  joint  as  evidence 

VOL.  rv'.— 48 
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that  this  condition  is  not  a  true  dislocation,  an  essential  feature  of  which 
is  a  rupture  of  the  capsule;  hence  it  should  rather  be  considered  the  result  of  a 
failure  to  develop  in  a  norraal  manner.  In  many  cases  at  operation  the  exist- 
ence of  a  false  acetabulum  upon  the  side  of  the  ilium  is  demonstrable,  and  it  is 
also  often  in  evidence  in  the  skiagram,  as  may  be  seen  in  Fig.  539.  The 
fact  that  a  false  acetabulum  may  be  formed  by  pressure  of  the  femoral 
head  against  the  side  of  the  iliac  bone,  is  cited  as  proof  of  the  ability  of 
the  head  of  the  femur  to  bore  out  a  cavity  for  itself  in  the  original  imper- 


FiG.  539. — Equilateral  Dislocation.     (Children's  Hospital,  Boston.) 


fectly  developed  acetabulum.  Those  who  assume  that  such  an  outcome  is 
likely  to  happen  when  the  head  is  replaced,  seem  to  ignore  the  fact  that 
defects  in  the  relation  of  the  neck  to  the  shaft,  as  well  as  misshapen  heads, 
make  the  exercise  of  the  compression  necessary  to  the  deepening  of  an 
acetabulum  much  more  difficult  than  it  is  at  the  seat  of  the  faulty  acetabulum, 
and,  furthermore,  that  even  the  false  acetabulum  has  no  stability.  When  the 
head  of  the  femur  has  arrived  at  the  point  where  it  tends  to  form  a  new  socket 
for  itself,  it  has  gone  as  far  as  it  can  go;  and  a  shallow,  imperfectly  constructed 
socket  is  as  good  as  a  more  perfect  one.  It  by  no  means  follows  that  were  the 
head  replaced  in  the  old  cavity  it  would  be  any  more  inclined  to  remain  there, 
even  though  it  could  ream  out  for  itself  in  that  situation  as  deep  an  acetabulimi 
as  it  had  produced  on  the  side  of  the  ilium.  In  fact,  the  whole  natural  tendency 
would  be  toward  a  reluxation,  for  reasons  which  arc  perfectly  obvious.     If 
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replacement  could  be  accompanied  by  remodelling  of  the  shape  of  the  head  and 
neck  of  the  femur,  as  well  as  deepening  of  the  acetabular  cavity  and  alteration 
in  this  structure  itself,  there  might  be  some  hope  of  a  satisfactory  readjustment 
of  anatomic  conditions.  One  other  part  of  the  normal  structure  of  the  hip 
joint  undergoes  some  modification  in  congenital  dislocation  of  the  hip,  and 
that  is  the  cotyloid  ligament.  In  the  earUer  cases,  at  autopsy  and  operation, 
the  cotyloid  ligament  is  usually  present,  though  often  much  elongated  and 
correspondingly  thinned.  In  the  older  cases,  after  the  eighth  to  the  tenth 
year,  it  has  not  often  been  found,  having  apparently  undergone  absorption, 
there  being  no  longer  any  need  for  its  existence.  ' 

Symptomatology. — Recognition  of  congenital  dislocations  at  birth  is  quite 
difficult  and  is  rarely  accomplished.  Sometimes  in  the  earlier  months  of  in- 
fancy the  mother  or  nurse  may  detect  a  prominence  in  the  buttock  formed  by 
the  trochanter,  or  a  click  may  be  noticed  in  the  hip  joint  when  the  hips  are  man- 
ipulated, but  usually  it  is  not  until  the  child  commences  to  stand  and  walk  that 
the  condition  is  suspected.  For  considerable  periods  even  after  this  time, 
particularly  in  the  bilateral  dislocations,  peculiarities  in  gait  may  be  attributed 
to  the  natural,  tottering  instability  of  babyhood.  The  absence  of  the  sub- 
jective signs  of  pain  or  impairment  of  health  favors  the  belief  that  mere  pecul- 
iarity in  gait  may  be  ignored,  and  that  as  the  child  develops  it  will  be  outgrown. 
There  comes  a  time,  however,  when  this  illusion  is  dispelled  by  the  closer  obser- 
vation of  parents  or  friends,  and  the  surgeon  is  consulted. 

In  the  unilateral  cases  the  gait  is  quite  significant.  The  child  walks  with 
a  decided  limp,  yielding  on  the  side  of  the  dislocation,  but  without  any  sugges- 
tion of  discomfort  or  limitation  in  the  arc  of  motion.  In  the  bilateral  cases 
there  is  the  same  absence  of  any  suggestion  of  discomfort  in  locomotion,  but 
there  is  a  decided  roll  of  the  trunk  from  side  to  side  as  the  child  successively 
attempts  to  shift  its  weight  over  its  altered  centre  of  gravity.  There  is  always 
an  exaggeration  of  the  lumbar  lordosis,  which  is  most  marked  in  the  bilateral 
cases.  The  buttocks  are  very  prominent,  and  in  the  older  children  particu- 
larly the  prominence  of  the  trochanters  is  noticeable  posteriorly  to  their  usual 
location.  In  the  unilateral  cases  there  may  be  some  atrophy  of  the  thigh 
and  calf  which  is,  of  course,  not  so  noticeable  in  double  dislocations.  The  tro- 
chanter is  above  Nelaton's  line,  and  seems  situated  in  a  plane  posterior  as  well 
as  superior  to  the  customary  location.  Shortening  is  conspicuous  in  the  uni- 
lateral dislocations,  but  is  a  feature  which  can  usually  be  overcome  to  a  greater 
or  less  extent  by  traction  upon  the  femur,  and  during  this  procedure  the  up- 
and-down  excursion  of  the  trochanter  can  be  noted.  The  head  of  the  femur 
cannot  be  detected  in  its  customary  place  immediately  beneath  or  slightly  to  the 
outer  side  of  the  femoral  vessels  at  the  level  of  Poupart's  ligament.  Mobility 
of  the  joint  is  quite  free,  and  where  it  is  at  all  limited  the  restriction  is  not 
due  to  muscular  spasm  but  to  some  mechanical  obstacle.    Adduction,  hyperex- 


756 


AMERICAN    PRACTICE   OF  SURGERY. 


tension,  and  rotation  may  be  somewhat  restricted,  but  flexion  is  commonly  ab- 
normally free.  The  adductors  of  the  thigh  are  often  taut,  and  are  put  on  the 
stretch  very  early  in  attempted  abduction.  The  hamstrings  are  also  inclined 
in  some  cases  to  be  tightened,  causing  an  obstacle  to  complete  extension  at  the 
knee. 

Knock-knefi,  valgus,  and  scoliosis  are  not  infrequently  caused  by  this  deform- 
ity, and  combined  Vv^ith  it  as  an  associated  deformity  there  are  occasionally 
found  other  congenital  defects,  such  as  club  foot  and  spina  bifida.  The  diag- 
nosis of  this  condition  is  therefore  not  a  very  difficult  one  to  make.  Hip  dis- 
ease of  tuberculous  origin,  coxa  vara,  and  paralytic  dislocation  of  the  head  of 
the  femur  represent  practically  the  only  conditions  which  it  is  needful  to 
bring  into  the  differential. 

Treatment. — Where  there  has  been  so  much  obscurity  as  to  causation  for  a 
deformity,  and  where  so  many  modifications  of  structure  enter  into  the  com- 
po"sition  of  the  parts  concerned,  it  is  not  strange  that  there  has  been  much 
uncertainty  as  to  the  best  method  of  treatment.     From  the  year  1829  when 


Fig.  540. — Double  Congenital  Dislocation  of  Hips,  Nine  Months  after  Reduction ;   Function  just 
Being  Permitted.      (Children's  Hospital,  Boston.) 

Dupuytren,  after  a  careful  anatomical  consideration  of  the  matter,  came  to  the 
conclusion  that  its  cure  was  not  feasible,  down  to  the  present  time,  when  there 
are  those  who  regard  congenital  dislocation  of  the  hip  as  one  of  the  conditions 
in  which  cure  can  be  almost  guaranteed  if  treatment  is  undertaken  at  the  right 
time  and  in  the  right  way,  there  have  been  all  varieties  of  opinion.  The  urgency 
for  the  discovery  of  some  method  of  treatment  which  shall  effect  a  cure,  is  just 
as  great  as  it  ever  was.  Adults  afflicted  with  this  deformity  are  often  gi'eatly 
incapacitated,  and  suffer  much  from  pain  and  fatigue  as  well  as  from  the  em- 
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barrassment   which   ahvays   attends   a   disfiguring  deformity.     Economically, 
they  are  sufferers,  as  well  as  physically. 

To  the  ^\Tite^  it  seems  that  one  of  the  conclusions,  which  Dupuytren  orig- 
inally drew,  is  still  true,  that  there  are  anatomical  reasons  why  congenital  dislo- 
cation of  the  hip  cannot  be  cured.  The  work  of  Hoffa,  Lorenz,  and  others  has 
demonstrated  that  the  second  of  his  conclusions,  that  palliative  measures  are 
equally  hopeless,  is  untrue.  There  is  no  discounting  the  fact  that  improvement 
in  the  position  of  the  head  of  the  femur  can  be  secured  in  a  considerable  pro- 
portion of  the  cases,  and  that  this  improved  position  may  be  permanently 


Fig.  541.— Same  Case  as  that  Shown  in  Fig.  540,  Two  Years  Lat^r.  Observe  the  reluxation  of  the 
left  hip  and  a  commencing  luxation  of  the  right.  This  condition  has  been  gradually  developing. 
(Children's  Hospital,  Boston.) 

maintained.  A  few  cases,  unquestionably,  are  reduced,  and  anatomical  cures 
are  secured.  The  permanency  of  these  cures  is  problematical,  and  is  wholly 
dependent  upon  the  approximation  to  the  normal  of  the  parts  concerned  in 
the  make-up  of  this  articulation. 

Some  cases  which  are  immediately  satisfactory'  are  showing  a  tendency  to 
reluxate,  as  is  shown  in  Figs.  540  and  541.  This  doubtless  occurs  more  fre- 
quently than  is  recognized,  and  time  sufficient  to  determine  the  final  results 
of  cases  which  have  been  treated  by  the  more  perfect  methods  of  Lorenz,  has 
not  yet  elapsed.  In  this  country  there  has  been  a  great  tendency  to  strive  for 
some  short  cut  in  the  post-operative  treatment;  so  that  in  all  probability,  the 
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results  here  will  not  show  so  high  a  percentage  of  permanent  benefit  as  where 
conservative  post-operative  treatment  is  followed  for  a  longer  time. 

In  considering  the  method  of  treatment  to  be  followed  in  a  given  case,  a 
careful  preliminary  study  of  the  anatomical  conditions  is  required  in  order  that 
the  best  plan  may  be  followed.  One  is  always  confronted  with  the  troublesome 
fact,  that  it  is  impossible  in  many  cases  to  form  a  correct  estimate  of  what  these 
anatomical  conditions  really  are,  and  it  is  often  necessary  to  make  an  exam- 
ination under  ether  before  one  is  in  a  position  to  determine  what  the  chances  of 
success  are  likely  to  be.  The  difficulties  are  not  by  any  means  overcome  when 
the  head  is  brought  down  opposite  the  acetabulum,  and  slipped  into  the  socket. 
On  account  of  the  twists  in  the  neck,  or  the  conformation  of  the  head,  it  is  often 


Fig.  542. — Rudimentary  Head  and  Acetabulum  and  Good  Reposition  of  Head  in  Socket,  but  the 
Anatopaical  Conditions  Are  Apparently  Unfavorable  for  a  Permanent  Cure.  (Children's  Hospital, 
Boston.) 

necessary  to  maintain  relations  between  the  shaft  of  the  femur  and  the  acetab- 
ulum which  do  not  permit  of  normal  function ;  and  if  in  this  position  the  head 
can  be  kept  in  the  socket,  it  may  require  an  osteotomy,  after  stability  has  been 
secured,  to  permit  of  use  of  the  limb. 

To  Hoffa  belongs  the  credit  of  having  first  demonstrated  the  feasibility  of 
deepening  the  acetabular  cavity  and  replacing  the  femoral  head  within  the 
socket  by  an  open  or  bloody  reposition.  The  applicability  of  this  method  is 
restricted  to  those  cases  of  unilateral  deformity  in  which  bloodless  reduction 
has  failed,  or  where  the  age  of  the  patient  precludes  the  possibility  of  securing 
satisfactory  functional  results  by  such  an  attempt.  Even  with  the  assistance 
of  the  various  mechanical  aids  to  reduction,  failure  is  the  result  in  the  majority 
of  cases  after  puberty.  Such  an  operation  contemplates  the  establishment  of 
a  stable  articulation  by  a  more  or  less  firm  osseous  or  fibrous  ankylosis,  in  a 
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position  where  the  weight  of  the  body  is  borne  through  the  normal  centre  of 
gravity.  In  bilateral  cases  this  method  is  not  applicable.  The  operation  itself 
is  difficult,  both  because  of  the  obstacles  to  reduction  offered  by  the  contractures 
of  muscle  and  tendon,  and  because  of  the  deep-seated  position  of  the  acetabu- 
lum and  the  fact  that  it  is  sometimes  hard  to  identify  it  and  ream  it  out  when 
it  is  found.  Special  curettes  and  burr  drills  have  been  devised  to  facilitate 
the  procedure. 

The  bloodless  method  is  attended  with  its  greatest  successes  during  the  period 
between  the  second  and  third  and  the  sixth  or  seventh  years  in  the  hands  of  the 
most  skilful  manipulators.     The  percentage  of  cures  is  higher  by  five  or  six  per 


Fig.  543. — Showing  Tendency  to  Redislocation  One  Year  after  Reduction.  Rudimentary  aeetab- 
ula  apparently  the  cause  for  the  reluxation.  Same  case  as  that  shown  in  Fig.  542.  (Children's  Hos- 
pital, Boston.) 


cent  in  the  unilateral  cases  than  in  the  bilateral.  Complete  overcoming  of  the 
contractures  of  all  muscles  whose  shortness  or  tautness  could  interfere  with  the 
reposition  of  the  head  in  the  old  acetabulum  is  a  prime  essential  of  the  operation. 
This  having  been  accomplished,  and  the  ability  easily  to  abduct  and  hyperextend 
the  thigh  with  the  head  of  the  bone  at  least  opposite  the  acetabulum  having  been 
demonstrated,  the  femoral  head  may  be  slipped  over  the  rim  of  the  acetabu- 
lum ;  and  this  takes  place  with  a  click  which  is  commonly  audible,  but  is  some- 
times only  palpable.  When  this  can  be  accomplished  it  should  be  possible  to  pal- 
pate the  head  of  the  femur  just  below  the  femoral  vessels  at  Poupart's  ligament, 
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By  rotating  the  femur  the  head  is  more  readily  recognized.  In  order  that  it 
should  remain  there  and  not  immediately  become  dislocated  again  as  soon  as  the 
force  which  replaced  it  is  removed,  it  may  be  necessary  strongly  to  invert  or 
strongly  evert  the  foot;  and  the  position  which  the  thigh  takes  when  reduction  is 
completed  is  that  of  ninety  degrees,  more  or  less,  of  abduction,  and  flexion  to  nearly 
the  same  amount  in  the  majority  of  cases.  This  position  is  well  shown  in  Fig.  542. 
Fig.  543  shows  very  well  that,  although  reduction  in  this  child,  who  was  eight 
years  of  age,  was  brought  about,  and  though  it  required  machine  reduction  to 


Fig.  544. — Compare  with  Fig.  543,  p.  759.     Three  Months  after  Reduction.     (Children's  Hos- 
pital, Boston.) 


accomplish  it,  the  chances  are  strongly  in  favor  of  its  being  reluxated  because  of 
defects  in  the  formation  of  the  head.  It  is  difficult  to  see  how,  even  if  the 
acetabulum  should  be  deepened  by  the  pressure  of  that  rudimentary  head,  any 
proper  development  of  the  head  itself  is  to  be  brought  about;  and  if  the  latter  is 
not  secured  no  stability  can  be  reasonably  anticipated  in  this  jpint.  In  Fig.  544 
there  is  a  slightly  better  developed  head  than  that  shown  in  Fig.  543  on  page  759, 
but  the  chance  for  reluxation  seems  good.  When  the  preliminary  steps  have 
been  thoroughly  carried  out  and  replacement  of  the  head  has  taken  place,  then, 
in  those  cases  where  success  is  to  be  attained,  spontaneous  luxation  ought  not 
to  be  easy  before  the  plaster  is  applied  or  is  being  applied.  As  a  preliminary 
to  bloodless  reduction,  traction  in  bed  for  several  days  previous  to  etherization 
often  facilitates  tTie  manipulations,  and  at  the  time  of  the  operation  kneading 
massage  to  the  tautened  adductors  assists  in  overcoming  their  tension.  Ma- 
chines, such  as  those  devised  by  Bartlett  and  Bradford  in  this  country  and  by 
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Lexer  and  Heusner  abroad,  facilitate  the  stretching  of  contracted  fasciae  and 
ligaments  and  fixation  of  the  pelvis,  which  is  so  necessary  diu"iug  certain  of  the 
manipulations.  Lorenz  employs  a  simple  wedge-shaped  block  of  wood  tc 
aid  in  the  final  sliding  of  the  head  into  the  acetabulum. 

A  considerable  number  of  accidents  have  attended  the  employment  of  the 
force  exerted  in  attempts  to  reduce  the  older  cases,  particularly  by  the  machine 
methods.  Ruptures  of  vessels  and  fractures  of  the  femur  and  pelvis  are  the 
more  serious  of  these,  with  an  occasional  injury  to  the  great  nerve  trunks. 


Fig.  545. — Attempted  Reduction  (not  at  the  Hospital)  of  a  Congenital  Dislocation  and  Fracture 
and  Impaction  of  the  Femoral  Neck.     (Children's  Hospital,  Boston.) 

Production  of  ha^matomata  is  common,  but  not  often  of  serious  consequence, 
and  the  same  is  true  of  the  superficial  tears  in  the  skin. 

At  a  machine  reduction  in  a  twelve-year-old  child  the  WTiter  fractured  both 
pubic  rami  but  without  any  troublesome  consequences.  Fig.  545  illustrates  an 
impacted  fracture  of  the  femoral  neck  brought  about  m  an  attempt  at  reduc- 
tion of  a  dislocation. 

The  after-treatment  of  these  cases,  both  the  immediate  and  the  remote,  is  of 
great  importance.  The  retentive  spica  should  be  put  on  with  the  utmost  care 
while  the  child  is  still  under  ether,  and  while  the  limb  is  in  the  position  where 
greatest  stability  is  demonstrable,  relegating  to  the  future  an  osteotomy  for  the 
correction  of  possible  faulty  positions  of  the  Umb.  If  the  head  is  in  place  and 
the  acetabulum  is  to  be  deepened  by  the  exercise  of  its  compression  force,  pro- 
longed confinement  in  plaster,  accompanied  by  early  institution  of  weight-bear- 
ing, should  be  the  rule.  The  first  plaster  should  be  worn  three  or  four  months 
and  then  changed  for  one  exactly  similar,  if  the  reduction  is  found  at  that  time 
to  be  maintained.    The  treatment  should  be  continued  for  from  six  to  eight  months 
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longer,  and  then  some  lessening  of  the  extreme  position  may  be  permitted,  still 
under  the  protection  of  plaster  spicas.  In  the  course  of  three  or  four  months 
more,  the  child  may  allow  the  position  of  the  thigh  to  approximate  the  normal, 
and  a  thoroughgoing  course  of  massage  and  active  and  passive  manipulation 
should  be  continued,  with  intermittent  fixation,  for  fully  a  year  longer,  making 
the  entire  treatment,  after  manipulative,  bloodless  reduction,  occupy  two  years 
or  more.  If  only  an  anterior  reposition  results  from  this  it  is  worth  while;  for 
this  is  a  much  better  functional  condition  than  the  original,  and  is  more  likely 
to  be  permanent  than  is  an  anatomical  replacement  where  the  condition  of  the 
acetabulum  and  the  femoral  head  is  rudimentary. 

In  Fig.  546  is  shown  a  case  where  the  shape  of  the  femoral  head,  the  develop- 
ment of  the  neck,  and  the  angle  of  the  neck  with  the  shaft  were  not  particularly 


1 


Fig.  546. — Before  Bloodless  Machine  Reduction.     Left  head  was  out  of  the  socket  clinically  and  was 
replaced.     Right  was  thought  to  be  in  place  clinically.      (Children's  Hospital,   Boston.) 


faulty  in  either  hip,  but  where  the  maintenance  of  the  head  in  the  socket 
for  a  year  had  failed  to  deepen  the  acetabulum  and  consequently  redisloca- 
tion  was  taking  place.  The  "anterior  reposition,"  which  very  often  passes 
for  an  anatomical  reduction,  yields  very  good  functional  results  and  can  be 
easily  secured  when  the  immediate  results  of  attempts  at  anatomical  replace- 
ment show  an  instability  of  the  reduction.  In  the  writer's  opinion,  where  such 
is  the  case,  it  is  much  wiser  to  be  satisfied  with  anterior  reposition  than  to  try 
for  an  anatomical  cure  and  suffer  the  result  which  so  frequently  happens,  even 
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while  the  patient  is  wearing  the  first  retentive  plaster.  The  tendency  in  these 
cases  is  to  reluxate  to  the  old  posterior  position.  Statistics  are  notoriously 
untrustworthy  on  matters  of  this  kind,  and  that  they  should  be  so  is  easily  ap- 
preciable when  one  considers  the  difficulties  of  making  accurate  observ^ations. 
The  percentages  of  cure  in  congenital  dislocation  vary  all  the  way  from  thi-ee  to 
seventy-two  per  cent  in  the  hands  of  various  operators,  as  given  by  Lorenz  and 
Reiner.*  In  view  of  the  tendency  to  progressive  redislocation,  which  has  been 
shown  in  some  of  the  illustrations  presented  in  this  chapter,  even  over  consider- 
able periods  of  time,  it  seems  that  the 


Fig.  547. 


Fig.  548. 


Fig.  547. — Patient  Standing.  Observe  the  direction  of  the  pull  of  the  quadriceps  tendon.  (Original.) 
Fig.  548. — Side  View  of  the  Same  Case  as  that  Show-n  in  Fig.  547.     (Original.) 

future  of  many  cases  reported  as  cures  when  retentive  plasters  are  removed, 
will  speak  less  favorably  for  anatomical  reduction,  though  without  doubt  many 
will  be  functionally  improved. 

Apparatus  has  been  employed  without  resort  to  operation  in  some  bilateral 
cases  with  considerable  success.     In  unilateral  cases  it  has  not  been  so  bene- 

*  Joachimthal's  "Handbuch  der  orth.  Chir.,''  sechste  Lieferung,  p.  222. 
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ficial.  The  brace  which  has  been  most  efficient,  has  been  a  back  brace  to  which  is 
attached  a  pelvic  band  that  encircles  the  pelvis  at  as  low  a  level  as  can  be  worn 
and  at  the  same  time  allow  the  patient  to  sit.  In  order  to  carry  it  as  low  as  pos- 
sible behind,  the  portion  crossing  the  sacrum  dips  down  just  behind  the  greater 
trochanters,  curving  over  them,  and  terminates  in  front  at  the  anterior  superior 
spines.    The  uprights,  which  are  of  tempered  steel  of  about  .16  gauge,  do  not  fit 

in  closely  to  the  lumbar  spine,  but  stand 
away  from  it.  To  these  uprights  is  at- 
tached a  leather  abdominal  belt  about 
eight  to  ten  inches  in  depth,  which  buckles 
in  front,  and  by  drawing  this  tight  the 


Fig.  549. 


Fig.  550. 


Fig.  549. — Circular  Dotted  Line  Indicates  the  Position  of  the  Patella.  Observe  the  high  posi- 
tion of  the  patella  and  the  prominence  of  the  internal  condyle.     (Original.) 

Fig.  550. — Dots  Indicate  the  Position  of  the  Tibial  Tubercles  before  and  after  Transplantation. 
Observe  also  the  position  of  the  patella.     (Original.) 


lumbar  spine  is  drawn  in  to  the  uprights  and  the  weight  of  the  body  is  shifted 
backward  more  nearly  over  the  centre  of  gravity.  By  this  procedure  the  gait 
is  m^ade  less  rolling,  lordosis  is  slightly  lessened,  and  the  symptoms  of  fatigue 
and  strain  which  these  patients  often  complain  of  are  considerably  ameliorated. 
This  has  been  especially  advantageous  in  adults.  It  was  also  helpful  in  a  bilat- 
eral dislocation  in  a  child  where  bloodless  reposition  had  failed.    Apparatus 
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having  for  its  purpose  fixation  of  the  trochanter  by  pads  and  modifiect  spicas 
has  not  been  satisfactory. 

In  spite  of  all  that  has  been  thus  far  accompUshed,  the  treatment  of  congen- 
ital dislocation  of  the  hip  is  only  satisfactory  in  so  far  as  it  contributes  to  a 
functional  betterment.    Anatomical  reduction  is  rarely  permanent.* 

Congenital  Genu  Recurvatum. — This  is  a  rare  condition  and  needs  only 
brief  mention.  It  is  not  a  true  dislocation,  but  more  properly  a  hyperextension 
of  the  tibia  and  fibula  upon  the  femur.  The  extensor  muscles  are  shortened 
while  the  flexors  are  stretched,  and  mo- 
tions in  these  two  directions  are  corre- 
spondingh'  modified.  Associated  with 
this  there  are  frequently  other  con- 
genital defects  such  as  club  foot  and 
absence  of  the  patella.  Malposition  in 
utero  seems  the  most  probable  explana- 
tion of  the  deformity.  It  is  rarely  nec- 
essary' to  do  more  than  massage  the 
muscles  of  the  thigh  and  practise  active 
overcorrection  of  the  deformity,  at  the 
same  time  applying  some  light  appara- 
tus to  maintain  the  corrected  position. 
Forcible  correction  under  an  anaesthetic 
is  occasionally  necessaiy. 

Dislocation  of  the  Patella. — Dis- 
placements of  the  patella  may  be  asso- 
ciated with  knock-knee  of  congenital 
origin,  or  may  be  caused  by  lengthening 
of  the  patellar  tendon.  The  latter  cause 
gives  rise  to  a  condition  commonly 
spoken  of  as  "sUpping"  patella,  but  the 
lengthening  of  the  tendon  is  undoubt- 
edly a  congenital  defect. 

An  extreme  case  of  congenital  dis- 
placement of  the  patella  is  shown  in 
Figs.  547,  548,  and  549.  Only  a  moderate  grade  of  knock-knee  was  associated 
with  this  condition.  The  disability  resulting  from  this  dislocation  was  cjuite 
extreme,  and  radical  treatment  was  not  undertaken  until  adult  life  was  estab- 
lished. Discomfort,  amounting  in  many  cases  to  acute  suffering,  easy  fatigue, 
and  a  very  much  restricted  radius  of  activity  mark  the  more  severe  types  of  these 
congenital  displacements. 

*This  statement  is  made  in  view  of  the  tendency  to  reluxate  which  quite  a  number  of 
patients  have  manifested  even  in  cases  where  the  immediate  results  were  good. 


Fig.  551.— After  Operation.  Side  v-iew  of  Fig. 
550.  Observe  position  of  patella  after  trans- 
plantation of  tibial  tubercle.     (Original.) 
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In  the  ''slipping  patella"  cases  there  is  a  sense  of  instability  at  the  knee- 
joint  which  causes  the  patient  constant  anxiety.  With  greater  or  lesser  fre- 
quence the  patella  will  slip  over  the  external  femoral  condyle  and  the  patient 
may  be  thrown  to  the  ground:  and  some  manipulation  may  be  necessary  in  order 
to  restore  the  patella  to  its  proper  place  on  the  femoral  condyles.  Usually 
considerable  synovitis  is  produced  by  these  luxations. 

Mild  grades  of  knock-knee  are  not  infrequently  noted  in  these  cases,  thus 
altering  the  direction  of  the  pull  of  the  quadriceps  upon  the  tibial  tubercle. 
When  the  leg  is  completely  extended  there  is  a  marked  laxity  of  the  joint  cap- 
sule, and  the  patella  can  be  pushed  over  into  an  extreme  position  of  outward 
displacement.  In  these  cases,  when  the  leg  is  extended,  the  inferior  border  of 
the  patella  rests  higher  on  the  femoral  condyles  than  is  normal;  and  it  does 
not  descend  as  far  in  extreme  flexion. 

Treatment. — Where  the  osseous  deformity  is  extreme  in  its  tendency  toward 
knock-knee,  it  is  often  necessary  to  resort  to  an  osteotomy,  but  many  cases  may 
be  cured  by  lesser  procedures.  Formerly,  quilting  operations  were  performed 
upon  the  capsule  to  correct  this  tendency,  but  they  were  attended  with  failure 
because  the  quilted-up  portion  invariably  stretched  out.  Then  the  patellar 
tendon  was  shortened,  but  this  was  not  much  of  an  improvement.  In  the  case 
figured  on  page  764,  the  tibial  tubercle  was  transplanted  to  a  position  where  the 
pull  of  the  quadriceps  would  draw  the  patella  over  the  top  of  the  condyles  of 
the  femur,  as  shown  in  Figs.  550  and  551. 

Goldthwait  has  also  devised  an  operation,  by  which  the  outer  half  of  the 
patellar  tendon  is  transferred  beneath  the  remainder  of  the  tendon  which  is 
left  inserted  into  the  tibial  tubercle,  and  is  then  attached  subperiosteally,  after 
the  manner  of  Lange,  on  the  inner  face  of  the  tibia  at  a  point  similar  to  that  at 
which  the  tibial  tubercle  was  transplanted  in  Fig.  550.  This  changes  the 
direction  of  the  pull  of  the  quadriceps,  and  provides  for  possible  failure  of  the 
subperiosteal  implantation  by  leaving  the  inner  half  of  the  tendon  intact.  This 
operation  has  been  attended  with  very  satisfactory  results. 

Congenital  Dislocation  of  the  Ankle, — Most  of  the  congenital  disloca- 
tions at  the  ankle,  like  those  at  the  wrist,  are  the  result  of  total  or  partial  defects 
in  the  development  of  one  or  the  other  of  the  bones  of  the  leg.  The  bone  most 
often  absent  is  the  fibula,  and  extreme  outward  displacement  of  the  foot  upon 
the  leg  is  the  result  of  this  absence.  It  is  frequently  associated  with  other  con- 
genital defects  in  the  lower  extremity.  Treatment  by  the  application  of  an 
artificial  limb,  either  with  or  without  an  amputation  in  the  extreme  cases,  is  all 
that  promises  much  in  the  way  of  function. 
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TORTICOLLIS. 

(CAPUT  OBSTIPUM;  WRY-NECK.) 
By  GEORGE   D.  STEWART,  M.D.,  New  York  City. 


Typical  cases  of  this  affection  consist  of  a  shortening  of  the  sterno-mastoid 
muscle,  producing  a  deformity  the  most  prominent  feature  of  which  is  a  twisting 
or  turning  of  the  neck.  Secondary  involvement  of  other  muscles  and  tissues 
may  modify,  or  entirely  eliminate,  the  characteristic  deformity;  the  pathology, 
however,  remaining  unchanged.  The  term  torticollis,  or  wTj^-neck,  expressing 
as  it  does  only  a  symptom  and  explaining  nothing  of  the  patholog\',  should  be 
abolished  in  favor  of  a  more  exact  nomenclature.  Its  application  by  different 
^Titers  also  varies  widely.  Thus,  by  some  it  is  used  to  include  caries  of  the  cer- 
vical spine  with  deformity  of  the  neck — a  relation  in  which  wry-neck  is  mani- 
festly a  symptom  of  a  more  important  underlying  disease;  while  by  Keetley 
and  others  it  is  applied  only  to  contraction  of  the  sterno-mastoid.  The  term, 
however,  has  long  lineage  and  even  the  sanction  of  present  custom,  and  will 
be  retained  and  discussed  here  in  the  sense  defined  by  \Miitman,  as  follows,  viz. : 
"That  in  torticollis  the  distortion  is  the  important  disability  that  demands 
treatment." 

Classificatiox. — The  following  varieties  of  torticolUs  will  be  described: 
(a)  congenital,  (6)  acquired,  (c)  spasmodic,  and  (d)  the  irregular  forms. 

The  congenital  form  is  due  to  prenatal  causes,  or  to  causes  operating  at  the 
time  of  birth.     It  is  usually  painless  and  its  symptomatology  chronic  in  character. 

The  acquired  form,  due  frequently  to  infection,  to  rheumatism,  etc.,  is  acute 
in  its  early  stages,  presenting  local  pain  and  tenderness,  constitutional  disturb- 
ances, elevated  temperature,  etc.,  and  passes  later  into  a  chronic  stage. 

The  spasmodic  form,  also  an  acquired  variety,  begins,  as  a  rule,  in  clonic 
spasms  of  the  sterno-mastoid  alone,  or  of  this  muscle  and  the  trapezius. 

The  irregxdar  forms — paralytic,  ocular,  mental,  etc. — infrequent  in  oc- 
currence, partly  symptomatic,  and  not  clearty  defined,  are,  in  accordance  with  the 
plan  adopted  by  ^Miitman,  given  separate  consideration. 


CONGENITAL  TORTICOLLIS. 

Pathology  and  Etiology. — The  most  important  pathological  changes  take 

place  in  the  muscles,  principally  in  the  sterno-mastoid,  which  is  permanently 

contracted  and  more  or  less  shortened.     These  changes  are  an  increase  of  inter- 
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fibrillary  connective  tissue,  with  consequent  compression  and  disappearance  of 
the  muscle  fibres;  in  other  words,  the  fibrous  tissue  increases,  the  contractile 
elements  lessen.  Occasionally  this  fibrous  transformation  may  be  confined  to  the 
tendinous  extremities,  or  even  to  the  sternal  head  alone ;  in  other  cases  it  appears 
in  patches  or  transverse  bands,  or  it  may  involve  the  entire  muscle.  Further,  the 
process  extends  to  the  muscular  sheath,  a  fact  which  must  be  remembered  in  treat- 
ment. When  the  sternal  head  is  involved  alone,  it  feels  like  a  distinct  rounded 
cord;  when  the  whole  muscle  is  implicated,  it  appears  as  a  firm,  fibrous  band. 

Other  muscles — e.g.,  the  trapezius,  splenius  capitis,  and  levator  anguli 
scapulae — may  be  affected  secondarily.  Occasionally  one  of  these  may  be  more 
involved  than  the  sterno-mastoid,  but,  as  a  rule,  their  involvement  appears  to 
be  a  temporary  shortening,  which  is  due  to  forced  posture  and  which  disappears 
when  the  head  is  returned  to  the  normal  position  by  dividing  or  removing  the 
shortened  sterno-mastoid. 

•  Secondarily,  the  deep  cervical  fascia  (Figs.  559  and  560)  may  be  shortened, 
and  indeed  all  the  soft  tissues  on  one  side,  both  anteriorly  and  posteriorly,  may 
be  involved,  even  to  the  ligaments,  the  vessels,  and  the  sheaths  of  the  latter, 
which  are  a  part  of  the  deep  fascia. 

Arrest  of  development  of  the  face  on  the  affected  side  (facial  asymmetry) 
is  found  rather  frequently;  much  more  rarely  do  the  corresponding  half  of  the 
cranium  and  the  cerebral  hemisphere  suffer  in  the  same  way. 

Lateral  curvature  of  the  cervical  spine  is  always  present,  the  convexity  of  the 
curve  being  directed  away  from  the  affected  side.  Sometimes  a  second  compen- 
satory curve  develops  lower  down.  According  to  Keetley,  the  scoliotic  curve 
of  the  cervical  and  upper  dorsal  regions  may  be  associated  with  a  second  com- 
pensatory curve  in  the  lower  dorsal,  and  even  with  a  third  still  lower  down  in 
the  lumbar  region.  The  latter,  however,  is  not  especially  important.  Rota- 
tion of  the  spine  compensating  for  the  lateral  distortion  of  the  head,  an  increase 
in  dorsal  kyphosis,  and  an  upward  bowing  of  the  clavicle,  caused  by  tension  of 
the  sterno-mastoid,  may  be  classed  among  the  minor  secondary  deformities. 
Watson  Cheyne  points  out  that  the  curvature  seldom  leads  to  permanent  alter- 
ations in  the  bones  of  a  character  sufficiently  marked  to  prevent,  or  in  any  way 
to  interfere  with,  the  restoration  of  the  head  to  a  normal  position. 

For  a  long  time,  particularly  since  Stromeyer,  it  has  been  held  that  the  most 
frequent  cause  of  congenital  torticollis  is  an  injury  inflicted  on  the  sterno-mastoid 
at  the  time  of  birth,  followed  by  a  hematoma  of  the  muscle;  in  many  instances 
perfect  recovery  taking  place,  in  others  a  myositis  (fibrous  transformation)  and 
ultimate  contraction  resulting.  (It  is,  of  course,  recognized  that,  strictly  speak- 
ing, torticollis  due  to  causes  0{)erating  at  the  time  of  birth  is  not  congenital.) 
Of  late  years,  however,  there  have  been  many  advocates  of  the  theory  that  con- 
genital torticollis  is  due  rather  to  prenatal  causes,  viz.,  a  fixed  or  constrained 
position  in  the  uterus  for  a  longer  or  shorter  time  before  birth. 
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The  arguments  of  those  who  accept  the  latter  \'iew  and  reject  the  former  are 
well  set  forth  by  ^\'^litman  as  follows:  "(1.)  Rupture  of  the  muscle  in  other 
situations  is  not  followed  by  myositis.  (2.)  Myositis  and  contraction  do  not 
follow  injury  of  muscles  in  animals,  unless  there  is  at  the  same  time  a  pyogenic 
infection.  (Heller.)  (3.)  Most  of  the  cases  of  congenital  torticollis  present  no 
e\adence  of  injury  when  seen  at,  or  soon  after,  birth.  (4.)  Cases  of  hiematoma 
of  the  sterno-mastoid  are  not,  as  a  rule,  followed  by  torticollis.  (5.)  A  con- 
genitally  shortened  sterno-mastoid,  due  to  a  constrained  position  in  the  uterus, 
may  be  ruptured  at  birth,  but  the  resulting  hsematoma  is  then  merely  a  comph- 
cation  of  a  torticollis  due  to  prenatal  causes." 

These  arguments  being  admitted,  there  still  remain  unexplained  those  cases 
of  torticollis  in  which  practically  the  sterno-mastoid  alone  is  affected,  the  other 
parts  being  healthy.  Surely  if  these  were  due  to  prenatal  constraint,  other  tissues 
beside  the  muscle  would  be  involved.  Broca,  (Journ.  despraticieiis,  April  8th, 
1905)  describes  this  form,  which  he  calls  the  obstetrical  variety  of  congenital  tor- 
ticollis, as  occm-ring  usually  on  the  right  side,  ^^'ith  a  normal  spine  and  with  no 
tenderness  on  pressure  or  congestion  of  cervical  ganglia.  Further,  he  points  out 
that  two-thirds  of  the  patients  are  breech  presentations,  that  the  damage  is  never 
e\ddent  at  birth  but  usually  two  or  three  weeks  later,  that  in  the  majority  of 
cases  there  is  recovery  without  a  trace  of  trouble,  and,  more  important  still,  that 
in  those  which  terminate  in  contracture  a  myositis  ensues  which  ends  in  fibrous 
degeneration  of  the  muscle  and  its  sheath.  Friedberg  (Deutsche  Zeitschrift 
fur  Chinirgie,  \o\.  LXL),  in  a  study  of  twenty-nine  cases  from  Neuman's  Chnic, 
points  out  the  fact  that  55  per  cent  were  breech  presentations,  and  accepts 
traumatism  at  birth  as  the  most  common  etiological  factor.  Histological  ex- 
aminations were  frequently  made  in  his  cases,  and  the  invariable  findings  were 
interstitial  myositis  with  infiltration  and  increase  of  the  interfibrillary  connective 
tissue.  This  author  does  not  deny  that  muscular  atrophy  may  result  from  per- 
manent intra-uterine  displacement  due  to  lack  of  space,  nor  does  he  regard  as 
untenable  Kader's  theory  that  an  infectious  myositis  may  sometimes  be  the 
primary  cause,  although  bacteria  were  not  found  in  any  of  the  cases.  Kempf 
(Zeit.  filr  Chir.,  \o\.  73,  Heft.  4-6),  from  a  study  of  thirty-seven  cases,  states 
that  the  histological  findings  do  not  point  conclusively  to  an  inflammation 
of  the  muscle,  but  rather  to  an  ischsemia  to  which  he  believes  the  muscle  is 
specially  susceptible,  both  from  its  exposed  situation  and  from  its  peculiar 
vascular  relations.  This  ischa}mia,  he  believes,  may  affect  the  muscle  during  in- 
tra-uterine life,  at  birth  following  a  hsematoma,  or  even  later  in  life.  Maas  (Zeit. 
fur  orthop.  Chirurg.,  Vol.  XL)  admits  in  exceptional  instances  an  infectious 
myositis,  but  believes  that  the  majority  of  cases  are  due  to  a  traumatic  muscular 
necrosis,  caused  at  the  time  of  birth,  with  secondary  substitution  of  cicatricial 
connective  tissue,  as  in  ischaemic  necrosis  of  muscle  elsewhere.  The  intra-uterine 
mode  of  origin  he  thinks  is  rare. 

vol,.  IV.— 49 
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To  sum  up,  it  would  appear  that  the  causative  factors  may  be:  (1)  prenatal, 
due  to  a  faulty  and  constrained  position  in  utero,  resembling  and  sometimes 
occurring  with  club-foot  and  similar  deformities;  or  (2),  they  may  be  of  the 
nature  of  a  trauma  of  the  sterno-mastoid,  inflicted  during  birth  and  ter- 
minating in  a  myositis,  simple  or  infectious.  The  shortening  of  the  fascia  may 
be  due  to  the-  faulty  position  in  utero,  or  to  the  faulty  position  which  follows  from 
the  damaged  muscle.  The  arrested  development  in  face  and  brain  occurs  in  the 
acquired  as  well  as  in  the  congenital  form,  lessens  after  an  early  correction  of 
the  deformity,  and  is  therefore  probably  due  to  an  ischa^mia  caused  by  kinking 
of  the  artery  or,  where  the  fascia  is  involved,  by  compression  of  the  arterial 


Fits.  552. — Congenital  Torticollis  of  the  Left  Side.   (Collection  of  Dr.  Reginald  Sayre.)    See  also  Fig.  553. 


sheath.  It  may  even  be  present  at  birth  without  torticollis.  When  an  infectious 
myositis  is  the  cause,  this  process  may  extend  to  the  deep  fascia  and  bring  about 
the  same  results.  The  spinal  curvatures  are,  of  course,  postural.  Other  causes 
which  have  been  brought  forward  to  account  for  certain  cases  of  torticollis  are: 
a  defective  development  of  the  atlas  and  others  of  the  cervical  vertebrae,  and  an 
arrested  development  of  the  muscles  due  to  a  lesion  of  the  nerves  or  nerve  cen- 
tres. Cases  due  to  the  former  cause,  if  they  exist,  must  be  very  rare  and  un- 
important; cases  of  the  latter  category  will  be  considered  under  Special  Forms. 
(See  p.  804.) 

Clinical  History. — The  deformity  of  Torticollis,  or  wry-neck,  is  due  to  a  short- 
ening of  the  sterno-mastoid  and  consists  of  the  following  displacements :  (a)  The 
head,  as  a  whole,  is  tilted  toward  the  contracted  side ;  (6)  it  is  displaced  forward,  the 
ear  on  the  diseased  side  approaching  the  sternum;  (c)  the  face  is  rotated  toward 
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the  sound  side;  (d)  the  chin  is  elevated.  (Figs.  552  and  553.)  There  are  many 
variations  from  these  forms — variations  due  to  implication  of  other  structures. 
Thus,  for  example,  when  the  lateral  tissues  of  the  neck  are  principally  involved, 
there  is  but  little  rotation  and  the  forward  displacement  of  the  head  is  not  marked. 
When  the  posterior  muscles  (trapezius,  levator  anguli  scapulse,  etc.)  on  one  side 
alone  are  affected,  the  head  is  not  displaced  so  far  forward,  and  the  scapula  is 
elevated  and  tilted;  otherwise  the  deformity  is  quite  typical.  Implication  of 
both  sterno-mastoids,  or  of  both  trapezii,  or  of  the  anterior  and  posterior  muscle.s 
on  both  sides  of  the  neck  eliminates  the  rotation  and  therefore  the  typical  sign 
of  twisted  neck.     These  bilateral  combinations  are  relativelv   rare.    When  the 


Fig.  553. — Congenital  Torticollis  of  the  Left  Side,  Posterior  View,  Showing  Elevation  of  the  Scapula 
and  Shoulder.  (From  the  collection  of  Dr.  Reginald  SajTe.)  See  also  Fig.  552,  which  represents  a 
front  view  of  the  same  patient. 

particular  muscles  involved  cannot  be  determined  from  the  deformity,  palpa- 
tion may  afford  material  aid  by  showing  that  the  affected  muscles  are  rigid, 
the  unaffected  remaining  flaccid.  In  long-continued  cases,  owing  to  the  de- 
velopment of  compensatory  curvatures  in  the  cervical  spinal  column,  the  head, 
as  a  whole,  is  displaced  toward  the  sound  shoulder.  Motion  in  certain  direc- 
tions is  free;  in  the  direction  opposed  by  the  shortened  muscles  it  is,  of  course, 
limited. 

In  addition  to  the  principal  deformity  there  are  other  distortions,  such  as 
asymmetry  of  the  face,  lack  of  development  of  the  corresponding  half  of  the 
brain  and  cranium,  and  compensatory  curvatures  of  the  spine.  The  asymmetry 
of  the  face  is  supposed  to  be  due  to  constrained  position,  lack  of  blood  supply  (see 
under  Pathology),  restriction  of  function,  and  the  pulling  of  the  shortened  tissues. 
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It  may  follow  the  acquired  as  well  as  the  congenital  form.  In  well-marked 
cases  the  features  on  the  affected  sides  are  smaller;  the  line  of  the  nose  deviates 
and  is  not  at  right  angles  with  the  transverse  line  of  the  eyes;  the  nose,  corner  of 
the  mouth,  and  even  the  eyelids  on  the  afifected  side  are  drawn  downward;  and 
the  skull  on  that  side  also  may  show  evidence  of  atrophy.  By  Witzel  the  asym- 
metry of  face-  and  skull  is  regarded  as  a  scoliosis  due  to  dragging  of  the  short- 
ened tissues.  (Fig.  554.)  The  compensatory  curvatures  of  the  spine  occur  pri- 
marily in  the  cervical  region;  secondarily  there  may  develop  a  curvature  lower 


Fig.  554. — Congenital  Right-sided  Torticollis,  Showing  Facial  Asymmetry.  (Collection  of  Dr.  Reginald 

Sayre.) 

down;  some  rotation,  of  course,  accompanies  the  curvature;  and  dorsal  kypho- 
sis is  observed  particularly  in  the  cases  of  long  standing.     (Fig.  555.) 

Usually  the  deformity  of  congenital  torticolHs  is  so  slight  at  birth  as  to 
escape  notice.  It  may  appear  in  the  course  of  three  or  four  weeks,  or  not  until 
the  child  sits,  or  even  later.  Occasionally  it  is  extreme  at  birth,  being  ac- 
companied by  asymmetry  of  the  face  and  distortion  of  the  skull.  As  the  dis- 
ease progresses  the  deformity  increases;  indeed,  all  the  deformities  increase — 
a  fact  which  emphasizes  the  importance  of  early  treatment  and  points  em- 
phatically to  an  increase  in  the  difficulties  to  be  encountered  corresponding  to  the 
delay  in  beginning  treatment. 

In  acquired  cases  the  deformity  follows  rather  promptly  the  onset  of  the 
disease. 

Diagnosis  of  Congenital  Torticollis. — In  congenital  torticollis  the  diagnosis 
is  based  on  the  deformity  of  the  neck  and  the  compensatory  deformities,  partic- 
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ularly  the  obliquity  and  rotation  of  the  shoulders  brought  about  in  the  attempt 
of  the  patient  to  keep  the  face  as  nearly  as  possible  in  the  perpendicular  line ;  on 
the  contraction  and  shortening  of  the  muscles  as  revealed  by  insjjection  and  pal- 
pation ;  and  on  the  limitation  of  motion,  which  is  restricted  only  in  the  direc- 
tions controlled  by  the  shortened  muscle  or  muscles.  These  "^ith  the  history, 
the  painless  character  of  the  affection,  and  the 
facial  asymmetry  when  present,  serve  to  differ- 
entiate the  congenital  form  of  torticolhs  from 
Pott's  disease  of  the  cer\ical  spine  or  from  a 
rheumatic  or  infective  process  invohdng  the 
spinal  articulations.  In  the  infant  a  suspected 
congenital  torticollis  may  be  made  more  ap- 
parent by  draA\ing  the  arm  downward  on  the 
suspected  side,  at  the  same  time  rotating  the 
head  toward  the  opposite  side,  by  which  means 
the  shortened  muscle  is  made  prominent. 
(WTiitman.) 

Prognosis. — In  congenital  torticolhs,  and 
also  in  the  chronic  form  of  acquired  torticollis, 
the  prognosis  depends  on  the  success  of  the 
surgical  measures  employed.  A  complete  per- 
manent cure  may  be  obtained,  in  a  majority 
of  all  cases  the  head  recovering  its  normal  range 
of  motion,  the  scoliosis  disappearing,  and  the 
asymmetry  becomuig  less  and  less. 

Treatment. — If  the  sterno-mastoid  has  been 
ruptured  at  birth  and  is  the  seat  of  a  hj€matoma, 
care  should  be  exercised  to  prevent  the  occur- 
rence of  torticolhs.  Absorption  of  the  clot 
should  be  promoted  by  massage  with  the  use 
of  ointments  or  of  hot  fomentations,  and  short- 
ening of  the  muscle  should  be  prevented  by  placing  the  head  in  suitable 
postures.  If  slight  deformity  has  occurred,  either  with  or  without  discoverable 
hsematoma,  it  may  be  overcome  by  drawing  downward  on  the  arm  of  the 
affected  side  and  turning  the  face  forcibly  toward  the  same  side — that  is,  in 
the  direction  wiiich  will  put  on  the  stretch  the  contracted  muscle.  Tliis 
should  be  repeated  several  times  daily,  massage  of  the  stretched  muscle 
being  employed  at  the  same  time  and  every  possible  advantage  being  taken 
of  posture,  both  in  bed  and  in  the  nurse's  arms.  T^Tien  the  deformity  has 
persisted  for  any  length  of  time  and  is  at  all  well  marked, — when  the  muscle 
is  shortened  one  inch  or  more  (WTiitman), — attempts  at  stretching,  either  by 
manipulation,  or  by  extension,  or  by  the  use  of  apparatus,  are  absolutely  use- 


FiG.  555. — A  Case  of  Torticollis 
Showing  Compensatorj'  (Primary  and 
Secondary)  Spinal  Curvatures.  (From 
the  collection  of  Dr.  Reginald  Sayre.) 
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less,  and  resort  must  be  made  to  operative  measures.  In  the  operative  treat- 
ment two  points  of  importance  call  for  consideration :  first,  to  rectify  the 
distortion,  by  cutting  or  by  manipulation;  second,  to  maintain  the  head  in  a 
suitable  position  by  some  form  of  apparatus.  The  operations  recommended  are : 
first,  subcutaneous  tenotomy ;  second,  open  division  of  muscles  and  fascia,  and 
of  all  resisting,  structures. 

Subcutaneous  Tenotomy. — This  operation  has  not  a  wide  range  of  appli- 
cability, and  should  be  reserved  for  those  cases  in  which  the  deformity  is  slight 


Fig.  556. 


Fig.  557. 


Fig.  556. — Congenital  Torticollis  with  Extra  Cervical  Rib.  Front  view.  (From  the  collection  of 
Dr.  Reginald  Sayre.) 

Fig.  557. — Congenital  Torticollis,  with  Extra  Cervical  Rib.  View  from  behind.  (From  the  col- 
lection of  Dr.  Reginald  Sayre.) 


and  confined  chiefly  to  the  sternal  head  of  the  sterno-mastoid,  and  for  most  of 
those  occurring  in  girls — cases,  therefore,  in  which  aesthetic  considerations  play 
an  important  part.  The  muscle  should  be  placed  on  the  stretch  and  the  teno- 
tome, entered  along  the  inner  side  of  the  sternal  head,  about  one  inch  above 
its  origin,  should  be  passed  beneath  the  muscle,  dividing  it  from  within  out- 
ward. Forcible  manipulation  may  succeed  in  correcting  any  remaining  slight 
contraction  of  the  sheath  or  fascia. 

The  Open  Operation. — In  nearly  every  case,  in  order  to  overcome  the  de- 
formity, it  is  necessary  to  divide  both  heads  of  the  sterno-mastoid  and  the  nms- 
cular  sheath.  Other  nmscles  may  be  involved  secondarily— e.gf.,  the  trapezius, 
the  splenius,  etc.— but,  as  a  rule,  these  yield  to  forcible  manipulation  after  the 
more  resisting  structures  have  been  divided.    For  the  open  treatment  of  the 
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muscle  and  its  sheath,  various  incisions  have  been  employed,  and  it  is  only  fair 
to  say  that  most  of  them  do  not  adequately  expose  the  parts.  Particularly  is 
this  true  of  the  vertical  incisions  which,  according  to  the  recommendations, 
should  be  made  midway  between  the  two  heads  in  the  hne  of  the  mus- 
cle or  along  the  posterior  border.  Transverse  incisions,  on  the  other  hand, 
while  they  give  a  better  exposure,  are  Uable  to  become  puckered,  particu- 
larly if   the   muscle  di\dsion  is  made   in   the  same  plane  as  the  skin.     Tliis 


Fig.  558. — Congenital  Torticollis.  (Author's  case.)  Open  division  of  stemo-mastoid  through  a 
curved  incision  over  the  clavicle.  Muscle  di\Tsion  was  made  at  a  high  level  by  retracting  the  upper 
edge  of  the  incision.     No  puckering  of  the  skin  followed. 


can  be  overcome  by  dividing  the  muscle  on  a  higher  level.  (See  Fig.  558.) 
Chiene  employs  a  curved  incision,  which  starts  about  one-quarter  of  an 
inch  behind  the  anterior  border  of  the  muscle,  and  an  inch  and  a  half  above 
the  clavicle,  then  passes  backward  and  do\\'nward  over  the  anterior  third  of  the 
posterior  triangle,  and  finally  curves  do'VNTiward  and  forward  over  the  clavicle 
to  a  point  about  opposite  the  centre  of  the  stemo-mastoid.  When  this  flap  is 
turned  forward,  the  whole  outer  aspect  of  the  muscle  and  both  borders  are  ex- 
posed. If  this  incision  is  objected  to  on  account  of  its  extent,  a  modification 
of  Kocher's  incision  for  thyroidectomy  is  recommended  by  the  same  author. 
An  effective  and  well-concealed  incision  is  one  placed  parallel  to  and  just  above 
the  clavicle.     That  the  skin  and  muscle  incisions  may  not  be  superimposed,  the 
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skin  is  drawn  slightly  upward  and  divided  by  cutting  upon  the  clavicle.  When  the 
skin  is  released,  the  position  of  this  incision  is  transferred  to  a  still  lower  level. 
Through  this  incision,  aided  by  retraction  of  the  upper  edge,  the  muscle  may  be 
adequately  bared.  After  the  muscle  has  been  exposed,  the  finger  or  a  grooved 
director  should  be  passed  beneath  it  from  posterior  to  anterior  border,  and  then 
the  entire  muscle  should  be  completely  divided  either  transversely  or,  according 
to  Chiene,  obliquely  from  the  anterior  border  upward  and  backward.    When 
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cervical  fascia 

Lamina  profunda 
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'  In  England,  the  portion  of  the  deep  cervical  fascia  covering  the  parotid  gland  is  usually  distinguished' 
the  farotid  fascia;  that  covering  the  masseter  muscle,  as  the  masseteiic  faicin—TR. 

Fig.  559. — Dissection  of  the  Right  Side  of  the  Neck,  Showing  the  Deep  Cervical  Fascia  at  Sev- 
eral Points.     (From  Toldt's  "Atlas  of  Human  Anatomy,"  London,  1904.) 


this  has  been  done,  the  neck  should  be  put  on  the  stretch  and  all  resisting  struct- 
ures, whether  muscular  or  fascial,  should  be  divided.  For  this  purpose,  it  may 
be  necessary  to  increase  the  length  of  the  incision.  The  deep  cervical  fascia  is 
particularly  liable  to  resist  attempts  at  readjustment,  and  it  is  sometimes  nec- 
essary even  to  divide  the  sheath  of  the  carotid  vessels,  a  distinctly  difficult  pro- 
cedure. (See  Figs.  559  and  560.)  Forcible  stretching,  both  by  lateral  bend- 
ing and  by  rotation,  should  be  kept  up  during  the  operation,  as  it  enables  one 
to  locate  the  resisting  structures  and  sometimes  to  accomplish,  with  a  mere  nick 
of  the  knife,  divisions  that  would  otherwise  be  difficult. 
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Care  should  be  taken  to  avoid  wounding  the  external  and  internal  jugular 
veins.  The  former,  as  a  rule,  can  be  seen;  if  not  apparent,  it  may  be  made  so  by 
pressing  backward  with  the  finger  above  the  clavicle  and  just  behind  the  clavic- 
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1.  CrICO-THTROID  MTT8CLE.  26. 

2.  Inferior  constrictor  xtrsCLK.  27. 

3.  Pharynx.  28. 

4.  Cricoid  cartilage.  29. 
6.  Vocal  cord.  30. 

6.  Thyro-arytenoid  MpscLE.  :U. 

7.  Thyroid  cartilage.  32. 

8.  Glottis.  33. 

9.  Layers  of  deep  cervical  tascia.  84. 

10.  Sterjjo-hyoid  muscle.  35. 

11.  Omohyoid  muscle.  36. 

12.  Sterno-thyroid  muscls.  37. 

13.  Cervical  fascia.  38. 

14.  Thyroid  body.  39. 

15.  Common  carotid  artery.  40. 

16.  Descendens  hypo};lossi  nerve.  41. 

17.  Sterno-mastoid  muscle.  42. 

18.  Internal  jugular  vein.  43. 

19.  Pneumogastric  nerve.  44. 

20.  Sympathetic  nerve.  45. 

21.  Carotid  sheath.  46. 

22.  Phrenic  nerve.  47. 

23.  I.ONOU3  colli  muscle.  48. 

24.  Rectus  capitis  anticus  major.  49. 

25.  Scalenus  ajjticus.  50. 
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Fig.  560. — Transverse  Section  of  the  Neck.  Between  the  Fourth  and  Fifth  Cers-ical  Vertebrae, 
Showing  the  Deep  Cervical  Fascia,  particularly  in  relation  to  the  sterno-mastoid  and  the  sheath  of  the 
vessels.     (Cxmningham.) 

ular  origin  of  the  muscle.  The  deep  or  internal  jugular  is  separated  from  the 
muscle  by  the  deep  fascia,  and  with  reasonable  care  it  can  be  avoided.  Wounds 
of  this  vessel  made  dm*ing  tenotomy  have  resulted  fatally.  Keetley  recom- 
mends, for  the  control  of  a  punctured  wound  of   the  internal  jugular,  a  com- 
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press  soaked  in  bichloride  solution,  but  a  lateral  or  partial  ligature  is  more 
reliable.  Bradford  and  Lovett  relate  a  case  in  which  they  ligated  the  vessel  in 
its  continuity  for  a  wound,  no  ill  results  following. 

The  muscle  has  also  been  divided  in  other  parts  of  its  course,  particularly 
near  its  mastoid  attachment  and  in  the  lower  third.  In  these  situations,  how- 
ever, the  muscle  is  thicker  and  the  wound  is  more  exposed — conditions  distinctly 
disadvantageous.  When  there  is  great  deformity,  particularly  when  there  is 
marked  involvement  of  the  posterior  muscles — i.e.,  posterior  torticollis, — it 
may  be  necessary  to  divide  these.  Division  can  be  performed  by  mak- 
ing  an  incision   backward  from  the  anterior  border  of   the  mastoid  process. 


Fig.  561. — Plaster  Helmet,  a  Retention  Dressing  for  Torticollis.     By  sawing  a  band  out  of  the 
plaster  around  the  neck  a  readjustment  may  be  made  in  the  relations  between  the  two  parts. 


at  such  a  level  that  it  will  be  concealed  by  the  hair,  care  being  taken 
to  avoid  the  facial  nerve.  Bradford  and  Lovett  regard  most  of  these 
muscles  as  too  deeply  placed  and  too  extensively  connected  for  tenotomy, 
and  content  themselves  by  dividing  the  trapezius  and  the  outer  bands 
of  the  anterior  scalenus;  they  overcome  the  remainder  by  force.  Through 
the  above  incision,  however,  it  is  possible  to  divide  without  danger  practically 
all  of  the  lateral  and  posterior  muscles  attached  to  the  occipital  bone — the 
trapezius,  splenius  capitis,  complexus,  and  the  trachelo-mastoid.  The  deepest 
of  these — the  anterior  and  lateral  recti — together  with  those  muscles  which 
are  not  attached  to  the  occipital  bone,  but  act  only  on  the  upper  segment  of  the 
spine,  may  then  be  overcome  by  manipulation. 
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Forcible  attempts  at  correction,  continued  throughout  the  operation,  enable 
one  to  decide  just  which  tissues  may  be  stretched  and  which  should  be  cut. 

The  Mikulicz  operation  for  congenital  torticoUis,  which  consists  of  a  partial  or 
complete  extirpation  of  the  sterno-mastoid,  has  been  warmly  advocated  by  some, 
and  vigorously  condemned  by  others.  The  arguments  advanced  for  the  operation 
by  Hoffa,*  Stumme,t  and  others  are  a  complete  restoration  of  function,  and  the 
fact  that  usually  no  further  orthopedic  treatment  is  needed.  The  arguments 
against  the  operation  are  that  it  is  needlessly  radical  and  conspicuously  mutilating. 
Besides,  as  pointed  out  by  Lorenz,  it  does  not  in  any  way  relieve  other  muscles  in- 
volved, either  those  which  act  on  the  head  and  produce  the  cajnd  obstipum  or 
those  which  are  attached  to  the  cervical  spine  and  produce  the  collum  obstipum. 

Maintenance  of  Reduction. — After  all  resisting  structures  have  been  divided 
the  head  should  be  placed  in  the  overcorrected  position  and  held  there  by  some 
form  of  apparatus.  The  very  best  form  of  the  latter  is  the  plaster  helmet, 
(Fig.  561),  beneath  which  there  should  be  a  copious  supply  of  cotton,  par- 
ticularly around  the  neck.  The  helmet  will  have  to  be  removed  or  else 
it  will  be  necessary  to  open  a  window  in  it  over  the  incision  at  the  proper 
time  for  removing  the  stitches  and  dressing  the  wound.  After  the  latter  has 
healed,  the  helmet  may  be  left  on  for  from  four  to  eight  weeks  or  even  longer, 
depending  on  the  severity  of  the  original  deformity  and  the  success  which  has 
attended  the  operative  part  of  the  treatment.  During  this  period,  by  cutting 
a  ring  out  of  the  plaster  helmet  where  it  surrounds  the  neck,  further  correction 
of  the  deformity  may  be  made  from  time  to  time 
by  a  readjustment  in  the  relations  of  the  two  por- 
tions of  the  helmet.  Until  the  wound  has  com- 
pletely healed,  removable  plaster  splints  may  be 
employed.  These  are  applied  at  the  time  of  oper- 
ation, are  cut  off  as  soon  as  they  have  dried,  and 
being  reapplied  are  held  in  position  by  bandages  or 
adhesive  straps.  Chiene  states  that  in  mild  cases 
it  is  only  necessary  to  place  the  patients  in  bed,  flat 
•on  the  back,  for  ten  days,  the  head  being  support- 
ed with  sand  bags.  In  severer  forms  he  recommends 
the  employment,  for  three  weeks,  of  extension  of  the 

head  by  means  of  a  weight  and  pulley  and  head-  Apparatus  for  Use  in  Torticollis, 
stall.     It  is  doubtful  if  the  former  plan  is  as  com-     ^^'^  '^  applied  after  di^^sioIl 

.  .  .  of    the  sterno-mastoid    muscle. 

lortable,  and  it  is  certainly  not  as  effective,  as  the     (After  chej-ne  and  Burghard.) 
helmet,  while  the  latter  (i.e.,  the  use  of  extension) 

camiot  compare  with  the  helmet  in  efficiency,  since  the  head  can  only  be  ex- 
tended in  a  straight  hne,  and  overcorrection,  either  in  the  direction  of  rotation 
or  in  that  of  lateral  displacement,  is  not  possible.     To  overcome  the  latter  ob- 

*  Centralblatt  fiir  Chirurgie,  27,  1900.  fZeit.  fur  orthopaedische  Chir.,  Bd.  ix.,  Heft  3. 


780 


AMERICAN  PRACTICE  OF  SURGERY. 


jection,  and  where  the  helmet  is  found 
cumbrous,  Bradford  and  Lovett  recom- 
mend securing  the  patient  on  a  gas-pipe 
frame  and  overcorrecting  each  of  the 
deformities  by  light  weights  and  pulleys 
attached  to  the  proper  points  on  the 
patient's  head  by  means  of  adhesive 
plaster.  Another  point  in  favor  of  the 
helmet  is  that  its  use  does  not  confine 
the  patient  to  bed. 

If,  after  the  spHnt  has  been  removed, 
it  be  found  that  the  deformity  has  been 
overcome,  it  will  be  necessary,  in  order 
to  prevent  its  return,  to  institute  sys- 
tematic exercise,  to  employ  massage, 
and  constantly  to  take  advantage  of 
posture.  By  means  of  passive  motion 
the  head  should,  at  least  once  each  day, 
be  overcorrected  to  the  Hmit,  and  in 
some  cases  it  will  be  of  advantage  to 
suspend  the  patient  by  means  of  the 
head-stall  and  tripod  used  in  the  appH- 
cation  of  the  plaster  jacket. 
When  the  deformity  has  not  been  thoroughly  overcome,  the  use  of  the  plaster 

helmet  may  be  continued,  the  deformity  being  corrected  more  and  more  by 

sawing  the  upper  part  of  the  helmet  from  the  lower  and  changing  the  relation 

of  one  to  the  other,  as  already  described. 
Other   lighter    though  less  efficient 

forms  of  apparatus,  apphcable  to  minor 

cases  without  operation   and    to  slight 

deformities  remaining   after  operation, 

are  the  following: — The  Sayre  appara- 
tus,   which   comprises    a  band  around 

the  head,  another  around  the  chest,  the 

two  united  by  one  or  more  elastic  bands 

applied  at  the  points  of  greatest  advan- 
tage (Fig.  562);    the  jury  mast,  which 

may  be  supported  either  by  a  plaster 

jacket  or  by  posterior  padded  braces  held 

to  the  body  by  means  of  straps  (Fig.  563) ; 

and  the  apparatus  of  Buckminster  Brown      _,     _.     .         ^     ,     *u    *<•*    x     .    „♦ 

'  '  Fig.  564. — Apparatus  for  the  After-treatment 

(Figs.  573,  574,  and  575),  which  consists  of  Torticollis.     (After  Tillmanns.) 


Fig.  563. — Sayre's  (Dr.  Reginald)  Retention 
Apparatus  for  Torticollis. 
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of  a  suitably  covered  ^^ire  collar  around  the  neck,  a  ]jlate  under  the  chin 
arranged  to  overcome  rotr.tion,  and  a  pad  behind  the  ear  to  overcome  the 
lateral  inclination  of  the  head,  the  whole  being  attached  to  a  ring  which  rests 
on  the  shoulders  and  wliich  is  connected  to  arms  that  pass  down  the  back 
and  are  fastened  to  the  body  by  means  of  straps.  An  even  simpler  dressing 
is  that  of  Little,  which  consists  of  a  band  of  adhesive  plaster  passed  around 
the  chest  and  another  passed  arbimd  the  head,  the  two  being  united  in  the 
way  which  best  overcomes  the  deformity  and  gives  the  firmest  support — as 
by  means  of  bandages  or  rubber  bands. 


ACQUIRED  TORTICOLLIS. 

Acquired  torticollis,  as  already  stated,  is  an  affection  due  either  to 
an  injury  or  to  disease  of  some  of  the  structures  of  the  neck,  which 
produces  irritation  of  the  peripheral  nerves,  active  contraction  of  one 
or  more  of  the  muscles  of  the  neck,  and — as  a   result   of   such  contraction 


Fig.  565. — Torticollis  Acquired  from  Inflamed  Cer\-ical  Ljinph  Nodes.     (Author's  case.) 


— the  characteristic  deformity  or  some  variation  therefrom.  (Fig.  565.) 
It  is,  as  a  rule,  painful,  while  congenital  torticollis  is  painless — a  differ- 
ence due,  in  part  at  least,  to  the  fact  that  the  former  is  usually  observed 
in  the  acute  stage,  the  latter  in  the  chronic.    Acquired  torticolUs  may  be  acute 
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or  chronic.  In  the  acute  form  the  causative  factors  are  active,  the  muscular 
contractions  are  tonic,  and  there  is  pain;  in  the  chronic  form  the  inflammation, 
or  the  disturbance  caused  by  the  injury,  has  subsided,  the  irritation  of  the  nerves 
has  disappeared,  and  the  deformity  has  become  permanent,  due  to  a  shortening 
of  the  muscles,  fasciae,  or  some  of  the  other  structures  of  the  neck.  Acquired  torti- 
collis also  embraces  the  irregular  forms  (paralytic,  ocular,  psychical)  and  the  spas- 
modic variety,  but  the  latter  bears  little  resemblance  to  the  other  forms  and 
will,  therefore,  with  the  irregular  forms,  receive  separate  consideration. 

Etiology  of  Acute  Torticollis. — A  majority  of  the  cases  are  spastic  and  are 
produced  by  infection  followed  by  inflanmiation  affecting  one  or  more  of  the 
structures  of  the  neck.  In  fifty-five  of  two  hundred  and  twelve  cases  (reported 
by  Whitman  from  the  Records  of  the  Hospital  for  Ruptured  and  Crippled),  the 
cervical  lymph  nodes  were  suppurating  or  enlarged.  According  to  Chiene  an 
ordinary  septic  involvement  of  these  nodes  is  more  likely  to  cause  torticollis 
than  a  tuberculous  invasion.  Infection  of  the  mucous  m?mbrane  of  the  pharynx 
or  naso-pharynx,  such  as  occurs  in  the  course  of  a  tonsillitis  or  a  pharyngitis, 
bears  often  an  etiological  relation  to  torticollis,  and  scarlet  fever,  diphtheria,  and 
measles  have  similar  relations  probably  because  of  their  local  effects  on  the 
same  membrane.  Other  inflammations  which  have  been  noted  as  causative  are 
cellulitis  of  the  neck,  otitis,  mastoiditis,  and  parotitis. 

Injury  of  the  neck,  whether  direct  or  indirect,  such  as  strains,  hsematomata, 
etc.,  are  important  causative  factors;  they  produce,  according  to  Whitman's 
table,  thirty-five  cases  out  of  two  hundred  and  twelve.  It  nmst  be  observed 
that  the  vast  majority  of  such  injuries  recover  without  producing  torticollis. 
Rarely,  a  dislocation  of  the  upper  cervical  vertebra  may  cause  torticollis. 

Rheumatism  of  the  muscle  following  exposure  to  cold — the  ordinary  stiff 
neck — produces  a  relatively  large  proportion  of  mild  acute  cases,  which  soon 
yield  to  treatment.   In  these  cases  the  action  on  the  muscle  is  probably  direct. 

Sometimes  the  affection  is  preceded  by  earache,  toothache,  neuralgia  of  the 
spinal  accessory,  brachial  plexus,  etc.  Such  a  sequence  can  probably  be  ex- 
plained on  anatomical  grounds,  viz.,  by  the  nerve  communications  in  this  region. 
Constitutional  conditions  which  have  been  noted  as  causative  in  a  small  number 
of  cases  in  the  tables  referred  to,  are  syphilis,  vaccinia,  rachitis,  and  malaria. 
The  effects  of  the  first  two  are  probably  local,  syphihs  producing  gummatous 
changes  in  the  muscle,  vaccinia  a  local  irritation  of  the  superficial  cervical  nerves; 
even  the  influence  of  rachitis  might  be  explained  on  local  grounds.  It  is  diffi- 
cult, however,  to  trace  the  relationship  of  malaria. 

Contracting  cicatrices,  such  as  follow  burns,  produce  torticollis  in  the  same 
way  as  contraction  of  fibrous  tissue  following  inflammation  or  injury  produces 
deformities  in  other  parts  of  the  body. 

Cervical  Pott's  disease  is  considered  by  some  authors  to  be  a  cause  of  torti- 
collis.   In  such  a  case  the  wry-neck  should  be  regarded  as  merely  a  symptom. 
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A  distortion  of  the  neck  somewhat  resembUng  torticollis  may  be  compensatory- 
following  a  primary  curve  in  the  dorsal  region. 

A  small  proportion  of  cases  occur  in  combination  with  chorea,  epilepsy, 
hysteria,  meningitis,  hemiplegia,  etc. 

In  many  cases,  it  must  be  remembered,  the  patients  are  of  a  neurotic  tem- 
perament— a  predisposing  condition  which  explains  why  similar  causes,  oper- 
ating in  different  subjects,  produce  only  a  limited  number  of  cases  of  torti- 
collis. 

Other  forms  which  only  need  to  be  mentioned  are  the  "  voluntary-habit  tor- 
ticollis," which  is  physiological,  and  the  "occupation  torticollis,"  in  which  the 
patient   is   compelled    habitually   to   overuse  one 
sterno-mastoid,  disturbing  the  balance.     These  va- 
rieties are  akin  to  occupation  spasm. 

Pathology. — The  pathology-  of  the  acute  cases  is 
largely  the  pathology  of  the  underlying  cause. 
When  an  inflammation  involves  the  muscle,  its 
effect  is  in  a  measure  direct.  More  remote  causes 
produce  a  reflex  spasm  of  the  muscles  by  producing 
an  irritation  of  the  peripheral  nerves,  and  this  is 
particularly  so  in  cases  produced  by  irritation  of 
the  mucous  membrane.  In  the  chronic  stage,  the 
pathology  is  the  same  as  that  found  in  the  con- 
genital variety;  that  is,  there  is  a  shortening  of 
the  muscles  and  fascia  due  to  the  contracting  of 
the  fibrous  tissue  which  has  replaced  both  of  these 
structures. 

Sjnnptomatology. — The  most  important  symp- 
tom of  a  typical  case  of  acute  torticollis  is  a 
distortion  of  the  neck  similar  to  that  pro- 
duced in  congenital  torticollis  by  shortening  of 
the  sterno-mastoid  muscle.  In  the  acute  form, 
however,  there  is  likely  to  be  a  wider  involvement 
of  muscles  than  in  the  congenital.  To  be  con- 
sidered are:  The  number  and  grouping  of  the 
muscles  involved,  the  variety  and  degree  of  the 
underlying  inflammation  or  disease,  and  the  onset,  course,  and  duration  of 
the  affection. 

Deformity. — The  most  frequent  combination  of  muscles  is  the  sterno-mastoid 
with  the  trapezius  of  the  same  side,  the  latter  accentuating  the  deformity  pro- 
duced by  the  former.  Less  frequently  the  posterior  muscles  of  one  side  are 
involved  alone,  in  which  case  rotation  is  marked,  but  there  is  more  backward 
displacement  of  the  head.     Rarer  combinations  are,  bilateral   involvement  of 


Fig.  566.— a  Case  of  Retrocol- 
lis  Due  to  Low  Dorsal  Pott's 
Disease.  (Copied  from  a  photo- 
graph belonging  to  the  collection 
of  Dr.  Reginald  Saj-re.) 


784 


AMERICAN  PRACTICE  OF  SURGERY. 


Fig.  567. — Torticollis,  a  Symptom  of 
Tuberculous  Disease  of  the  Second 
Cervical  Vertebra.  (From  the  collec- 
tion of  Dr.  Reginald  Sayre.) 


the  sterno-mastoids,  of  the  trapezii,  or  of  both  anterior  and  posterior  groups. 
Although  several  groups  may  be  involved,   usually  one  muscle,  or  one  group, 

is  affected  to  a  greater  degree  than  the  others. 
According  to  some,  the  small  muscles  acting 
directly  on  the  upper  portion  of  the  cervical 
spine  may  tilt  the  head  forward  without  ro- 
tation, and  with  little  lateral  displacement, 
the  deformity  produced  resembhng  that  found 
in  cervical  Pott's  disease. 

.  Pain  is  a  constant  symptom. '  It  varies 
in  intensity  for  obvious  reasons,  and  is  ag- 
gravated by  any  attempt  to  stretch  the  mus- 
cles or  to  correct  the  deformity.  The  patients 
are  irritable,  partly  as  a  result  of  the  discom- 
fort; and  partly  by  reason  of  the  underlying 
cause,  and  many  of  them  prefer  sleeping  in 
a  chair  to  attempting  the  almost  hopeless  task 
of  composing  themselves  comfortably  in  bed. 

Tlie  onset  of  the  disease  may  be  gradual  or 
sudden;  its  duration  varies  largely  in  accord- 
ance with  the  cause.  In  mild  cases,  particularly  the  rheumatic,  or  in  those 
due  to  slight  injury,  the  duration  may  be  short.  In  the  severer  forms,  particu- 
larly those  dependent  on  inflammatory  processes, 
the  disease  lasts  for  weeks,  even  for  months,  and 
after  the  subsidence  of  the  pain  and  spasm  there 
remains  deformity  due  to  the  shortening  of  mus- 
cles and  fascia.  Even  in  the  severe  forms  the 
course  of  the  disease  may  be  modified  by  appro- 
priate treatment. 

Diagnosis. — Here  the  diagnosis  is  based  on 
the  usually  sudden  onset,  the  deformity,  the  ap- 
parent spasm  of  muscle  or  muscles,  the  freedom 
of  motion  in  all  directions  except  those  controlled 
by  the  affected  muscles,  and  the  presence  of  pain, 
which  is  increased  by  tension  and  lessened  by  re- 
laxation. The  condition  must  be  carefully  differ- 
entiated from  Pott's  disease,  which  is  character- 
ized by  a  slow  onset  preceded  by  stiffness,  and  by 
pain  which  is  lessened  by  extending  the  spine,  but 
is  increased  by  any  attempt  at  rotation,  by  jarring, 
or  by  pressing  the  head  downward.  In  Pott's 
disease,  too,  the  distortion  is  not  typical,  and  there 


Fig.  568.— Bilateral  Contraction 
of  the  Sterno-mastoids  and  Trapezii 
Muscles.  (From  Whitman's  "  Or- 
thopedic Surgery,"  Lea  Bros.  & 
Company,  Philadelphia,  1901.) 
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may  be  an  e\4dent  deformity  and  tenderness  of  the  vertebrae.  Rheumatic  aflfec- 
tions  of  the  atlo-axoid  joint,  or  an  arthritis  due  to  an  acute  infection,  may 
be  mistaken  for  an  acute  torticollis,  and  the  differentiation  will  dej^end  on  the 
history  of  the  case  and  on  the  fact  that,  m  the  latter,  the  deformity  is  not  typi- 
cal, the  muscles  on  all  sides  uniting  to  restrict  the  mo\-ements.  The  use  of  the 
x-ray  will  l^  found  most  valuable  in  diagnosis. 

A  case  of  acute  torticollis,  which  has  subsided  unobserved  into  the  chronic 
stage,  can  often  not  be  differentiated  from  the  congenital  form. 

Prognosis. — In  acute  torticollis  the  prognosis  depends  on  the  treatment  of  the 
imderh-ing  cause.  For  example,  when  the  condition  is  due  to  suppurating  lymph 
nodes  it  will  disappear  with  proi^er  drainage  and  healing  of  these  stmctures; 


Fig.  569.  Fig.  570. 


Fig.  569. — Bratz's  Retention  Splint  for  Torticollis;   Posterior  View. 
Fig.  570. — Bratz's  Retention  Splint  for  Torticollis;    Anterior  View. 

ordinary  stiff  neck  due  to  rheumatism  commonly  disapj^ears  in  a  few  days; 
now  and  then  neglected  cases  due  to  muscular  inflammation — .so-caUed  idio- 
pathic wry-neck — may  become  chronic. 

Treatment.— In  the  ordinary  "stiff  neck"  the  most  effective  treatment  is 
rest,  with  the  application  of  Uniments,  hot  fomentations,  etc.  For  the  purpose 
of  limiting  motion  a  collar  made  of  a  copious  supply  of  cotton  wound  around  the 
neck,  and  covered  \Nith  several  thicknesses  of  adhesive  plaster,  is  effective.  In- 
stead of  the  adhesive  plaster,  spUnts  of  moulded  felt  or  other  similar  material 
may  be  employed.  (Fig.  564.)  If  there  is  a  rheumatic  element,  saUcylates 
should  be  administered.  If  the  pain  is  severe,  particularly  in  cases  apparently 
due  to  the  effects  of  cold,  a  Dover's  powder  may  be  given,  and  some  form  of  local 
sedative  may  be  appHed. 
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In  cases  which  are  characterized  by  acute  spasms  the  first  consideration  is 
to  remove  the  cause.  If  there  are  suppurating  lymph  nodes,  these  should  be 
drained;  if  the  nodes  are  the  seat  of  tuberculosis,  proper  hygienic  measures 
should  be  adopted;  if  the  irritation  comes  from  the  pharyngeal  mucous  mem- 
brane, proper  measures  should  be  taken  to  restore  this  to  a  normal  condition.  To 
relieve  pain  and  to  prevent  the  occurrence  of  deformity  or  to  arrest  its  increase 
if  it  is  already  present,  the  head  should  be  supported  by  a  helmet,  a  jury  mast,  or 
some  form  of  collar.  After  the  acute  symptoms  have  disappeared,  minor  de- 
grees of  deformity  may  be  relieved  by  manipulation,  by  suitable  support,  and 
by  hygenic  measures.  After  the  deformity  has  become  permanent — that  is, 
in  the  chronic  form  of  acquired  torticollis — the  treatment  is  the  same  as  for  the 
congenital  variety. 


SPASMODIC  TORTICOLLIS. 

Spasmodic  torticollis,  or  spasmodic  wry-neck,  is  a  form  of  convulsive  spasm 
of  one  or  more  of  the  muscles  that  move  the  head  upon  the  trunk.  Because 
it  is  frequently  confined  to  the  sterno-mastoid  and  trapezius  muscles,  that  are 
chiefly  innervated  by  the  eleventh  or  spinal  accessory  nerve,  it  is  often  referred 
to  as  "spinal  accessory  spasm."     Where  one  or  both  of  the  muscles   mentioned 


Fig.  571. — Inferior  Surface  of  Occipital  and  Temporal  Bones,  with  the  Muscular  Attachments. 


are  involved,  the  most  characteristic  symptom  is  a  sudden  rotation  of  the  face 
to  the  opposite  side — hence  the  name  "spasmodic  torticollis.'' 

Before  proceeding  to  discuss  this  subject  I  think  it  will  be  of  use  to  give  a 
brief  review  of  the  anatomy  of  some  of  the  structures  concerned.  For  mojo 
complete  information  on  this  division  of  the  subject  the  reader  is  referred  to 
the  text-books  on  anatomy. 

Anatomy. — All  of  the  jnuscles  conceriKnl  in  the  jjroduction  of  spasmotlie 
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torticollis,  except  one — the  inferior  oblique — are  attached  to  the  inferior  surfaces 
of  the  occipital  and  temporal  bones.  (Fig.  571.)  For  convenience  it  is  pro- 
posed to  describe  briefl}'^  the  more  important  of  these  muscles,  the  inferior 
surfaces  of  the  occipital  and  temporal  bones  being  taken  as  a  starting-point,  and 
information  being  supplied  in  regard 
to  their  attachments,  action,  and 
nerve  supply. 

The  sterno-cleido-mastoid  vniscle 
is  attached  to  the  mastoid  process 
by  means  of  a  thick  tendon,  while 
a  thinner  part  constitutes  its  attach- 
ment to  the  outer  half  of  the  su- 
perior curved  line  of  the  occipital 
lx)ne.  Running  dowTiward,  forward, 
and  inward,  it  is  attached  b}'  two 
heads — the  inner,  a  thick,  rounded 
fasciculus,  to  the  anterior  and  upper 
])art  of  the  first  piece  of  the  ster- 
num; the  outer,  much  wider  as  a 
rule,  to  the  inner  third  of  the  clavicle. 
(Fig.  576.) 

Tlie  trapezius  muscle  arises  from 
the  inner  third  of  the  sujjerior  curved 
line  of  the  occipital  bone,  the  ex- 
ternal occipital  protuberance,  the 
ligamentum  nucha;,  the  spinous  proc- 
esses of  the  seventh  cervical  and  all 
the  dorsal  vertebrie,  and  is  inserted 

ito  the  outer  third  of  the  poste- 
rior surface  of  the  clavicle,  the  inner 
)order  of  the  acromion  process,  and  the  su})erior  border  of  the  s])ine  of  the  acap- 
ila.  Tlie  occipital  and  u])per  cervical  fibres,  which  run  downward,  forward, 
md  outward  for  insertion  into  the  cla\'icle,  are  the  only  ones  which  need  to  l^e 
jonsidered  here,  as  these  fibres  alone  can  have  much  influence  hi  the  production 
)f  torticolUs. 

The  splenius  muscle  ansQS  from  the  lower  half  of  the  ligamentum  nuclur  and 
[from  the  spinous  processes  of  the  last  cervical  and  the  upper  six  dorsal  vertebrae. 

lunning  upward  it  divides  into  the  splenius  capitis  and  the  sple?m(s  colli.     The 
former,  the  splenius  capitis  (the  only  part  which  is  important  in  this  connection) 
inserted  into  the  mastoid  jjrocess  and  the  occipital  l)one  beneath  the  sterno- 
^mastoid. 

The  trachelo-mastoid  muscle  arises  from  the  transverse  processes  of  the  five 


Fig.  572. —  Spasmodic  Torticollis,  One  Month 
after  Excision  of  the  Spinal  Accessorj'.  The 
spasms  had  not  entirely  ceased,  after  the  wound 
had  healed,  but  were  controlled  sufficiently  to 
permit  the  taking  of  a  photograph.  A  few  fibres 
of  the  platysma  are  evident  in  the  picture. 
(Author's  case.) 
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or  six  upper  dorsal,  and  from  the  articular  processes  of  the  three  or  four  lower 
cervical  vertebrse  and  is  inserted  into  the  mastoid  process  beneath  the  sple- 
nius  capitis. 

The  rectus  capitis  posticus  major  muscle  arises  from  the  spinous  process  of 
the  axis,  and  is  inserted  into  the  outer  part  of  the  inferior  curved  line  of  the 
occipital  bonje  and  the  surface  immediately  below  it. 

The  obliquus  capitis  inferior  muscle,  as  already  mentioned,  is  not  attached 
to  the  base  of  the  skull.     It  arises  from  the  spinous  process  of  the  axis  and  is 

inserted  into  the  transverse  process  of  the  atlas.  Keen 
believes  it  to  be  one  of  the  most  important  of  the  rota- 
tors because  of  its  favorable  leverage. 

The  other  muscles  are  the  following:  the  com- 
plexus,  attached  above  to  the  innermost  depression 
between  the  two  curved  lines  of  the  occipital  bone, 
below  to  the  articular  processes  of  the  lower  cervical 
and  the  transverse  processes  of  the  upper  dorsal;  the 
rectus  capitis  posticus  minor,  which  lies  parallel  with 
and  internal  to  the  rectus  capitis  posticus  major,  and  is 
attached,  above,  to  the  surface  of  the  skull  beneath  the 
inferior  curved  line  of  the  occipital  bone,  and  below 
to  the  posterior  arch  of  the  atlas ;  the  superior  oblique, 
which  is  attached,  above,  to  the  occipital  bone,  be- 
tween the  two  curved  lines  external  to  the  complexus, 
and  below  to  the  ti'ansversc  process  of  the  atlas;  the 
rectus  capitis  lateralis,  which  unites  the  jugular  process 
of  the  occipital  bone  with  the  transverse  process  of 
the  atlas;  the  rectus  capitis  anticus  major,  which  joins 
the  basilar  process  of  the  occipital  bone  to  the  ante- 
rior surfaces  of  the  transverse  processes  of  the  middle 
three  or  four  cervical  vertebra:' ;  and  the  rectus  capitis  anticus  minor,  which 
connects  the  basilar  process  of  the  occipital  bone  with  the  anterior  surface 
of  the  lateral  mass  of  the  atlas. 

Action. — "  Flexion  and  extension  of  the  head  take  place  chiefly  at  the  occipito- 
atlantoid  articulation;  lateral  movement  and  rotation  at  the  atlanto-axial 
joint."  (Cunningham.)  The  actions  of  the  muscles  on  the  head  and  neck 
are  exceedingly  complex,  and  authorities  do  not  agree  as  to  all  points.  It  may 
facilitate  our  understanding  to  inquire  what  are  the  changes  in  position  produced 
by  the  sterno-mastoid  when  this  alone  is  the  seat  of  spasm — the  most  frequent 
form  of  spasmodic  torticollis, — and  then  to  group  the  muscles  in  accordance 
with  the  extent  to  which  they  promote  or  retard  each  phase  of  the  deformity. 
Sterno-mastoid  muscles. — Authorities  are  not  agreed  as  to  the  action  of 
these    muscles    when  working   as  a    pair,  some   stating  that   they  extend, 


Fio.  573. — Buckminster 
Brown's  Splint  for  Control 
of  Torticollis. 
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others  that  they  flex,  the  head.  The  view  of  the  writer  is  that  their 
faction  will  depend  on  the  position  of  the  head  when  these  muscles  begin 
to  act;  that  is,  that  after  the  head  has  been  carried  forward  beyond  a 
certain  point  by  other  muscles— e.gr.,  the  depressors  and  elevators  of  the 
hyoid  bone— the  sterno-mastoids  will  flex  the  head;  but  that,  if  the  action  of 
the  other  muscles  has  been  to  carry  the  head  backward  for  some  distance, 
the  sterno-mastoids  will  then  act  as  extensors.  "When,  however,  one  muscle 
alone  is  acting,  it  is  practically  agreed' that  the  following  changes  in  position 
take  place;  (a)  The  ear  is  brought  down  to  the  shoulder,  or,  more  correctly 


Fig.  574. 


Fig.  575. 


Fig.  574. — Buckminster  Brown's  Splint  Applied;  Front  View. 
Fig.  575. — Buckminster  Brown's  Splint  Applied;  Posterior  View. 


speaking,  toward  the  clavicle,  of  the  same  side — lateral  bending;  (b)  the  face  is 
turned  to  the  opposite  side — rotation;  (c)  the  chin  is  elevated — extension  at 
the  occipito-atloid  joint;  (d)  the  whole  head  is  displaced  forward  and  the  neck  is 
apparently  shortened — flexion  of  the  cervical  spine. 

Lateral  bending  will  be  strongly  assisted  by  the  upper  fibres  of  the  trapezius, 
by  the  splenius  capitis,  by  the  trachelo-mastoid,  and,  to  a  lesser  and  varying 
degree,  by  all  the  other  muscles  of  the  same  side ;  it  will  be  markedly  opposed 
by  the  sterno-mastoid,  by  the  trapezius,  and  indeed  by  all  the  muscles  of  the  op- 
posite side. 

Rotation  will  be  increased  by  the  upper  fibres  of  the  trapezius  of  the  same 
side,  and  by  the  posterior  rotators,  particularly  the  splenius  capitis,  the  rectus 
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Fig.  576. — The  Triangles  of  the  Neck,  -with  Reference   mainly  to  the  Spinal  Accessory  Nerve. 

(Cunningham.) 


Fig.  577. — Various  Incisions  SEmpIoyed  in  Operations  for  tlie  Relief  of  Spasmodic 
Torticollis.  A,  Horizontal  incision  of  Keen;  B,  vertical  incision  of  Noble  Smith;  CC, 
T-shaped  incision  suggested  by  Author. 
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capitis  posticus  major,  and  the  inferior  oblique  of  the  opposite  side  ;  it  will 
manifestly  be  antagonized  by  the  partners  of  the  muscles  mentioned,  i.e.,  the 
posterior  rotators  of  the  same  side. 

Elevation  of  the  chin — extension  at  the  occipito-atloid  joint — will  be  increased 
hv  those  muscles  on  both  sides  which  are  attached  behind  the  line  of  the  fora- 
men magnum — that  is,  by  practically  all  the  muscles  except  the  two  anterior 
recti,  the  lateral  recti,  and  the  inferior  oblique. 

The  forward  projection  of  the  head  (v^'ith  the  resulting  apparent  shortening  of 
the  neck)  is  largely  due  to  the  action  of  the  sterno-mastoids. 


Pig.  578. — From  a  Dissection  by  the  Author.     Tlie  trapezius  has  been  divided  in  such  a  manner  as 
to  expose  the  great  occipital  ner\'e  as  it  emerges  from  the  complexus  muscle. 


Various  muscles  participate  in  the  spasmodic  action,  the  most  frequent 
Combinations  l^eing  that  of  the  stemo-mastoid  of  one  side  with  the  tra- 
^zius  of  the  same  side  and  the  posterior  rotators — viz.,  the  splenius,  rectus 
japitis  posticus  major,  and  the  inferior  oblique — of  the  opposite  side. 

Tfie  nerve  supphf  of  the  more  important  of   these   muscles   is   as   follows: 

le  sterno-mastoici^  4Hid  the  trapezius  are  chiefly  supplied  by  the  spinal  acces- 

)ry;    in  addition,  branches  from  the  anterior  divisions  of  the  second,  third, 

md  fourth  cer\'ical  nerves  enter  these  muscles,  part  of  their  fibres  joining  the 

[spinal  accessory,  part  going  directly  to  the  muscular  structure.     (The  origin 

)f  the  spinal  accessory  is  well  known;  its  course  will  be  briefly  considered  under 

)perative  Treatment.) 
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Tlie  posterior  muscles,  on  the  other  hand,  are  supphed  by  the  posterior  primary- 
divisions  of  the  cervical  nerves.  (Figs.  578,  579,  and  580.)  The  first  of  these 
emerges  between  the  occiput  and  atlas  and  is  found  beneath  the  complexus  mus- 
cle in  the  suboccipital  triangle,  where  it  hes  below  the  vertebral  artery — that  is, 
between  the  artery  and  the  inferior  oblique  muscle.  It  supplies  nmscular  branches 
to  the  complexus,  the  rectus  capitis  posticus  major  and  minor,  and  the  superior 
and  inferior  oblique.  Ordinarily  the  posterior  primary  divisions  of  the  cervical 
nerves  divide  into  internal,  cutaneous,  and  external  muscular  branches;  the  sub- 
occipital   is  an  exception  to  the  rule,  as  it  gives  no  internal  or  cutaneous 


1 

[  jAt     / 

1 

Fig.  579. —  From  a  Dissection  by  the  Author.    The  trapezius,  splenius  capitis,  and  complexus  liave  been 
divided  in  such  a  manner  as  to  expose  the  inferior  obhque  muscle  and  the  great  occipital  nerve. 


branch.  The  posterior  primary  branch  of  the  second  cervical  emerges  be- 
tween the  atlas  and  the  axis  and  is  then  directed  still  farther  backward 
between  the  inferior  oblique  and  the  semispinaUs  colli.  Beneath  the  com- 
plexus it  gives  off  a  branch  to  the  inferior  oblique  and  then  divides  into  external 
and  internal  branches.  The  external  twig  is  muscular,  being  distributed  to  the 
complexus,  while  the  internal,  much  the  larger  of  the  two,  is  distributed,  under 
the  name  of  the  great  occipital  nerve,  to  the  posterior  part  of  the  scalp.  This 
latter  nerve,  which  is  purely  cutaneous,  serves  as  the  guide  to  its  own  muscular 
branches  and  to  the  neighboring  nerves,  above  and  below,  with  which  it  com- 
municates; it  forms  the  so-called  posterior  cervical  plexus.  The  third  nerve  (pos- 
terior primary  division)  is  nmch  smaller  and  gives  branches  chiefly  to  the  com- 
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plexus,  splenius  capitis,  and  trachelo-r.iastoid  muscles.  The  posterior  primary 
divisions  of  the  lower  cervical  nerves  supj^ly  contiguous  muscles,  and  will  there- 
fore give  a  small  part  of  the  supply  to  the  longer  of  the  posterior  muscles 
described.  Tlie  lateral  and  anterior  recti  are  supplied  by  branches  from  the 
anterior  primary  divisions  of  the  upper  cervical  nerves.  To  sum  up,  the  chief 
supply  of  the  sterno-mastoid  and  trapezius  is  the  spinal  accessory,  while  the 
posterior  muscles  derive  their  nerve  supply  from  the  posterior  primary  divisions 
of  the  upper  three  cervical  nerves.  Excision  of  these  seems  to  be  sufficient  to 
overcome  the  spasm;  and  while  the  nerve  supply  that  remains  does  not  inter- 


FiG.  580. — From  a  Dissection   by  the  Author,  Showfng  the  Posterior  Primary  Divisions  of  the  Three 

Upper  Cervical  Nerves. 


fere  with  the  results  of  the  operation,  its  presence  may  help  to  explain  why  more 
extensive  paralyses  do  not  follow  and  why,  as  has  been  elsewhere  referred  to, 
the  posture  and  movements  of  the  head  are  not  interfered  with,  (According 
to  some  authors,  a  part  of  the  supply  of  the  upper  part  of  the  trapezius  is  also 
derived  from  the  posterior  primary  divisions  of  the  cervical  nerves.) 

Etiology. — Numerous  causes  have  been  adduced,  but  none  determined; 
indeed,  many  of  the  causes  assigned  are  so  vague  and  have  manifestly  so  little 
bearing  on  the  disease  as  to  be  of  small  value.  Cowers  states  that  the  affection 
is  more  common  among  women  than  among  men.  In  this  coimtry,  according 
to  Osier,  the  reverse  is  true.  According  to  AMiitman  the  affection  is  about  evenly 
divided  among  the  sexes.     It  is  a  disease  of  adult  life,  as  showTi  by  the  report 
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of  thirty-two  cases  published  by  Richardson  and  Walton  (Am.  Journ.  Med.  Sc, 
Vol.  CIX.,  page  27,  1895).  These  cases  were  distributed  among  the  various 
decades  thus  :  From  10  to  20  years,  two  cases;  from  20  to  30  years,  six  cases; 
from  30  to  40  years,  fifteen  cases;  from  40  to  50  years,  three  cases;  and  50  to 
60  years,  three  cases.  The  disease  is  said  to  attack  those  of  neurotic  taint,  or 
the  subjects  of" migraine,  neurasthenia,  and  psychoses.  It  also  follows  exposure 
to  cold,  otitis  media,  malaria,  attacks  of  rheumatism  in  the  muscles  of  the  neck, 
and  injuries  to  these  muscles  or  to  the  head.  In  many  cases  defects  of  vision — 
myopia,  hypermetropia,  or  insufficiency  of  the  ocular  muscles  (see  special  forms) 
— have  been  assigned  to  a  place  in  the  etiology.  Starr,  however,  does  not  deem 
these  sufficient  to  originate  the  disease,  and  Richardson  and  "Walton  found 
that  the  rehef  of  these  defects  did  not  cure  the  deformity.  According  to  cer- 
tain wi'iters,  cerebral  palsies  stand  in  a  causal  relation  to  a  small  number  of 
casts  in  which  neck  deformities  are  associated  with  movements  of  eye  or  arm. 
It  must  be  very  rare  indeed  that  the  brain  lesion,  in  a  cerebral  palsy,  is  limited 
to  such  an  area  of  the  cortex  as  to  give  a  typical  case  of  spasmodic  torticollis. 
In  a  certain  number  of  cases  the  affection  appears  to  be  due  to  overaction  of  the 
muscles  and  therefore  related  to  craft-spasm.  Chiene  ("Allbut's  System,"  Vol. 
8,  page  27)  relates  a  case  of  his  own  that  occurred  in  a  tailor  who,  "when  he 
drew  a  stitch  turned  his  head  to  the  right  by  action  of  the  left  sterno-cleido- 
mastoid.  This  muscle  became  involved  in  spasm  and  at  the  same  time  some  of 
the  small  muscles  of  the  hand  were  implicated  to  such  an  extent  that  the  disease 
would  have  been  called  one  of  craft-palsy  had  there  been  no  torticollis."  He 
also  relates  a  case  of  Annandale's  which  resembled  craft -palsy.  In  one  of  the 
writer's  cases,  that  of  an  umbrella  maker,  the  patient's  work  necessitated  turn- 
ning  his  head  constantly  to  the  left,  and  the  muscles  on  the  right  were  involved 
in  spasm  (Fig.  572). 

Pathology. — The  pathology  of  this  disease  is  not  understood.  It  is  agreed 
.that  it  is  not  primarily  a  muscular,  but  a  nervous  disease,  although  no  lesion  has 
been  demonstrated  in  the  tissue.  When  it  is  remembered  how  inextricably  the 
nerve  tissue  is  associated  with  the  other  tissues,  the  difficulty  of  deciding 
whether  an  initial  lesion  is  located  in  the  neurons  or  the  allied  cells  will  be  readily 
conceded.  If  it  be  assumed,  however,  that  the  disease  is  primarily  nervous,  the 
questions  which  present  themselves  are:  (1)  What  is  the  nature  of  the  lesion? 
(2)  Where  in  the  nervous  circuit — sensory  nerves,  motor  nerves,  spinal  reflex 
centres,  or  cortical  centres — is  it  located?  To  these  questions  satisfactory  an- 
swers cannot  now  be  given. 

In  some  cases  the  disease  appears  to  be  reflex,  due  to  irritation  ot  the  sensory 
nerves  of  the  neck,  and  is  i)rcceded  by  neuralgia;  in  others  the  irritant  is  fatigue, 
a  result  of  voluntary  overaction,  and  dependent  upon  a  constrained  attitude 
assumed  because  of  the  patient's  occupation  or  following  some  defect  in  vision. 
Starr  believes  that  the  location  of  the  lesion  is  almost  entirely  cortical,  the 
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irritant  acting  on  those  cortical  centres  which  control  the  movements  of  the  head. 
He  locates  the  resulting  functional  disturbance  in  the  entire  nervous  mechanism 
concerned  in  moving  the  head ;  "  motor  and  sensorj- elements  being  equally  affected 
anil  throwTi  into  a  state  of  h3'pei-sensitiveness,  whereby  slight  sensations  produce 
undue  movements." 

Chiene  suggests  that  the  affection  may  begin  in  the  deep  origin  of  the  spinal 
accessory  and  overflow  through  lines  of  lessened  resistance  to  the  adjacent  nerve 
centres,  and  in  favor  of  this  belief  he  cites  the  following  facts: — that  when, 
in  faradization  of  the  cortex,  electrodes  are  placed  near  together,  limited  spasm 
is  produced:  and  that  when  this  is  repeated  several  times,  or  when  the  current 
is  increa^etl  in  strength,  the  spasm  extends  to  other  muscles  and  may  ultimately 
affect  all  of  one  or  of  both  sides.  The  fact  that,  when  effort  is  made — for  ex- 
ami)le,  in  some  action  that  requires  force  and  at  the  same  time  delicate  ad- 
justment— the  discharge  of  the  cerebral  cortex  normally  spreads  to  contiguous 
centres,  must  not  be  forgotten  in  this  connection.  This  hypothesis  of  a  cortical 
origin  receives  some  support  from  the  following  facts  cited  by  Starr:  (1)  Move- 
ments, in  these  spasms,  are  similar  to  those  produced  by  volition.  For  exam- 
ple, the  eyes  are  turned  toward  the  side  to  which  the  face  is  rotated,  and  the  eye- 
brows are  elevated :  or,  when  the  arm  is  involved,  the  motions  are  such  as  would 
lie  produced  in  a  normal  intUvidual  striving  to  move  the  head  in  a  position  of  ex- 
treme rotation.  Unfortunatel)',  these  arguments  are  weakened  by  the  difficulty 
of  precisely  separating  the  voluntary  and  involuntary  factoi-s.  (2)  In  many  cases 
muscles  on  opposite  sides  of  the  body,  that  are  supplied  by  various  nerves, 
combine  to  produce  the  movement.  Particularly  is  this  the  case  when  the 
sterno-mastoid  and  trapezius  of  one  side  are  assisted  by  the  posterior  rotatoi-s 
of  the  opposite  side.  In  our  present  knowletlge  such  combinations  could  be 
effected  only  through  the  cortex. 

With  reference  to  the  mental  or  neurotic  origin  of  the  disease,  Kollarets 
(Perosi  Hetila,  Nos.  21,  22, 1905)  believes  that  every  case  of  spasmodic  torticol- 
lis is  of  mental  origin  and  a  side  phenomenon  of  hysteria,  which  maj^  exhibit  no 
other  symptoBi,  ajad  in  proof  of  this  he  cites  three  cases  in  all  of  which  there  was 
a  faulty  heredity.  In  the  fii-st,  a  tumor  of  the  head:  in  the  second,  a  paraes- 
thesia  of  the  neck:  and  in  the  third,  a  trauma  of  the  same  region  called  the 
attention  of  the  already  hypochondriacal  patient:  to  the  region  efthe  neck. 
Meige  and  Feindel  (Archives  generates  de  Med.,  1902)  conclude  that  any  num- 
ber of  spastic  states  modified  by  tics,  cramps,  chorea,  myotonia,  etc.,  may  de- 
velop on  the  same  neuropathic  soil  which  has  given  rise  to  mental  \NTy-neck, 
and  that  the  latter  is  only  a  motor  emanation  from  this  psychopathic  basis. 

Because  of  its  bearing  on  the  resemblance  between  certain  cases  of  spasmodic 
torticollis — due  to  overaction  of  certain  muscles — and  cases  of  craft-palsy,  it 
seems  permissible  to  mention  Destarae's  opinion  *  that  torticollis  depends  on  a 

*  Annales  de  Med.  et  de  Chir.,   1902. 
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disturbance  of  muscular  tone,  a  lack  of  muscular  balance.  The  relaxation  of 
spasm  which  follows,  in  some  of  these  cases,  the  support  given  to  the  head  by  even 
one  finger  of  the  patient  is  explained  by  this  authority  in  accordance  with 
Sherrington's  law,  viz.,  that  stimulation  of  a  voluntary  muscle  produces  relaxa- 
tion in  the  antagonist  muscle.  Other  points  of  resemblance  lie  in  the  fact  that 
certain  cases  of  spasmodic  wry-neck  are  caused  or  increased  by  mental  ex- 
citement or  grief,  and  that  the  spasm  is  often  provoked  by  the  consciousness 
of  being  observed.  For  cases  such  as  these  no  sufficient  pathological  basis 
has  been  established.  In  this  connection,  however,  it  is  interesting  to  recall 
to  mind  the  reflections  of  Poore,*  who,  describing  craft-palsies,  points 
out  how  consciousness,  may  interfere  with  and  spoil  certain  complex  auto- 
matic acts. 

These  theories  and  opinions,  while  they  prove  nothing  conclusive  as  to  the 
pathology  of  the  disease,  suggest  very  stj'ongly,  in  the  majority  of  instances  at 
least,  that  not  only  are  the  kinesthetic  areas  of  the  cortex  involved,  but  that 
higher  or  controlling  centres  are  also  implicated;  and  that,  when  the  spasms 
are  terminated  by  the  support  of  a  finger,  it  is  through  the  operation  of  Sherring- 
ton's law,  or  because  control  is  better  exercised  through  unusual  lines  of  asso- 
ciation, or  because  consciousness,  for  the  time  being,  has  been  removed  from 
the  erring  centres. 

Keetley,  on  the  other  hand,  believes  that  traumatism,  middle-ear  disease  (by 
producing  a  chronic  meningitis),  and  exposure  to  cold  and  wet  and  to  mala- 
rious influences  are  more  than  likely  to  be  the  true  causes  of  the  affection. 

Sjnnptoms. — The  most  important  and  distinctive  symptom,  particularly 
in  the  early  typical  cases,  is  a  more  or  less  sudden  spasm  in  either  the  sterno- 
mastoid  or  the  trapezius,  or  in  both — a  spasm  which  jerks  the  head  to  one  side, 
while  at  the  same  time  it  turns  the  face  to  the  opposite  side.  Following  the 
spasm  there  is  an  interval  of  relaxation,  during  w^hich  the  head  is  voluntarily 
returned  to  the  normal  position.  The  spasms  vary  as  to  their  frequency, 
duration,  and  severity,  and  also  as  to  the  particular  muscles,  or  groups  of  muscles, 
which  are  involved;  and  while  these  variations  may  be  observed,  not  only  in 
different  cases,  but  at  different  stages  of  a  given  case,  the  distinctive  features 
remain  the  same. 

This  alternate  spasm  and  relaxation  may  occur  as  often  as  eight  or  ten  times 
to  the  minute,  or  the  spasm  may  occur  more  slowly  and  last  longer.  (Starr.) 
During  the  earlier  stages,  when  the  symi)toms  are  likely  to  be  less  severe,  the 
contraction  may  be  feeble  and  partially  controllable  by  voluntary  effort  or  by 
slight  artificial  support,  and  the  intervals  between  the  spasms  are  long.  Later, 
the  spasms  increase  in  frequency  and  duration  and  become  uncontrollable. 
Finally,  in  the  more  severe  cases,  the  clonic  contractions  become  tonic,  the  head 
is  held  permanently  in  the  faulty  position,  and,  while  occasional  relaxations 
♦Allbut's  System,  1901;  vol.  viii.,  p.  6. 
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may  occur,  a  complete  return  to  normal  is  not  possible,  because  the  muscles 
have  become  more  or  less  shortenetl. 

The  spasm  may  be  increased  by  nervous  excitement,  by  voluntary  effort,  even 
talking,  particularly  by  efforts  directed  to  the  control  of  head  movements,  and, 
in  the  later  stages,  by  any  force  employed  for  their  control;  it  relaxes  during 
sleep,  except  in  very  prolonged  and  severe  cases,  and  often  as  a  result  of  pressure, 
even  very  slight,  applied  to  some  point  of  the  head  or  face.  In  a  case  of  the 
author's  the  sUghtest  pressure  of  the  tip  of  the  patient's  index  finger  applied 
to  the  point  of  the  chin  served  to  bring  a  severe  spasm  under  control. 

Pain  is  not  a  necessary  sj'mptom  of  this  disease.  Occasionally  there  is  a 
soreness  or  stiffness  of  the  overacting  muscles.  Sometimes  the  condition  is 
acutely  painful,  the  pain  being  cramp-like  in  character,  and  perhaps  referred  to 
the  gi'eat  occipital  nerve  or  running  down  the  arm.  Soreness  and  stiffness  of 
the  neck  muscles,  accompanied  by  slight  twitching  of  these  muscles,  may  be  the 
veiy  earliest  symptoms  of  the  disease. 

As  the  muscles  involved  in  spasm  and  the  resulting  deformities  vary,  a 
knowledge  of  the  various  muscles  and  groups  of  muscles  will  help  very  much  to 
understand  the  complex  cases.  The  different  actions  of  the  muscles  having 
already  been  considered,  it  is  necessary  to  repeat  here  only  the  most  prominent 
of  these.  L'sually  the  spasm  begins  in  either  the  sterno-mastoid  or  the  trapezius, 
or  both  these  muscles  are  affected  simultaneously.  \Mien  the  former  muscle  is 
involved,  the  head  is  drawn  downward  toward  the  shoulder  of  the  affected  side 
and  somewhat  forward,  the  chin  is  elevated,  and  the  face  is  turned  to  the  opposite 
side.  Involvement  of  the  trapezius  produces  a  similar  deformity,  the  rotation  and 
tension  becoming  more  marked,  while  the  forward  displacement  is  less  pronoimced. 
When  both  muscles  are  involved,  all  elements  of  the  deformity  are  increased, 
except  the  forward  displacement.  From  the  muscles  just  mentioned  the  spasm 
may  extend  to  the  muscles  of  the  opposite  side  of  the  neck,  particularly  to  the 
deep  rotators — the  splenius  capitis,  the  inferior  obhque,  and  the  rectus  capitis 
posticus  major.  When  this  occurs,  all  the  phases  of  the  deformity  are  increased, 
with  the  possible  exception  of  the  lateral  bending.  Rarely,  corresponding 
muscles  on  opposite  sides  are  involved,  and  when  this  takes  place  the  character- 
istic rotation  is,  of  course,  absent.  Thus,  when  both  sterno-mastoids  are 
involved,  the  chin  is  depressed;  when  both  the  trapezii,  the  head  is  markedly 
dra\Mi  backward  (retrocollic  spasm). 

Involvement  of  the  deep  rotators  on  the  side  of  the  affected  sterno-mastoid 
and  trapezius  would  serve  to  counteract  the  effect  of  the  latter.  In  a  long-con- 
tinued case  the  muscles  of  the  face,  chest,  arm,  ^nd  back  may  become  involved. 

There  is  no  change  in  the  electrical  reaction  of  the  muscles.  The}'  become 
hypertrophied,  however,  from  constant  overaction  and  ultimately  diminish  in 
length,  producing  more  or  less  deformity.  Antagonist  muscles,  through  their 
constant  voluntary  efforts  to  control  the  movements,  also  become  hj^Dertrophied, 
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and,  as  a  result,  the  eircunifcrcncc  of  the  neck  is  fre(}iiently  greatly  increased. 
Spinal  curvature,  with  the  convexity  toward  the  sound  side,  often  develops  as  a 
result  of  the  contraction  and  shortening,  and  a  second  compensatory  curve  may 
and  sometimes  does  occur,  lower  down. 

The  course  of  the  disease  varies.  Its  onset  is  usually  gradual,  the  spasms  in- 
creasing in  frequency,  intensity,  and  duration.  Occasionally  the  attacks  diminish 
gradually  and  eventually  cease.  Recurrences  are  liable  to  take  place,  even  in  the 
mild  cases;  they  are  almost  certain  in  the  severe  ones,  and  may  continue  for 
the  remainder  of  the  patient's  life.  Spontaneous  recovery  is  rare.  The  disease 
is  not  attended  by  convulsions  or  cortical  epilepsy.  (Starr.)  A  frequent 
complication  is  hysterical  agitation,  due  in  some  degree  perhaps  to  the  fact 
that  the  patients  are  neurotic. 

Diagnosis. — The  ordinary  case  is  recognized  with  little  difficulty.  Gowers 
states  that  cases  occurring  in  women  under  thirty  arc  particularly  liable  to 
be  of  hysterical  origin.  In  such  cases  the  spasm  usually  extends  from  the 
neck  to  the  trunk,  and  the  diagnosis  is  confirmed  by  other  symptoms  of  hysteria. 
Chiene  points  out  that  most  of  the  cures  effected  without  a  resort  to  neurectomy 
have  been  performed  in  females  under  thirty,  which  fact  suggests  strongly,  ac- 
cording to  this  author,  their  probable  hysterical  origin.  To  decide  on  the  par- 
ticular muscle  involved  in  a  given  case  is  not  always  easy.  In  this,  great  aid 
will  be  afforded  by  adding,  to  an  analysis  of  the  deformity,  inspection  and 
palpation  of  the  muscles. 

Treatment. — The  treatment  of  spasmodic  torticollis  is  unsatisfactory,  because 
so  little  is  known  of  the  pathology  and  etiology  of  the  disease.  It  may  be 
divided  into  medicinal,  mechanical,  and  operative. 

Medicinal  Treatment. — Most  writers  agree  that  treatment  by  drugs  is 
nearly  useless.  Osier  says  that  temporary  relief  is  sometimes  obtained,  but 
that  a  permanent  cure  is  exceptional.  Nevertheless,  in  the  early  and  less  severe 
cases  it  may  be  worth  while  trying  some  of  the  various  nerve  tonics,  hypnotics, 
or  narcotics.  Of  these  a  suggestively  long  list  has  been  recommended,  among 
which  may  be  mentioned:  arsenic,  phenacetin,  quinine,  the  bromides,  chloral, 
assafcetida,  valerianate  of  zinc,  cannabis  indica,  tincture  of  belladonna,  atropine, 
and  morphine.  Tincture  of  belladonna  in  physiological  doses  is  praised  by 
Starr,  and,  according  to  the  same  author,  atropine  injected  into  the  affected 
muscles  has,  in  some  cases,  given  relief.  Morphine  should  be  given  with  great 
caution  because  circumstances  arc  here  most  favorable  toward  ac(juiring  the 
morphine  habit.  Counter-irritation  by  cautery  or  blister  is  lauded  by  some  and 
dismissed  as  useless  by  others — a  diversity  of  opinion  which  is  held  concerning 
most  of  the  remedies  mentioned. 

In  a  case  of  Dr.  Poore's,  quoted  by  Chiene,  the  patient  sufferetl  fi-om  a  marked 
form  of  torticollis,  had  suffered  earlier  from  syphilis,  and  was  cured  of  the 
torticollis  by  mercury.    This  indicates  that,  in  all  cases,  means  should  be  directed 
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to  the  cure  of  any  specific  or  constitutional  affection.    Appropriate  hygienic 
measures,  too,  shoukl  always  be  adopted. 

Mechanical  Treat:^iext. — Mechanical  treatment  embraces  electricity,  mas- 
sage, and  any  form  of  support.  The  use  of  electricity  is  empirical,  as  there  is 
probably  no  disease  of  either  muscle  or  nerve  on  the  affected  side.  Electricity 
applied  to  the  muscles  of  the  opposite  side,  in  the  hope  of  strengthening  them, 
is  also  useless,  as  the  disease  is  not  due  to  weakness  of  the  opposing  muscles; 
and,  further,  not  even  the  strongest  voluntary  contraction  is  sufficient  to  over- 
come the  spasm.  (Starr.)  If  used,  as  it  may  be,  in  the  less  severe  cases,  or 
as  a  preliminary  treatment,  it  should  be  applied  in  the  form  of  galvanism  to  the 
affected,  in  that  of  faradism  to  the  sound,  side. 

Massage  is  recommended  only  in  the  early  mild  cases.  Mechanical  supports 
are  highly  commended  by  some  writers,  and  they  may  be  devised  to  suit  the  par- 
ticular case.  (See  Figs.  561  to  564;  also  Figs.  569,  570,  573,  574,  575.) 
Thus,  Cheyne  made  use  of  a  photographer's  head-rest  attached  by  an 
iron  rod  to  a  poroplastic  band  around  the  chest.  The  head  was  not  fixed  to 
the  rest,  but  the  latter  was  so  arranged  that  the  patient  could  bring  his 
head  against  the  rest  whenever  he  chose.  A  simple  form  consists  of  a  band 
aroiuid  the  head  and  another  around  the  chest,  the  two  being  connected  by 
means  of  rigid  or  clastic  bands  at  whatever  points  desired.  An  even  simpler 
support  may  be  constructed  from  rubber  bands  attached  to  the  skin  by  ad- 
hesive plaster.  The  value  of  support  is  based  on  the  observation  that  many 
])atients  can,  by  the  merest  pressure  of  the  finger  against  the  chin,  control  the 
spasms.  Chienc  believes  that  mechanical  supports  are  but  makeshifts,  and 
calls  attention  to  the  fact  that  none  is  ever  as  effective  as  the  patient's  finger. 
There  can  be  no  doubt,  however,  that  in  exceptional  cases,  particularly  in  the 
less  severe,  supports  are  capable  of  gi\'ing  a  great  deal  of  comfort. 

I  To  sum  up,  it  may  be  statetl  that  only  in  the  early  and  less  severe  forms 
can  much  be  hoped  for  from  medicinal  and  mechanical  treatment.  Even  here 
the  benefits  are  often  only  tcmporarj'.  Nevertheless,  in  these  cases,  as  in  all 
others,  any  source  of  mental  anxiety  should  be  removed  and  predisposing 
occupations  avoitled,  and,  if  there  is  a  neurotic  element,  treatment  should  be 
directed  against  this.  Massage,  combined  with  carefully  regulatetl  exercises  and 
sometimes  mechanical  support,  may,  in  the  milder  cases  referred  to,  be  of  some 
service ;  in  the  severe  forms  they  are  likely  to  be  wholly  unavailing.  Richardson 
and  Walton  state  that  it  is  their  practice  in  nearly  all  cases  to  recommend  mas- 
sage and  hygienic  measures  only  until  the  patient  is  reconciled  to  operation. 

Operative  Treatment. — Reports  of  successful  cases,  in  recent  years,  have 
established  the  value  of  operative  measures  beyond  a  doubt.  In  all  severe, 
well-marked  cases,  it  offers  the  only  hope — in  many  it  effects  a  cure.  The  various 
operations  recommended  at  different  times  b}-  one  or  another  operator  are  as 
follows : 
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(a)  Tenotomy.  This  operation  may  be  dismissed  with  the  brief  statement 
that,  once  repair  has  taken  place,  the  spasms  return. 

(b)  Neurotomy.  The  same  criticism  may  be  applied  to  this.  Once  the  nerve 
regenerates,  the  spasms  occur.  As  a  matter  of  course  such  recurrence  may  be, 
and  is  usually,  longer  delayed  than  when  the  muscle  is  cut,  and  for  obvious 
reasons. 

(c)  Neurcchmy.  Of  all  methods  this  alone  offers  the  most  reasonable  hope, 
and  only  in  very  recent  times  has  its  worth  been  established. 

(d)  Muscle  section  (Kocher's  operation). 

Most  authors  agree  that  the  first  operation  to  be  undertaken  is  neu- 
rectomy of  the  eleventh  nerve — the  spinal  accessory.  This  nerve,  as  is 
well  know^n,  does  not  supply  all  of  the  sterno-mastoid  and  trapezius; 
branches  from  the  second,  third,  and  fourth  cervical  going  to  both  of 
these  muscles;  and,  in  addition,  muscular  branches  from  the  posterior  pri- 
mary divisions  of  the  cervical  nerves  are  supplied  to  the  trapezius.  The 
bulk  of  the  supply  to  the  sterno-mastoid,  and  to  the  upper  fibres  of  the 
trapezius,  is  furnished,  however,  by  the  spinal  accessory.  As  a  matter  of  ob- 
servation, it  has  been  established  that  neurectomy  of  the  eleventh  appears  to  be 
effective  not  only  when  the  sterno-mastoid  and  trapezius  are  involved,  but  also 
where  the  spasm  has  already  extended  to  other  muscles — for  example,  the  pos- 
terior rotators.  If,  after  neurectomy  of  the  eleventh,  the  spasms  remain,  or  if, 
after  a  period  of  improvement,  they  return,  the  nerve  supply  of  the  posterior 
rotators — that  is,  the  posterior  primary  divisions  of  the  three  or  four  upper  cer- 
vical nerves — should  be  cut;  and,  in  the  event  of  contraction  of  the  muscles 
having  taken  place,  the  muscles  themselves  should  also  be  cut  across.  "When, 
however,  there  is  evidence  of  extensive  and  well-marked  involvement  of  the 
posterior  muscles,  prompt  interference  with  their  nerve  supply  is  justifiable,  and 
when  the  spasm  is  confined  to  these  muscles — retrocollic  spasm — it  may  be  the 
only  operation  required. 

Operations  on  the  Trunk  of  the  Spinal  Accessory  Nerve  at  the  Point  where  it 
Emerges  from  the  Jugular  Foramen,  along  with  the  Pneumogastric.  (Fig.  576.) — 
The  spinal  portion  of  the  spinal  accessory  nerve,  the  only  part  that  concerns  us  here, 
lies  in  the  upper  part  of  the  neck,  between  the  internal  carotid  artery  and  the  inter- 
nal jugular  vein.  After  it  leaves  these  it  runs  obliquely  downward  and  outward, 
usually  in  front,  or  occasionally  behind,  the  vein.  Descending  beneath  the  sterno- 
mastoid  for  nearly  an  inch,  it  enters  the  deep  aspect  of  this  muscle  about  one 
inch  and  a  half  (sometimes  as  much  as  two  inches,  according  to  Gray)  below  the 
tip  of  the  mastoid  process.  Piercing  the  muscle  it  supplies  it  and,  emerging  from 
the  middle  of  its  posterior  border,  continues  across  the  posterior  triangle  of  the 
neck  and  is  finally  distributed  to  the  deep  aspect  of  the  trapezius.  In  the  sterno- 
mastoid  the  nerve  is  joined  by  branches  from  the  second,  in  the  posterior  triangle 
by  branches  from  the  third  and  fourtli  cervical  nerves. 
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Guides. — The  linear  guide  is  a  line  from  midway  between  the  angle  of  the 
jaw  and  the  tip  of  the  mastoid  process  to  the  middle  of  the  posterior  border 
of  the  sterno-mastoid,  thence,  continuing  in  the  same  direction,  across  the  poste- 
rior triangle.  The  deeper  guides  are  the  posterior  belly  of  the  digastric,  the  inter- 
nal jugular  vein,  and  the  transverse  process  of  the  atlas,  which  is  felt  midway 
between  the  tip  of  the  mastoid  and  the  angle  of  the  jaw. 

An  incision,  from  two  to  three  inches  in  length,  and  with  its  centre 
about  opposite  the  angle  of  the  jaw,  should  be  made  along  the  anterior 
edge  of  the  sterno-cleido-mastoid  muscle,  as  the  nerve  usually  enters  the 
muscle  at  about  this  level.  The  edge  of  the  muscle  is  first  exposed  and 
then  its  deep  aspect,  the  whole  muscle  being  turned  outward  so  as  to  expose 
the  deeper  guides.  The  transverse  process  of  the  atlas  is  easily  exposed  and 
recognized.  In  front  of  this,  running  dowTiward  and  forward,  is  the  posterior 
belly  of  the  digastric.  Behind  the  digastric,  and  more  deeply  placed,  are  the 
great  vessels.  At  this  level  the  spinal  accessory  emerges  from  beneath  the 
digastric.  According  to  E.  Eliot,  Jr.  (Annals  of  Surgery,  May,  1895),  the  nerve 
has  the  following  relations  to  the  transverse  process  of  the  atlas:  "Never 
above  it,  sometimes  directly  over  it,  usually  a  fraction  of  an  inch  in  front  of  its 
most  prominent  part."  From  this  point  to  its  entrance  into  the  belly  of  the 
muscle  the  nerve  may  be  isolated  \^ith  safety  and  without  difficulty.  A  segment, 
from  three-quarters  of  an  inch  to  an  inch  in  length,  should  be  excised.  If 
the  nerve  is  not  readily  found,  Richardson  suggests  drawing  the  finger  nail 
firmly  across  the  bottom  of  the  wound,  as  such  pressure  upon  the  nerve  causes 
the  muscles  to  contract.  This  nerve  is  frequently  exposed  during  dissections 
for  the  removal  of  the  deep  lymph  nodes,  and  it  may  always  be  identified  by 
slightly  irritating  the  nerve  by  forceps  or  the  handle  of  a  scalpel,  care  being 
taken  to  observe  accurately  the  first  contraction,  as  a  second  may  not  occur  for 
some  time.  If  the  sterno-mastoid  has  become  shortened,  it  may  be  divided,  as 
in  congenital  torticolMs. 

The  wound  is  closed  in  the  usual  manner.  After  the  operation,  spasm  ceases 
in  the  sterno-mastoid,  although  it  may  remain  in  ether  muscles.  Often,  after 
the  lapse  of  a  few  days,  spasm  in  these  muscles  also  ceases.  Fixation  of  the  head 
is  not  necessary,  according  to  Whitman,  who  also  advises  that  the  operation 
be  supplemented  by  massage  ^nd  muscle  training.  Chiene  calls  attention  to  the 
paralysis  which  may  ensue,  but  states  that,  although  spasms  cease,  the  power 
of  the  muscles  is  soon  regained  through  their  cervical  nerve  supply.  This,  he 
adds,  may  be  hastened  by  the  employment  of  galvanism  and  massage. 

Following  this  operation,  spasm  may  continue  in  the  posterior  muscles  of  the 
same  or  the  opposite  side,  usually  the  latter,  or  spasm  may  spread  to  these 
muscles  for  the  first  time.  It  then  becomes  necessary  to  excise  the  posterior 
primary  divisions  of  the  three  or  four  upper  cervical  nerves.  The  dissection 
has  to  be  made  at  a  considerable  depth,  and  the  operation  is,  for  this  reason, 
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rather  difficult.  A  good  light  and  careful  recognition  of  the  structures  at  each 
step  arc  matters  of  importance.  There  are  two  operations — Noble  Smith's  and 
Keen's.     (Figs.  577,  578,  579,  and  580.) 

Smith  operates  through  a  vertical  incision  which  is  three  inches  long  (Fig. 
577)  and  which  runs  downward  from  the  level  of  the  external  occipital  protuber- 
ance, parallel  to  and  one  inch  from  the  spinous  processes.  In  his  first  reported 
case,*  he  excised  a  piece  of  the  external  division  of  the  second,  third,  and  fourth 
cervical  nerves.  Raising  the  splenius  he  cut  the  nerves  as  they  entered  the 
muscle;  he  did  not  molest  the  suboccipital  nerve,  although  he  wished  to  do  so. 
The  result  was  good.  This  method  does  not  expose  either  muscles  or  nerves 
sufficiently,  and  it  is  more  than  probable  that  the  suboccipital  nerve  would 
rarely  be  found  during  the  course  of  this  operation. 

Keen's  operation  is  described  by  the  author  in  substantially  the  following 
terms  (Annals  of  Surgery,  Vol.  XIII.,  1891,  p.  45) .    There  are  seven  distinct  steps. 

(1)  Make  a  transverse  incision  one-half  inch  below  the  level  of  the  lobule  of 
the  ear,  two  and  one-half  to  three  inches  long,  beginning  at  the  median  line 
or  slightly  beyond.     (Fig.  577.) 

(2)  Divide  the  trapezius  transversely  in  the  line  of  the  skin  incision. 

(3)  Dissect  up  the  trapezius,  identify  the  great  occipital  as  it  emerges  from 
the  complexus  about  half  an  inch  in  from  the  median  line,  and  usually  about 
half  an  inch  below  the  incision. 

(4)  Divide  the  complexus  'transversely  at  the  level  of  the  nerve  by  repeated 
shallow  cuts.  Expose  the  trunk  of  the  posterior  tlivision  where  it  emerges  be- 
tween the  atlas  and  the  axis,  and  exsect  a  portion  (half  an  inch  or  more)  of  it 
before  it  divides.  (This  destroys  the  great  occipital;  but,  according  to  Keen, 
this  destruction  is  of  no  importance.) 

(5)  Recognize  the  inferior  oblique  by  following  the  great  occipital  toward  its 
point  of  emergence,  where  it  passes  below  the  lower  bortler  of  the  muscle. 

(6)  Recognize  the  suboccipital  triangle — the  inferior  obli(|ue  is  its  lower 
boundary;  the  nerve  lies  in  this  triangle,  close  to  the  occiput,  but  below  the 
vertebral  artery.  Exsect  as  close  to  the  spine  as  possible,  taking  care  to  avoitl  the 
artery. 

(7)  One  inch  lower  than  the  second  \^ill  be  found  the  third  cervical  nerve, 
the  external  branch  of  which  should  be  excised  close  to  the  j)oint  of  bifurcation. 

Remarks. — The  muscles  divided  may  be  united  if  desired;  in  case  they  are 
shortened  it  is  better  to  leave  them  without  suturing.  Drainage  may  be  pro- 
vided, but  the  wound  is  so  well  placed  that  it  is  scarcely  necessary. 

It  will  be  noted  that  Smith  excised  the  external  branch  of  the  second,  third,  and 
fourth  cervical  nerves,  but  left  the  suboccipital;  Keen,  on  the  other  hand,  excised 
the  first,  second,  and  third;  and  the  results  appeared  to  be  equally  good.  It  is, of 
course,  impossible  to  excise  all  of  the  nerves  entering  the  longer  of  the  posterior 

♦Reported  In  the  Boston  Medical  Journal,  vol.  i.,  1891,  p.  752. 
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hoail  nmscles,  a.s  that  woukl  involve  all  of  the  jjostcrior  primary  tlivisions  of  the 
cervical  ami  of  the  upper  dorsal  nerves.  Besides,  the  same  rule  holds  good  in 
the  posterior  as  in  the  anterior  muscles,  namely,  that  it  usually  suffices  to  de- 
stroy the  main  and  is  not  necessary  to  abolish  the  whole  nerve  supply.  It  \A0uld 
seem  more  important,  however,  to  excise  the  suboccipital  than  the  fourth,  for 
the  reason  that  the  former  is  the  main  supply  of  the  inferior  oblique  and 
rectus  capitus  posticus  major,  while  the  fourth  supplies  only  a  fractional  part 
of  the  longer  muscles — complexus,  splenius,  etc.  Smith's  suggestion  as  to  lift- 
ing the  splenius  and  cutting  all  the  nerves  entering  into  its  under  surface  is 
valuable.  The  step  should  not  be  adopted  until  the  operation  in  other  re- 
spects has  l^en  made  as  complete  as  possible ;  it  might  then  be  appUed  to  all 
of  the  muscles  which  it  has  been  necessary  to  raise  during  the  operation.  This 
procedure  alone,  howcA'er.  could  not  be  depended  upon  for  a  cure,  as  there  is 
great  likelihood  that  regeneration  of  the  diAided  nerves  will  sooner  or  later  oc- 
cur. The  vessels  which  one  may  expect  to  encounter  are  the  vertebral  artery  in 
the  suboccipital  triangle,  and  branches  of  the  occipital  artery.  The  former  must 
be  carefully  avoided.  A  plexus  of  veins  in  the  areolar  tissue  around  the  verte- 
bra may  give  trouble,  not  so  nuich  on  account  of  their  size  as  because  of  the  dif- 
ficulty of  securing  them. 

The  writer  believes  that  Keen's  operation  is  superior  to  Smith's,  but  would 
suggest  the  following  modifications :  (a)  The  incision  shoukl  be  T-shaped,  one 
limb  extending  vertically  along  the  metlian  line,  from  the  occiput  to  the  fifth  or 
sixth  cervical  vertebra,  while  the  other,  two  and  one-half  to  three  inches  in  length, 
is  placed  horizontally  about  one  inch  below  the  le\'ei  of  the  lobule  of  the  ear 
and  meets  the  median  incision.  (Fig.  577.)  This  gives  a  wider  exposure  and 
is  so  placed  that  when  the  trapezius,  after  it  has  been  raised  by  blunt  dissection, 
is  cut  in  the  line  of  the  horizontal  limb  of  the  incision,  there  is  no  danger  of 
wounding  the  gi-eat  occipital  nerve.  The  horizontal  incision  Ls  more  nearly  on 
the  level  of  the  point  of  emergence  of  this  nei-ve  from  the  intervertebral  fora- 
mina than  it  is  on  that  of  its  exit  from  the  complexus. 

(6)  There  is  no  need  of  dividing  that  portion  of  the  complexus  which  lies 
between  the  exit  of  the  nerve  and  the  spinous  processes.  In  cutting  the  external 
portion  of  the  complexus  it  seems  better  to  cut  first  the  splenius  transversely. 

(c)  The  least  occipital,  the  external  or  cutaneous  branch  of  the  posterior  pri- 
mary division  of  the  third  cervical,  is  often  exposed  in  the  median  incision. 
No  attention  need  be  paid  to  the  nerve,  but  in  case  it  appears,  it  will,  when 
pulled  on,  sen^e  as  a  guide  to  the  third.  The  latter  lies  in  the  same  vertical 
plane  as  the  second,  the  thickness  of  one  vertebra — that  is,  about  three-quar- 
ters of  an  inch — lower  down. 

Muscle  Operations.— Kocher  advises  excision,  complete  or  partial,  of  the 
sterno-mastoid,  combined  with  section  of  the  posterior  muscles  where  these  are 
involved.     He  operates  on  the  latter  thi-ough  a  transverse  incision  similar  to  that 
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of  Keen.  When  the  posterior  muscles  of  both  sides  are  involved;  an  incision  is 
made  from  one  mastoid  process  to  the  other.  This  operation  is  more  san- 
guinary, but  of  simpler  technique,  than  those  performed  on  the  nerves. 

Results.— Kalmus  (Beitr.  zur  klin.  Chir.,  Vol.  XXVI.,  1900)  gives  the  following 
statistics: — In  68  cases  of  resection  of  the  spinal  accessory,  23  were  cured,  20 
more  or  less  improved.  In  15  of  the  above  cases  there  was  performed  subse- 
quently excision  of  the  posterior  cervical  branches,  10  cures  resulting.  Mentz 
(Deutsche  Zeitsclirijt  /.  Chir.,  \o\.  LXII.)  reports  12  cases  opcratetl  on  by 
Kocher's  method,  with  7  cures. 

The  majority  of  reports  strongly  favor  neurectomy  as  opposed  to  muscle 
operations.  Attention,  however,  must  be  called  to  the  fact  that  the  extensive 
muscular  sections  necessary  in  the  nerve  operations  may  be  an  important  factor 
in  the  success  of  the  latter.  If  this  be  true  it  adds  to  the  resources  of  the  oper- 
ator, who  can,  when  he  has  failed  to  locate  the  nerve,  at  least  divide  the  muscle 
and,  lifting  it  up,  cut  all  the  nerves  entering  and  emerging  as  recommended  by 
Smith. 

It  is  assured  by  all  authors  that  no  permanent  paralysis  results  from  these 
extensive  operations,  whether  upon  nerves  or  upon  muscles.  Chiene's  suggestion 
that,  in  the  most  obstinate  cases,  that  portion  of  the  cortex  which  presides  over 
the  affected  muscles  should  be  excised,  has  probably  lost  much  of  its  importance 
since  the  introduction  of  Keen's  operation.  In  any  event  it  should  not  be  at- 
tempted until  the  peripheral  motor  supply  to  the  various  muscles  has,  as  far  as 
possible,  been  excised. 

Prognosis. — Life  is  not  shortened  even  in  severe  cases,  as  the  disease  does  not 
spread  to  vital  parts.  Spontaneous  recovery  may  and  does  take  place,  and  is 
most  likely  to  occur  in  young  patients  who  suffer  from  mild  attacks  at  infre- 
quent intervals.  The  mild  forms  may  be  benefited  by  treatment;  both  the 
mild  and  the  severe  forms  may  be  cured,  or  at  least  benefited,  by  operation. 
The  outcome  should  be  predicted  with  great  care,  it  being  remembered  that 
the  gravity  is  increased  by  sudden  onset,  severe  spasms,  by  wide  involvement 
of  muscles,  and  by  the  length  of  time  which  has  elapsed  since  the  disease  first 
manifested  itself.  Following  neurectomy,  spasm  may  develop  in  other  muscles, 
since  it  is  not  the  diseased  cerebral  nervous  organ,  but  only  the  peripheral 
nerves  which  have  been  operated  upon.  (Kalmus.)  It  is  held  by  some  writere 
that  the  cases  reported  as  spontaneous  cures,  or  indeed  any  cures  that  have 
been  effected  with  operative  interference,  have  been,  in  part  at  least,  hysterical. 

IRREGULAR  FORMS  OF  TORTICOLLIS. 

Paralytic  Torticollis.— This  variety  may  be  due:  (1)  To  paralysis  of  the  spinal 
accessory  nerves,  which  may  occur  as  a  result  of  anterior  poliomyelitis,  as  i)art 
of  a  progi-essive  muscular  atrophy,  in  bulbar  paralysis,  or  as  the  sequence  of 
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compression  by  meningeal  exudates,  bone  caries,  trauma,  or  rheumatism. 
(2)  It  may  be  the  result  of  an  arrested  development  of  muscles  dej^endent 
upon  some  lesion  of  the  nerves  or  of  the  nerve  centres  (e.g.,  cerebral  apoplexies). 
(.3)  It  may  follow  diphtheria. 

The  deformity  of  the  neck  in  nearly  all  of  these  cases  is  symptomatic  and 
approaches  the  typical  only  when  there  is  paralysis  limited  to  one  or  several 
muscles  on  the  same  side,  a  condition  most  likely  to  follow  trauma,  rheumatism, 

local  exudates,  or  a  limitetl  degen- 
eration of  motor  nuclei.  In  progres- 
sive muscular  atrophy  the  pai-alysis  is 
apt  to  be  bilateral,  involving  the  tra- 
pezii  and  permitting  the  head  to  fall 
forward,  or  the  sterno-mastoid,  the 
head  falling  backward.  After  diph- 
theria the  trapezii  are  liable  to  be 
implicated. 

The  diagnosis  is  basetl  on  a  recog- 
nition of  the  underlying  disease. 
When  the  muscles  of  only  one  side  are 
involved  there  is  a  limitation  of  rota- 
tion toward  the  other  side.  The  pi\r- 
ticular  muscles  implicated  may  Ixi 
discovered  by  inspection,  paralysis  of 
the  sterno-mastoid  and  trapezius  a}> 
pearing  particularly  on  attempts  to 
shrug  the  shoulders. 

The  treatment  is  directed  against 
the  underlying  condition.  ^^Tlen  it  is 
due  to  a  central  lesion  little  can  be 
done.  In  all  cases  the  nutrition  and 
tone  of  the  muscles  should  be  pre- 
served and  improved  by  electricity 
and  massage. 
Golding  Bird  (Guy's  Hospital  Reports,  1890)  believed  that  when  facial  asym- 
metry complicated  torticollis  the  two  were  integral  parts  of  the  same  affection, 
viz.,  a  central  lesion  closely  akin  to  anterior  poliomyelitis.  The  facts  that  asym- 
metry occurs  with  the  acquired  as  well  as  with  the  congenital  forms  of  torti- 
collis, that  it  improves  and  may  even  disappear  after  operation,  and,  finally, 
that  it  may  even  exist  without  torticollis,  render  this  opinion  untenable  in  all 
eases. 

Psychical  Torticollis.— Under  this  nameBrissaud  (Union  medicale,  1894,  page 
161)  described  what  he  regarded  as  ia  peculiar  form  of  rotary  tic  of  the  head 


Fig.  581. — Shows   the  Attitude  of    the  Head  in 
Ocular  Torticollis.     (Bradford  and  Lovett.) 
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and  neck.  This  author  noted  that  these  cases  were  alHed  to  epilepsy,  neurasthe- 
nia, etc.,  and  that  the  movements  were  easily  controlled  by  the  pressure  made  by 
a  finger  upon  the  head;  and  he  concluded  that  they  were  due  to  a  local  paralysis 
of  the  will.  Other,  writers  have  used  the  term  in  the  same  sense  or  have  sub- 
stituted therefor  the  term  mental,  while  still  others  employ  the  latter  in  the 
sense  that  it  sliall  include  practically  all  cases  of  spasmodic  torticollis.  When 
it  is  considered  that  the  great  majority  of  spasmodic  cases  are  probably  central 
in  origin,  that  they  are  often  caused  by  strong  emotion,  fright  or  grief,  that  in 
most,  perhaps  all,  there  is  a  strong  neurotic  taint  inherited  or  acquired,  and  that 
they  are  uncontrollable  by  any  exercise  of  the  will,  it  does  not  seem  permis- 
sible to  use  the  terms  mental  and  psychical  except  in  the  broadest  sense. 

Oculax  Torticollis. — This  variety,  according  to  Bradford  and  Lovett,  may 
occur  when  there  is  a  difference  in  the  planes  of  vision  of  the  eyes,  or  a  difference 
in  "the  power  of  the  two  eyes.  Gould  {American  Medicine,  1904,  Vol.  VII., 
page  513)  called  attention  to  the  fact  that  not  only  torticollis,  but  even 
a  secondary  compensatory  spinal  curvature,  might  result  from  certain  ocu- 
lar defects.  His  conclusions  are  as  follows  :  (1)  Habitual  abnormal 
position  of  the  head  is  freciuently  the  cause  of  spinal  curvature.  (2) 
These  abnormal  positions  may  be  due  to  some  error  of  refraction  which 
necessitates  the  torticollis,  wry-neck,  cant,  or  depression  in  order  to  secure 
clearer  vision.  (3)  The  error  of  refraction  is  usually  a  slight  asymmetry  of  the 
axes  of  astigmatism,  whereby  the  clearer-seeing  or  most-used  eye  (usually 
the  right  in  right-handed  persons)  has  an  axis  10°  or  15°  to  either  side  of  90° 
or  180°.  (4)  The  heterophoria  which  has  been  the  supposed  cause  of  the  func- 
tional torticollis,  etc.,  is  itself  usually  a  result  of  the  refractive  error,  proper 
correction  of  which  at  a  sufficiently  early  age  cures  the  heterophoria,  the  tor- 
ticollis, and  the  spinal  curvature.     (Fig.  581.) 

Physiological  Torticollis.— A  variety  called  physiological  or  habit  torticollis 
has  been  described  and  is  attributed  to  the  habit  of  holding  the  head  awry,  the 
abnormal  position  being  continued  until  the  deformity  has  become  permanent. 
It  is  probable,  however,  that  many  of  these  cases  are,  strictly  speaking,  ocular 
and  that  a  true  case  of  habit  torticollis  is  very  rare. 

Torticollis  occurring  during  rachitis  or  in  connection  with  deformities  due 
to  basilar  or  cerebro-spinal  meningitis  are  purely  symptomatic.  Whitman 
points  out  that  a  slight  degree  of  deformity  of  the  neck  is  sometimes  seen  in  ill- 
nourished  infants,  and  that  this  and  cervical  opisthotonos  may  be  mistaken  for 
symptoms  of  Pott's  disease. 
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INFANTILE  PARALYSIS. 

(ANTERIOR   POLIOMYELITIS.) 
By  CHARLES  F.  PAIXTEB.  M.D..   Boston,  Massachusetts. 


Introduction. — In  infancy  and  early  childhood  an  inflammatory  affection 
of  the  anterior  horns  of  the  spinal  cord  causes  a  more  or  less  complete  paralysis 
of  some  of  the  muscles  of  the  body.  One  or  more  of  the  extremities  are  usu- 
ally attacked,  but  occasionally  the  paralysis  is  quite  generally  distributed.  The 
majority  of  the  cases  occur  during  the  first  ten  years  of  life;  at  later  ages  the 
disease  is  encountered  with  varj'ing  degrees  of  frequency.  In  adult  life,  though 
a  rare  condition  as  compared  with  the  infantile  type  and  rather  more  difficult 
of  diagnosis,  still  it  is  by  no  means  unusual.  Much  importance  attaches  to 
its  recognition  l)ecause  of  the  value,  to  the  patient's  ultimate  functioning  ca- 
pacity, of  an  earh'  appreciation  of  the  nature  of  his  loss  in  ix)wer. 

Most  of  the  instances  of  tliis  paralysis  are  sporadic,  but  it  does  occur  in 
epidemic  form;  and  during  the  past  ten  years  reports  of  a  large  number  of 
apparent  epidemics  have  found  their  way  into  the  literature,  some  of  them 
representing  a  considerable  number  of  cases,  but  the  majority  including  only 
very  small  groups. 

Study  of  this  condition  has  devolved  ujion  two  special  branches  of  medi- 
cine, viz.,  the  jDediatric  and  the  orthopedic.  Tlie  acute  phase  of  the  disease 
is  hard  to  recognize  and  is  mistaken  for  many  different  conditions.  Tlie  popu- 
lar name  so  often  given  it — "teething  paralysis" — indicates  one  of  the  most 
common  conditions  with  which  it  may  be  confounded:  and,  as  a  matter  of 
fact,  its  onset  is  often  coincident  with  the  eruption  of  a  tooth  during  the  first 
dentition.  Tlie  arrival  of  a  tooth  is  accompanied  sometimes  b}'  quite  a  stormy 
set  of  symptoms,  and  the  milder  types  of  infantile  paralysis  are,  m  many  cases, 
of  no  greater  significance.  As  a  rule,  the  general  practitioner  or  the  pediatric 
speciaUst  is  the  one  who  sees  the  child  during  the  acute  onset  of  the  trouble, 
when  the  symptoms  are  sufficiently  severe  to  merit  the  calling  in  of  professional 
assistance.  Later  on,  when  the  loss  of  power  is  detected,  a  neurologist  is  com- 
monly brought  into  the  case:  and  at  a  still  later  date,  when  contractures  seem 
either  to  demand  division  or  treatment  by  means  of  apparatus,  the  orthojDed- 
ist's  aid  is  invoked.  So  it  can  be  seen  that,  among  the  diseases  which  are  of 
as  frequent  occurrence  as  anterior  poUomyeUtis,  there  is  scarcely  one  that 
touches  so  many  special  lines  of  practice.  This,  as  the  Amter  believes,  is  rather 
unfortunate,  for  division  of  responsibiUty  does  not  generally  tend  to  the  best 
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results.  The  diagnosis  in  any  stage,  in  the  great  majority  of  cases,  should  be 
made  by  the  family  physician,  and  he  should  be  so  equipped  that  he  may  carry 
out  treatment  until  such  time  as  the  purely  technical  questions  concerning 
apparatus  and  its  adjustment  arise.  Then,  if  tendon  transplantation,  tendon 
lengthening,  or  merely  tenotomy  is  required,  the  orthopedist  can  be  brought 
in  for  the  solution  of  such  problems;  but  any  case  of  infantile  paralysis  will  do 
better  under  the  intelligent  supervision  of  one  observer  who  is  able  to  keep  in 
constant  touch  with  the  patient. 

Etiology. — The  causative  factors  which  enter  into  the  production  of  ante- 
rior poliomyelitis  are  very  difficult  to  determine.  The  sudden  onset,  the  fe- 
brile course  in  the  well-marked  cases,  and  the  general  resemblance  to  other 
infections,  seem  to  place  it  among  bacterial  diseases.  Up  to  the  present  time, 
however,  no  constant  bacteriologic  findings  have  characterized  the  few  autop- 
sies which  are  on  record,  and  lumbar  puncture,  from  which  procedure  it  was 
hoped  that  good  results  might  be  obtained,  has  failed  to  show  any  specific 
organism  in  the  aspirated  spinal  fluid.  Different  bacteria  have  been  reported 
by  nearly  all  observers  who  have  practised  this  method  of  diagnosis  in  infan- 
tile paralysis.  Yery  few  patients  die  from  this  disease,  and  therefore  there 
are  very  few  pathological  reports  upon  which  to  base  conclusions.  The  epi- 
demic character  of  the  disease  in  some  instances  points  rather  strongly  to  an 
infectious  origin,  but  there  is  no  evidence  that  it  is  transmissible  directly  from 
one  person  to  another.  In  an  epidemic  which  occurred  in  Gloucester,  Massa- 
chusetts, in  1900,  and  which  the  writer  had  the  privilege  of  observing,  there 
were  two  cases  that  developed  in  the  same  house,  one  showing  signs  of  the 
disease  twenty-four  hours  before  his  cousin,  who  lived  on  the  floor  above  him, 
was  attacked.  Under  the  writer's  observation  have  come  two  brothers,  who 
developed  parah'sis  within  a  very  short  time  of  each  other.  The  infection, 
however,  in  these  epidemics,  seems  to  be  a  miasmatic  one,  to  use  an  old  and 
very  indefinite  term.  In  epidemics  as  large  as  that  which  occurred  in  Cherry- 
field,  Maine,  or  as  the  Gloucester  epidemic,  or  as  the  still  more  famous  one  in 
Vermont,  where  one  and  hundred  thirty  cases  occurred,  it  is  necessary  to  assume 
that  some  infective  material  was  present  in  a  comparatively  restricted  area, 
arid  that  it  found  appropriate  local  conditions  in  the  children  whom  it  attacked; 
otherwise  we  must  assume  that  all  these  patients  were  the  hosts  of  an  organism 
which  had  lain  dormant  until  the  climatic  conditions  necessary  for  its  develop- 
ment supervened.  It  is  difficult  to  believe  that  either  assumption  includes  the 
whole  truth.  What  few  bacteriological  observations  on  this  disease  are  in  our 
possession  indicate  that  several  different  organisms  may  be  responsible  for  the 
infection.  In  the  epidemic  forms,  at  any  rate— it  being  assumed  that  healthy 
individuals  are  acting  the  part  of  hosts— it  seems  unlikely  that  there  could  be 
as  great  a  variety  of  possible  organisms  as  the  number  of  cases  would  indicate. 
If  the  problem  be  viewed  from  this  point  it  will  appear  more  rational  to  assign 
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a  common  bacteriologic  factor  to  the  epidemic  type  of  anterior  poliomyelitis. 
As  for  the  sporadic  cases,  it  is  possible  that  one  of  several  organisms  may  play 
the  part  of  causative  factor,  although  it  seems  more  reasonable  to  suppose  that 
a  disease  whose  clinico-pathological  manifestations,  both  in  the  epidemic  and 
in  the  sporadic  form,  show  such  uniformity  of  character,  must  l^e  caused  by  a 
specific  bacterium  whose  identity  has  thus  far  escaped  detection.  It  has  been 
sought  to  identify  the  development  of  infantile  lesions  with  the  exanthemata 
and  other  infections  of  infancy  and  childhood,  but  no  considerable  number 
of  cases  of  anterior  poliomyelitis  have  been  shoA\'n  to  be  so  related.  In  the 
case  of  Gloucester,  the  city  had  been  afflicted  with  an  epidemic  of  diphtheria 
only  three  or  four  years  before  that  in  which  the  epidemic  of  infantile  paraly- 
sis occurred.  AMiile  the  investigation  of  the  latter  epidemic  was  in  progress, 
the  drainage  system  of  the  city  was  overhauled.  On  account  of  the  rocky 
character  of  the  soil  at  Gloucester  it  has  been  impossible  to  lay  sewers,  and 
therefore  each  house,  except  in  a  few  scattered  localities,  has  its.  o\\ti  cesspool. 
These  were  cleaned  out  all  over  the  city  at  the  time  of  the  diphtheria  pa^jic,  so 
that  imperfect  drainage  could  scarcely  have  played  any  part  in  that  particular 
epidemic  of  anterior  jjoliomyelitis.  In  North  Adams,  however,  where  there 
was  a  small  epidemic,  it  has  been  sho^^^l  that  all  the  cases  occurred  along  the 
borders  of  a  mill-stream  that  runs  through  the  centre  of  the  to^^•n.  If  "mias- 
matic" influences  are  to  be  taken  into  account  in  considering  the  etiology  of 
this  disease,  it  is  difficult  to  understand  their  operation  in  the  Gloucester  epi- 
demic. The  town  is  situated  near  the  end  of  Cape  Ann  and  is  nearly  sur- 
rounded by  the  ocean,  a  tide  river  separating  the  mainland  from  what  is  prac- 
tically an  island  joined  to  this  mainland  by  a  causeway.  The  island  contains 
a  good  deal  of  high  ground,  there  is  very  little  swamp  or  marsh -land,  and  the 
Atlantic  winds  blow  across  it  almost  constantly.  And  yet  in  this  epidemic 
the  cases  occurred  on  high  land  as  well  as  low,  along  the  tide-water  river,  and 
in  houses  almost  overhanging  the  harbor  waters.  In  this  epidemic  the  sources 
of  food  supply  were  studied  carefully.  Tliere  was  no  conspicuous  absence  of 
cases  on  the  milk  route  of  any  particular  dealer,  and  provisions  of  all  sorts  were 
so  variously  purchased  that  no  possible  source  of  infection  was  discoverable 
in  this  connection. 

It  has  been  noted  that  the  majority  of  the  cases  of  infantile  paralysis  occur 
in  the  summer  months.  Tliis  has  been  true  of  the  epidemics,  and  is  true  of  the 
sporadic  cases  as  well.  In  the  Gloucester  epidemic  the  cases  gi'ouped  them- 
selves in  a  rather  strikmg  way  about  the  hot  periods.  WTien  there  were  groups 
of  two  or  three  days  of  excessively  hot  weather  there  were  noted  on  these  days, 
almost  invariably,  more  cases  of  infantile  paralysis  than  on  the  cooler  days 
either  preceding  or  following  these  dates.  These  observations  could  not,  as 
must  necessarily  be  the  case,  partake  of  an  absolutely  accurate  character, 
because  the  parents  were  not  always  able  to  fix  the  date  of  the  onset  of  symp- 
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toms.  So  far  as  temperature  has  any  influence  upon  the  development  of  symp- 
toms, it  would  seem  to  be  a  contributory  factor.  Humidity  and  sudden  changes 
in  temperature  seem  to  have  an  effect  in  lowering  local  resistance  and  in  stimu- 
lating organisms,  already  within  the  body  to  produce  their  specific  tissue 
changes.  In  several  of  the  reports  given  by  the  parents  of  the  Gloucester  chil- 
dren, attention  was  called  to  the  fact  that  there  had  been  a  sudden  drop  in 
temperature  on  the  day  upon  which  the  children  were  seized  with  acute  symp- 
toms. Three  cases  were  noted  in  children  who  attended  a  picnic  one  very  hot 
day.  During  the  afternoon  a  severe  shower  came  up  and  the  mercury  fell 
thirty  degrees  in  a  little  over  an  hour.  Within  the  next  thirty-six  hours  all 
three  of  the  children  showed  well-developed  signs  of  infantile  paralysis.  In 
one  case  a  prolonged  stay  in  the  water  on  a  hot  summer  day  seems  to  have 
been  the  exciting  cause  for  the  focalization  of  the  specific  process.  We  see  a 
very  similar  condition  of  affairs  in  osteomyelitis.  Frequently  the  history  of 
these  cases  brings  out  the  fact  that  swinmiing  for  an  inordinately  long  time 
has  been  immediately  followed  by  the  onset  of  an  acute  fulminating  osteomye- 
litis. In  these  cases  it  is  fair  to  assume  that  the  staphylococcus  was  not  taken 
into  the  patient's  circulation  at  the  time,  but  that  in  all  probability  the  indi- 
vidual had  been  acting  as  the  host  of  these  organisms  for  an  indefinite  period, 
and  that  when  local  resistance  had  been  sufficiently  reduced— as  by  the  ex- 
hausting influence  of  the  prolonged  swimming — they  had  set  up  acute  sup- 
purative changes  in  the  bone  marrow. 

The  influences  which  make  one  sex  more  susceptible  than  the  other  to  a 
given  disease  do  not  operate  in  anterior  poliomyelitis.  Boys  and  girls  are 
attacked  with  about  equal  frequency.  Why  the  first  decade  should  be  the 
period  of  life  when  the  majority  of  cases  are  noted  is  not  apparent,  unless  it 
be  that,  during  that  period  of  rapid  growth  and  active  metabolic  change,  the 
mechanism  which  regulates  the  radiation  of  bodily  heat  is  susceptible  to  more 
rapid  and  extreme  fluctuation  than  in  more  mature  years.  In  consequence 
of  these  rapid  changes  in  the  heat-regulating  mechanism  it  is  conceivable  that 
local  resistance  in  central  portions  of  the  body  may  be  depressed  below  the 
point  where  it  can  withstand  infection.  This  hypothesis  would  seem  to  receive 
some  support  from  the  clinical  side  and  from  analogy  with  osteomyelitis  and 
some  other  infections.  The  cases  which  occur  in  adult  life  are,  as  a  rule,  not 
so  typical  in  their  onset  and  clincial  course  as  those  which  develop  in  infancy. 
Furthermore,  the  study  of  the  etiology  of  these  cases  presents  even  greater 
diflficulties  than  those  which  are  encountered  in  the  study  of  the  factors  which 
are  operative  in  the  causation  of  the  disease  hi  infantile  subjects. 

Clinical  Course. — There  is  considerable  variation  in  the  way  in  Avhich  tiie 
disease  develops.  Some  cases  are  so  slight  that  they  are  either  not  noticed  at 
all  or  are  passed  over  as  cases  of  transient  "febricula,"  due  to  dentition,  to 
digestive  disturbance,  or  to  some  one  of  the  many  insignificant  causes  for  the 
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transitory  upsets  of  infancy  and  childhood.  Oftentimes  a  child  ^^^ll  go  to  bed 
in  i)erfect  health,  and  \vill  l;e  found,  on  the  following  morning,  to  exhibit  varying 
degrees  of  paralysis,  without,  perhaps,  showing  any  sign  of  being  constitutionally 
disturbed.  At  other  times  a  child  will  come  in  from  its  play  complaining  of 
headache,  malaise,  and  febrile  symptoms.  L'pon  being  put  to  bed  it  may  drop 
off  into  a  restless  sleep,  from  which  it  will  awake  with  inability  to  use  one  or 
both  legs  or  some  other  part  of  the  body.  In  still  another  type  of  onset  the 
initial  symptoms  may  be  such  as  we  have  just  narrated,  but  the  loss  of  power 
may  not  manifest  itself  for  se\'eral  days  and  then  only  by  causing  the  patient 
to  drag  one  foot  or  use  it  awkwardly  in  walking  or  attempting  to  nm.  Tlie 
most  severe  type  is  ushered  in  rather  suddenly  by  fever,  running  up  to  103° 
or  104°  F. :  by  pain,  extending  over  the  entire  body,  and  particularly  pro- 
nounced when  the  child  is  moved;  and  by  headache,  drowsiness,  hypersensi- 
tiveness  of  the  skin,  muscular  twitching,  opisthotonos,  and  retraction  of  the 
head,  with  occasionally  a  low  grade  of  df'lirium  and  facial  paralysis.  In  a 
word,  these  cases  strongly  resemble  those  of  a  beginning  cerebro-spinal  menin- 
gitis. In  these  febrile  cases  the  bod}'  temperature  remains  high  for  a  week  or 
ten  days,  sometimes  for  a  still  longer  period,  and  comes  down  by  lysis.  Hyper- 
spsthesia  gradually  disappears,  and  the  existence  of  certain  paralyses  is  recog- 
nized sooner  or  later  in  the  course  of  the  sickness — invariably,  in  this  type, 
before  the  patient  has  been  gotten  out  of  bed.  Sphincteric  paralyses  rarely 
occur  in  anterior  poliomyelitis  and  are  very  transient  in  character.  In  the 
Gloucester  epidemic  two  cases  were  said  to  have  had  this  form  of  paralysis. 
Several  months  may  be  required  before  these  patients  will  recover  enough 
muscular  power  to  enable  them  to  get  up  and  move  about  even  a  very  little. 
When  paralysis  has  been  fully  established  it  does  not  long  remain  at  its  maxi- 
mum. In  the  first  few  weeks  improvement  is  much  more  marked  than  it  is 
during  the  succeeding  weeks  and  months.  This  is  due  to  the  fact  that  a  con- 
siderable amoimt  of  the  pressure  upon  the  motor  ganglia  in  the  anterior  horns 
of  the  cord  is  due  to  the  presence  of  a  serous  exudate  which  spreads  out  from 
the  central  area  of  inflammation  in  the  cord.  Tliis  inhibits,  for  the  time  being, 
the  transmission  of  nerAous  impulses  through  the  nerve  cells  connected  Anth 
these  gangha,  but  does  not  destroy  the  latter  organs.  As  this  serous  exudate 
becomes  absorbed,  the  nerve  cells  upon  which  it  has  been  pressing  are  relieved, 
and  the  function  of  the  cell  and  its  neuron  is  resumed.  Tlie  complete  restora- 
tion of  certain  muscle  groups,  which  at  the  outset  appeared  to  be  completely 
paralyzed,  is  to  be  explained  in  the  foregoing  manner.  This  process  of  gi-ad- 
ual  restitution  of  power  goes  on  for  a  period  of  two  years  in  some  cases,  im- 
provement being  due  in  part  to  a  gradual  restitution  of  functioning  power  in 
ganglia  inside  the  zone  of  serous  exudate,  and  in  part  to  the  assumption  of 
power  by  muscles  not  before  concerned  in  the  performance  of  the  duties  of  the 
particular  muscular  gi-oups  paralyzed.     Where  paralysis  remains  complete,  it 
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is  safe  to  assume  that  the  ganglionic  cells  at  the  "storm  centre"  in  the  anterior 
horns  Were  entirely  destroyed,  and  that  consequently  no  restitution  is  possible 
in  the  nerves  coming  from  those  ganglia.  Under  certain  conditions  not  all 
the  nerve  filaments  contained  in  a  trunk  going  to  some  particular  muscle  are 
equally  compressed;  some  of  the  ganglia  belonging  to  these  fibres  may  have 
been  wholly  destroyed,  while  others  were  only  slightly  interfered  with.  It  is 
because  of  such  contingencies  as  these  that  it  is  worth  while  to  keep  up  mas- 
sage, passive  motion,  and  other  measures  designed  to  j)romote  function  in  the 
limb  affected  by  the  paralysis.  It  is  quite  likely  that  the  few  intact  nerve  fibres 
contained  in  the  midst  of  a  bundle  of  fibres,  the  majority  of  whose  ganglion 
cells  are  destroyed,  would  also  lose  their  conductivity  to  nervous  impulses  if 
the  muscles  to  which  they  carried  stimuli  were  thrown  completely  out  of  func- 
tion. If,  however,  effort  is  made  to  keep  as  much  of  this  muscle  in  action  as 
is  possible  through  passive  stimulation,  it  is  likely  that  some  strength  may  be 
preserved  in  a  muscle  which  might  othenvise  be  wholly  paralyzed. 

Sensory  nerves  are  not  concerned  in  this  paralysis,  inasmuch  as  they  do 
not  have  their  origin  in  the  anterior  horns.  As  has  been  said,  the  sphincters 
are  not,  as  a  rule,  involved,  and  when  by  chance  they  are  it  is  only  a  transient 
involvement  that  has  occurred  during  the  acute  attack. 

Different  parts  of  the  cord  may  be  concerned;  rarely  are  all  the  muscles  of 
the  arms,  legs,  and  trunk  affected.  The  lower  extremities  are  more  commonly 
attacked  than  the  upper,  and  imilateral  involvements  of  the  extremities  are 
much  more  common  than  bilateral.  Irregular  distributions  of  the  paralysis 
are  quite  common,  and,  in  fact,  even  in  the  cases  where  paralysis  is  pretty  sym- 
metrical, it  is  the  rule  to  find  some  muscles  which  are  less  completely  para- 
lyzed than  are  their  fellows  of  the  opposite  Kmb.  In  the  same  limb  it  is 
unusual  to  find  flexors  and  extensors  equally  balanced.  These  peculiarities 
are  all  readily  explicable  on  the  ground  that  the  central  zone  of  the  inflanniia- 
tory  exudate  marks  the  point  where  the  greatest  injury  will  be  inflicted  upon 
the  nerve  cells,  whereas  the  periphery  of  this  inflammatory  centre  will  be  less 
affected,  and  irregular  distribution  of  paralyses,  as  regards  both  intensity  and 
area  of  muscles  involved,  may  be  expected.  The  cervical  spine  and  scapular 
muscles  are  frequently  the  only  parts  concerned,  the  arm  and  forearm  muscles 
not  being  attacked  at  all.  Rarely  the  muscles  of  one  arm  are  concerned. 
One  leg  may  be  wholly  paralyzed,  or  the  muscles  of  the  anterior  tibial  region 
may  be  intact,  while  the  posterior  ones  are  paralyzed,  and  vice  versa.  All 
kinds  of  combinations  of  paralysis  may  occur  in  the  lower  leg.  Occasionally 
the  thigh  nmscles  of  one  side  may  be  affected,  and  at  the  same  time  those  of 
the  lower  leg  of  the  opposite  side.  The  trunk  muscles  are  more  frequently 
affected  at  the  same  time  "with  the  leg  and  thigh  muscles  than  they  are  sepa- 
rately or  simultaneously  with  the  upper  extremities  alone.  When  both  upper 
and  lower  extremities  are  involved,  the  tiunk  muscles  generally  are  also.     Irreg- 
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ularity  in  distribution  of  paralysis  is  therefore  the  rule  in  anterior  poUom3-elitis, 
and  it  is  this  fact  which  is  of  some  importance  in  enabling  one  to  differentiate 
between  this  and  other  forms  of  paralysis. 

After  an  acute  attack  the  child  soon  begins  to  get  about,  unless  the  number  of 
muscles  involved  is  such  that  locomotion  is  impossible.  In  the  lighter  attacks, 
as.  for  example,  where  only  one  leg  is  concerned,  and  not  all  the  muscles  of  this, 
the  child  soon  commences  to  walk,  and  recovery  is  more  rapid  proportionately, 
1  ecause  of  this  very  fact,  than  in  the  same  grade  of  paralysis  in  both  lower 
legs.  Tliis  is  because  functional  activity  is  an  essential  factor  in  the  restora- 
tion of  a  limb  to  a  normal  condition.  During  the  stage  of  degeneration  of  the 
nerve  fibres  there  are  likely  to  be  soreness  and  tenderness  in  the  muscles  para- 
lyzed and  in  the  main  nerve  trunks  that  supply  these  muscles,  but  these  pass 
off  in  a  few  weeks  (three  or  four),  and  then  it  is  permissible  to  commence  active 
treatment.  The  reflexes  at  the  knee  are  obUterated  in  complete  paralysis  of 
the  lower  extremities,  and  are  much  diminished  in  incomplete  paralyses,  ^^'hen 
}>aralysis  is  unilateral,  loss  in  reflex  is  naturally  unilateral.  Tlie  plantar  reflexes 
are  also  diminished.  There  is  no  Babinski  phenomenon,  as  the  anterior  horns 
are  involved.  Too  much  reUance  should  not  be  placed  upon  the  condition 
of  the  knee-jerks,  because  they  are  so  variable  and  because  in  infants  and 
young  children  the  obtaining  of  a  reflex  is  not  always  possible,  even  though 
the  reflex  mechanism  be  intact. 

Of  much  greater  significance  is  the  flaccid  condition  which  early  shows  itself 
ill  the  muscles.  They  waste  very  markedly,  c^uite  rapidly,  and  more  or  less 
irregularly,  according  to  the  degree  of  the  paralysis  and  the  symmetry  of  its 
distribution.  In  some  cases  atrophy  is  very  marked  upon  inspection,  there 
being  scarcely  enough  flesh  to  protect  the  bones;  in  other  cases,  there  is  not 
this  pronounced  emaciation  because  of  the  amount  of  subcutaneous  fat.  In 
either  case  the  muscles  are  flaccid;  in  the  latter  the  atrophy  is  chiefly  ap- 
j:>arent  through  alteration  in  the  contour  of  the  muscle  bellies.  Along  with 
le  atrophy,  and  in  consequence  of  it  and  the  resultant  impairment  of 
mction,  local  circulation  becomes  poor — the  affected  member  becomes  colder 
)th  subjectively  and  objectively.  The  blood  supply  is  not  directly  affected 
^y  the  paralysis,  but  a  group  of  paralyzed  muscles  does  not  need  so  much 
lourishment,  and  consequently  there  is  set  up  a  compensating  endarteritis 
srhich  regulates  the  amount  of  blood  brought  to  the  affected  limb.  As  a 
)nsequence  of  this  diminution  in  the  blood  supply  these  infantile  limbs  are 
requently  subject  to  "chilblains."  They  are  pale,  as  a  rule,  and  passively 
mgested  over  the  toes  and  for  smne  distance  up  toward  the  dorsum  of  the 
)ot.  There  will  also  be  seen,  even  on  the  sides  of  the  calves  of  the  legs,  areas 
rhich  are  blue  and  in  some  cases  almost  ulcerated  superficially.  At  a  still 
iter  stage  certain  muscles  or  groups  of  muscles  will  show  e\idenees  of  under- 
roing  contracture.     Occasionally   paralysis  is  so  equally  balanced   that   the 
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affected  part  is  in  cqiiilibriiim  and  no  conti-actiire  takes  j^lace,  but  this  condi- 
tion is  most  unusual.  The  flexor  group  of  muscles  are  generally  the  stronger, 
and  if  flexors  and  their  opposing  extensors  are  both  partially  paralyzed  it  is 
generally  the  flexor  group  which  succeed  in  contracting,  by  overcoming  the  less 
powerful  extensors.  In  complete  paralysis  it  is  the  anatomical  opponent  of 
the  paralyzed  muscle  which  contracts,  because  it  no  longer  meets  with  a 
counterbalancing  force.  The  effect  of  prolonged  contracture  is  to  interfere 
with  the  function  of  the  contracting  muscle,  and  after  a  time  a  partial  paralysis 
of  this  muscle  results.  It  is  for  this  reason  that  tenotomy  of- a  long-contracted 
muscle  effects  an  improvement  in  its  tone  and  muscular  power.  A  large  part 
of  the  value  of  a  tenotomy  is  dependent  ujjon  this  fact.  Correction  of  the  de- 
formity caused  by  contracture  makes  it  possible  for  a  better  function  to  be 
established  in  the  non-paralyzed  muscle,  and  therefore  the  usefulness  of  the 
entire  limb  is  thereby  enhanced.  This  is  a  highly  important  fact,  and  it 
should  be  borne  in  mind  in  all  treatment  of  the  deformities  of  anterior  polio- 
myelitis. One  should  strive,  in  every  possible  way,  to  secure  for  the  affected 
limb  an  approximation  to  the  normal  functioning  capacity,  for  it  is  by  this 
means  that  the  greatest  utilization  of  the  muscular  power  of  the  partially  para- 
lyzed muscles  may  be  gained  and  that  the  contracting  non-paralyzed  muscles 
may  be  prevented  from  becoming  in  effect  powerless.  A  further  result  of 
neglected  or  inefficiently  treated  cases  of  this  paralysis  is  the  development  of 
osseous  deformities  and  partial  dislocations  or  subluxations.  The  usual  situa- 
tions for  such  complications  are  the  knee,  the  foot,  and  the  hip;  the  spine  and 
certain  of  the  smaller  articulations  of  the  hands  are  concerned  in  the  effects 
of  this  paralysis  at  times.  The  earlier  in  infancy  these  paralyses  occur  the 
more  pronounced  will  be  the  osseous  disarrangements.  Articulating  facets 
are  changed  and  the  shape  of  epiphyses  is  altered.  The  internal  architecture 
of  the  small  tarsal  bones  is  changed,  and  the  change  in  turn  effects  a  trans- 
formation in  the  outward  appearance  of  the  bones  involved;  in  fact,  they  are 
so  altered  that  they  can  no  longer  meet  the  static  conditions  which  must  be 
satisfied  in  order  to  jjermit  of  normal  function.  The  impairment  of  function 
and  compensatory  diminution  of  blood  supply  interferes  with  the  growth  of 
the  paralyzed  limb.  The  more  decided  are  the  above-mentioned  factors,  the 
more  striking  is  the  interference  with  growth.  Such  interference  is  a  pro- 
gressive matter,  continuing  through  the  periods  of  childhood  and  adolescence. 
The  affected  limb  falls  rapidly  behind  the  non-paralyzed  one  at  those  times 
when  normal  growth  is  most  rapid.  This  phenomenon  is  not  probably  due  to 
any  specific  effect  ui)on  growth  by  the  disease  itself,  but  is  largely  due  to  the 
effects  of  the  paralysis  upon  functional  activity. 

A  remote  effect  of  anterior  poliomyelitis  is  static  and  consists  of  callos- 
ities and  inflamed  bursa)  that  develop  over  points  where  excessive  pressure 
is  being  exerted.      Ulceration   and   sometimes   even   suppuration    may   take 
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jDlaco  under   these   circumstances,  thus   complicating  the   paralytic  condition 
very  considerably. 

Although  there  is  a  \A-ide  variation  in  the  severity  of  paralyses  in  this 
disea^,  there  has  never  l^een  observed  a  case  in  which,  after  paralysis  has  once 
developed,  complete  recovery  has  taken  place.  There  were  seen,  after  the 
Gloucester  epidemic,  cases  in  which  there 
was  only  the  slightest  suggestion  of  a  Ump, 
the  merest  trifle  of  deformity,  and  only  a 
slight  amomit  of  atrophy,  but  they  were 
unquestionably  cases  of  anterior  jDoliomye- 
litis,  and,  two  years  after  the  epidemic  in 
which  they  occurred,  there  was  demonstra- 
ble, though  slight,  e\'idence  of  the  nature  of 
the  original  disorder. 

Regions  Affected  by  the  Paralysis. 

Lower  Extremity. — The  commonest  sit- 
uation for  infantile  deformities  is  in  the 
lower  leg  and  foot.  Anterior  })oUomyelitis 
may  produce  paralysis  in  any  of  the  mus- 
cles of  the  leg,  and,  accordingly,  we  may 
see  every  possible  variety  of  club-foot,  in 
correspondence  ^^^th  the  particular  group 
of  muscles  affected.  Paralysis  of  the  ante- 
rior tibial  quite  frequenth'  occurs  alone,  the 
other  muscles  of  the  front  of  the  lower  leg 
[remaining  intact;  the  effect  of  this  is  to 
allow  the  foot  to  assume  a  valgus  position. 
{Vide  Figs.  582  and  583.)  AMien  the  ante- 
rior tibial  group  is  intact  and  the  peroneals 
and  common  extensors  are  paralyzed,  we 
then  find  the  predominant  feature  to  be  a 
varus  deformity.  (Vide  Figs.  584  and  585.) 
If  the  gastrocnemius  group  is  affected  by 
the  paralysis,  while  the  anterior  tibial  group 

I  remains  intact,  there  wiU  develop  a  deformity  of  the  calcaneus  variety.  {Vide 
Fig.  586.)  These  three  fundamental  positions  are  in  general  due  to  a  loss  of 
power,  either  partial  or  complete,  in  the  muscle  groups  just  described.  V^Tien 
the  muscles  affected  are  not  closely  confined  to  the  fundamental  types  then  we 
see  various  combinations — as,  for  example,  a  calcaneo-valgus  or  a  calcaneo- varus, 
a  talipes  equino-valgus,  or  a  talipes  equino-varus.     {Vide  Figs.  587  and  588.) 


Fig.  oiS2. — \'algus  I)eforn\ity.  Illus- 
trates the  abduction  of  the  fore  foot  and 
the  change  in  tlie  relation  of  the  long  axis 
of  the  foot  to  the  long  axis  of  the  leg. 
(Original.) 
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Under  some  circumstances  Ave  have  a  })artial  paralysis  of  the  gastrocnemius 
group,  combined  with  a  loss  of  power  in  the  intrinsic  muscles  of  the  foot  and  toes, 
and,  as  a  result  of  this,  the  anterior  ])ortion  of  the  foot  is  approximated  more 
closely  than  normal  to  the  i)Osterior  portion,  the  result  of  which  is  to  shorten 
the  foot,  raise  the  longitudinal  arch,  spread  out  the  anterior  arch,  and  flex  the 
toes  at  the  second  phalangeal  articulations — a  combination  of  conditions  to 


We.  V  ^^^^^^^^^Hk 


Fig.  583. — Valgus  Deformity.  Note  the  atropliy  of  the  calf,  particularly  of  the  anterior  tibial 
group,  arid  the  extreme  degree  of  valgus.  The  scaphoid  is  much  nearer  the  floor  than  is  normal, 
and  the  great  toe  is  rotated  so  that  the  side  of  the  toe  rests  on  the  ground  instead  of  its  plantar 
surface.     (Original.) 

which  the  name  "pes  cavus"  (vide  Fig.  587)  is  commonly  given.  Some- 
times the  contracture  of  the  flexors  of  the  toes  is  the  most  conspicuous  feature 
of  the  paralysis,  and  under  such  circumstances  a  paralytic  hammer-toe  deform- 
ity is  the  prominent  feature.     (Vide  Fig.  589.) 

At  the  knee  joint  infantile  paralysis  gives  rise  to  simple  flexion  of  the  knee 
when  the  quadriceps  extensor  is  partially  paralyzed;  when  the  jiaralysis  is 
more  complete  and  has  been  of  long  standing,  and  when  no  measures  have  been 
taken  to  overcome  the  contracture,  subluxation  of  the  tibial  upon  the  femoral 


INFANTILE  PARALYSIS. 


817 


condyles  takes  place.  A  certain  amount  of  knock-knee  is  generally  com- 
bined with  the  subluxation.  If  the  posterior  muscles  or  the  hamstrings  are 
affected,  then  a  genu  recurvatum, 
or  extreme  hyperextension  of  the 
leg  upon  the  thigh,  is  the  result. 
An  unmixed  knock-knee  deformity 
in  anterior  poUomyelitis  may  occur, 
but  is  not  usual.  Knock-knee  de- 
formity is  generally  associated  with 
rotation  of  the  tibia  outward.  (Vide 
Fig.  590.)  In  this  type  of  paralytic 
deformity  there  is  frequently  seen  an 
habitual  outward  luxation  of  the 
patella  caused  by  alteration  in  the 
direction  of  the  pull  of  the  quadri- 
ceps tendon  in  consequence  of  the 
knock-knee.  This  condition  is  also 
favored  by  a  shallowness  of  the  ex- 
ternal trochlear  surface  of  the  femo- 
ral condyle. 

At  the  hip  joint,  in  extreme  types 


Fig.  584. — Varus  Deformity.  Note  the  extreme 
varus  position  of  the  right  foot,  with  the  bursa  over 
the  cuboid  upon  which  weight  is  borne.  SUght 
tendency  to  paralytic  valgus  is  observable  in  the 
left  foot.     (Original.) 


of  anterior  poliomyelitis,  a  disloca- 
tion of  the  head  of  the  femur  may 
take  place.  Tliis  occasionally  gives 
rise  to  a  condition  simulating  con- 
genital dislocation  of  the  hip. 

Contracture  of  the  muscles  that 
originate  at  the  anterior  superior 
spine  of  the  iUum  may  produce  flex- 
ion of  the  thigh  without  causing  a 
dislocation.  Contracture  of  the 
tensor  vaginse  femoris  causes  an 
inward  rotation  of  the  thigh  which 
produces  considerable  deformity  and 
consequent  disability.  Adduction 
deformity  is  not  as  common  in  in- 
fantile paralysis  as  it  is  in  spastic 
cerebral  paralysis. 

Posterior  Aspect  of  the  Trunk. — 

Paralysis  of  the  spinal  muscles  may 

give  rise  to  seriously  disfiguring  deformities.     Rotation  of  the  column  is  a  very 

conspicuous  feature  of  the  scoliotic  deformity  and  is  dependent  upon  paraly- 

VOL.  IV. — 52 


Fig.  5So. — Varus  Deformity.  Illustrates  the 
maximum  voluntary  correction  of  varus  deformity 
shown  in  Fig.  584;  also  the  maximum  amount  of 
correction  of  valgus  deformity  shown  in  the  same 
figure.     (Original.) 
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sis.  (Vide  Fig.  591.)  Extreme  lordosis  is  sometimes  seen  in  paralyses  of  the 
erector  spinse.  In  paralysis  of  the  muscles  of  the  cervical  spine  there  is  no 
true  osseous  deformity,  but  the  head  is  allowed  to  drop  in  any  direction  and 
cannot  be  controlled  by  the  patient. 

Upper  Extremity. — Paralyses  of  the  upper  extremities  generally  concern 
the  shoulder,  elbow,  and  wrist.  In  the  shoulder  there  are  few  deformities. 
Sometimes  the  head  of  the  humerus  is  luxated  and  the  arm  is  rotated  in  much 
the  same  way  as  it  is  in  obstetrical  paralysis.  WTien  the  extensors  of  the  arm 
are  paralyzed  there  is  permanent  flexion  of  the  forearm.     Flexion  of  the  wrist 


Fig.  SSfi. — In  tlie  Picture  the  Calcaneus  Position  is  Clearly  Shown,  and  the  Deep  Broad  Heel,  the 
Bearing  Surface  of  which  is  Anterior  to  the  Internal  Malleolus,  is  well  Indicated.  P'lexion  of  the 
second  row  of  phalangeal  articulations  is  clearly  shown.     (Original.) 


and  permanent  flexion  of  the  fingers,  combined  with  subluxation  of  the  pha- 
langes upon  the  metacarpals,  constitute  the  most  conspicuous  of  the  paralytic 
deformities  of  the  forearm  and  hand  which  are  caused  by  anterior  polio- 
myelitis. 

Dislocations  of  the  peroneal  tendons  (Fig.  592)  frequently  occur  in  infantile 
paralysis;  the  posterior  tibial  tendon  is  also  similarly  dislocated.  (Vide  Fig. 
593.) 

Pathology. — As  has  been  stated,  it  is  rare  that  cases  of  anterior  poliomyelitis 
are  fatal  during  the  acute  attack  or  in  consequence  of  it.  The  patients  that  have 
died  in  the  acute  stage  of  the  disease,  and  that  have  come  to  autopsy,  show 
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either  distinct  inflammatory  changes  in  the  neurogha  as  well  as  in  the  nerve 
cells  or  else  merely  the  e^'idence  of  thrombosis  and  embolism.  The  patients 
showing  the  latter  condition  are  those  in  whom  the  acute  febrile  state  was  not 
present  as  a  precedent  of  the  paralysis,  and  they  constitute  a  very  small  pro- 
portion of  the  total  number  of  cases.  In  the  inflammatory  type  the  neurogha 
tissue  is  infiltrated  with  serum  and  a  considerable  extravasation  of  red  blood 
corpuscles;  leucocytes  and  round  cells  invade  the  area  of  inflammation  abun- 
dantly. The  ganghon  cells  become  cloudy  and  granular  in  appearance,  and  at 
a  more  advanced  stage  of  the  process  repair  commences  in  the  inflamed  region, 
the  gangUon  cells  shrink,  the  neurogha 
cicatrizes,  the  nerve  fibres  degenerate, 
and  the  entire  cord  at  the  seat  of  the 
trouble  becomes  smaller.  The  effects  of 
this  are  seen  peripherally  in  muscle,  nerve, 
connective  tissue,  and  blood-vessels.  In- 
asmuch as  the  sensory  nerves  are  not 
concerned,  the  skin  rarely  gives  any  e\i- 
dence  of  participation  in  the  pathological 
changes.  According  to  the  degree  of 
completeness  of  paralysis  the  muscles  are 
found  altered.  The  completely  paralyzed 
muscle  is  pale,  flaccid,  and  has  undergone 
considerable  transformation  into  fibrous 
tissue  in  some  cases;  in  other  cases  there 
are  e^•idences  that  fatty  degeneration  has 
taken  place.  The  nerve  trimks  show 
more  or  less  complete  degeneration ;  many 
fibres  may  be  intact  or  nearly  so,  show- 
ing that  the  ganghon  cells  from  which 
they  were  derived  are  functioning.  Blood- 
vessels show  ^-ar^'ing  degrees  of  com- 
pensatory endarteritis,  but  this  is  not  always  proportionate  to  the  grade  of 
paralysis  present.  The  changes  in  the  surface  temperature  always  noted  in 
this  disease  are  due  to  alterations  in  blood-vessels.  In  some  almost  com- 
pletely paralyzed  legs  we  find  an  excess  of  subcutaneous  fat,  more  sometimes 
than  would  be  accounted  for  by  the  nutrition  of  the  patient  in  other  respects. 
On  the  other  hand,  the  usual  condition  is  one  in  which  there  is  practically  no 
subcutaneous  fat,  fibrous  connective  tissue  ha^'ing  everywhere  in  great  measure 
taken  the  place  of  the  normal  tissues.  Growth  is  more  or  less  inhibited  in 
these  paralytic  cases,  and  this  seems  to  extend  to  bone  as  well  as  to  the  soft 
parts.  The  x-ray  shows  a  decided  diminution  in  shadow  A-alues  of  infantile 
bone,  and  also  reveals  the  fact  that  the  effect  upon  bone  is  not  merely  related 


Fig.  587. — Equino-varus  Deformity.  Il- 
lustrates the  most  extreme  tj-pe  of  parah'tic 
equino-varus  of  the  left  foot.  Note  p)osition 
of  the  heel  and  the  portion  of  the  foot  up>on 
which  weight  is  being  borne.  There  is  also 
a  considerable  degree  of  paralytic  equino- 
valgus  of  the  right  foot.     (Original.) 
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to  its  density,  but  also  to  its  actual  size,  as  shown  by  comparisons  of  the 
paralyzed  with  the  non-paralyzed  side.  The  bone  of  the  paralyzed  side  is 
smaller  than  that  of  its  non-paralyzed  fellow. 

Physical  Examination. — Attention  to  the  physical  signs  of  this  disease  is 
of  great  importance,  not  merely  to  enable  one  to  arrive  at  a  conclusion  regard- 
ing diagnosis,  but  also  to  aid  one  in  plan- 
ning treatment.  It  is  perhaps  worth  while 
to  spend  a  httle  time  in  going  over  the 
physical  signs  which  one  meets  in  this  form 
of  paralysis.  As  has  been  said  previously 
in  this  article,  the  distribution  of  paralysis 
may  be  very  irregular,  one  limb  being 
affected  in  one  part  and  its  fellow  in  an- 
other part;  in  the  same  limb  one  set  of 
muscles  may  escape  entirely,  whereas  an- 
other group,  whose  innervation  is  nearly 
the  same,  may  be  wholly  or  only  partially 
paralyzed.  It  is  this  very  irregularity  in 
the  distribution  of  paralysis  which  is  sug- 
gestive in  diagnosis.  The  flaccid  character 
of  the  muscles  is  almost  invariably  noted. 
The  reflexes  at  the  knee  may  be  wholly 
obliterated  or  they  may  be  simply  markedly 
diminished.  Often  the  knee-jerk  on  one 
side  may  be  Hvely  or  relatively  so,  while 
that  of  its  fellow  will  have  entirely  disap- 
peared. There  is  no  ankle  clonus.  A 
tendency  to  contracture  may  manifest  itself 
early.  This  may  not  appear  on  gross  ex- 
amination, but,  when  attempts  are  made 
to  put  the  feet  or  the  knees,  for  example, 
through  their  normal  arcs  of  motion,  these 
tendencies  will  become  manifest.  Com- 
parative examinations  are  always  valuable 
in  this  connection.  It  may  be  that  the 
first  sign  of  this  tendency  will  be  noted  in 
the  way  in  which  a  shoe  wears  out  or  runs 
over.  An  essential  part  of  the  examination  of  these  patients  is  always  the 
active  and  passive  exercise  of  the  patient's  muscles.  Much  can  be  learned 
from  this  feature  of  the  physical  examination.  It  gives  information  of  diag- 
nostic value  and  enables  the  examiner  to  estimate  the  quantitative  func- 
tional values  of  the   paralyzed   muscles  and  how  much  assistance   may  be 


Fig.  588.  —  Talipes  Calcaneus.  This 
figure  illustrates  the  shape  of  the  heel  in 
talipes  calcaneus  and  .shows  the  tendency 
of  the  foot  in  these  cases  to  assume  a  val- 
gus position  in  addition  to  the  calcaneus. 
(Original.) 
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expected  of  the  partially  paralyzed  in  the  performance  of  the  duties  expected 
of  them.  In  cases  in  which  deformity  has  not  declared  itself  as  such,  much  in- 
formation of  value  in  preventing  its  development  may  be  secured  by  testing 
the  passive  motion  of  joints  in  the  paralyzed  region  in  order  to  estimate  how 
much,  if  any,  hmitation  exists  and  in  what  direction  it  is  most  marked.  In 
such  a  direction  deformity  will  unquestionably  develop,  and  much  may  be 
done  to  lessen,  if  not  actually  prevent,  it.  ^Mien  the  child  is  old  enough  to 
receive  the  greatest  benefit  from  tendon  transplantation  it  is  old  enough  to 
assist  in  bringing  out  the  information 
which  it  is  necessary  to  possess  in 
order  to  determine  what  operation  is 
best  to  employ.  For  this  reason  a 
diminution  of  the  amount  of  motion 
and  the  strength  with  which  such  mo- 
tion can  be  made  in  the  joints  about 
which  muscles  are  paralyzed  is  of 
greater  value  in  most  cases  than  are 
the  electrical  reactions.  In  children 
the  appUcation  of  electrical  tests  is  dif- 
ficult, and  the  results  are  often  indefi- 
nite for  this  reason.  In  adults  or 
older  children  they  are  not  necessary. 
In  a  muscle  affected  by  infantile  paral- 
ysis, after  the  first  week  has  passed, 
irritabihty  to  a  faradic  current  is 
lost:  it  preserves  its  irritabihty  to  a 
galvanic  current,  but  instead  of  gi\'ing 
its  greatest  response  when  the  nega- 
tive pole  is  closed,  as  is  the  case  in 
normal  muscle,  it  yields  its  greatest 
reaction  upon  the  closure  of  the  posi- 
tive pole,  and  reaction  is  more  tardy 

than  it  is  in  healthy  muscular  tissue,  and  is  produced  only  by  much  more 
powerful  currents  than  are  required  in  healthy  muscle.  This  is  known  as 
the  reaction  of  degeneration  and  is  of  more  value  in  determining  the  possi- 
bihties  of  restoration  or  preservation  of  conductivity  in  paralyzed  and  partially 
paralyzed  nerve  trunks  than  it  is  as  an  aid  to  diagnosis. 

Differential  Diagnosis. — In  the  average  case  of  anterior  pohomyeUtis  in 
•infancy  and  childhood,  whether  in  the  sporadic  or  in  the  epidemic  t\T)e,  there 
should  be  no  insurmountable  difficulties  in  arriving  at  a  diagnosis.  "\Mien  this 
disease  attacks  an  adult  it  is  oftentimes  an  extremely  difficult  matter  to  exclude 
other  forms  of  paralysis.     In   childhood   paralytic  symptoms  are  generally 


t 

[ 

Fig.  589. — Pes  Ca\-us.  Illustrates  pes  ca^-us  in 
the  right  foot  and  j)es  ca\-us  combined  with  val- 
gus in  the  left  foot.  Note  the  position  of  the 
toes  (hanuner-toe)  and  how  all  the  weight  is 
borne  UfHjn  the  ends  of  the  metatarsals;  the 
proximal  phalanges  are  neariy  at  right  angles  to 
the  metatarsals.  Contracture  of  the  tendo 
Achillis  in  both  limbs  prevents  dorsiflexion  of 
the  foot  beyond  a  right  angle.     (Original.) 
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ushered  in  with  a  febrile  attack,  and  loss  in  power  is  not  detected  in  many  cases 
until  convalescence  from  the  fever  has  been  established.  Adults,  on  the  other 
hand,  are  stricken  with  paralytic  symptoms  without  any  warning  in  many 
instances,  or,  at  most,  there  are  only  a  slight  indisposition  and  malaise  for  a 
few  days  before  the  loss  of  motor  power  takes  place.  It  is  in  these  patients 
that  a  diagnosis  of  peripheral  neuritis,  transverse  myeUtis,  or  even  Landry's 
paralysis  is  often  made. 

The  three  characteristics  of  anterior  poliomyelitis  (in  the  infant)  which  are 
most  constant  and  pathognomonic  are:  (1)  Suddenness  in  the  development  of 


Fig.  590. — The  Same  Case  as  that  Shown  in  Fig.  589.  Shows  the  effect  of  vohintary  effort  to 
dorsiflex  both  feet;  the  right  is  pulled  into  a  position  of  valgus  and  the  equinus  is  not  changed;  the 
left  cannot  be  flexed  to  a  right  angle.     Hammer-toes  in  both  feet  are  exaggerated.     (Original.) 

acute  febrile  disturbances,  accompanied  or  shortly  followed  by  (2)  a  more  of 
less  unevenly  distributed  paralysis;  and  (3)  the  disappearance  of  more  or  less 
of  the  initial  paralysis  within  a  comparatively  short  time,  with  the  persistence 
of  some  of  it  as  a  permanent  legacy.  These  three  clinical  signs,  if  diligently 
sought  for  and  studied,  are  usually  sufficient  for  a  diagnosis.  In  addition  to 
them,  tests  of  the  reflexes,  which  are  absent  in  the  badly  affected  Umbs,  and  the 
determination  of  the  reaction  of  degeneration  in  the  early  weeks  of  paralysis, 
afford  helpful  hints  in  doubtful  cases.  The  development  of  deformities,  because 
of  inequality  in  the  distribution  of  paralysis,  is  very  significant. 
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The  more  important  diseases  or  deformities  from  which  it  is  necessary  to 
differentiate  anterior  poliomyelitis  are:  Spastic  cerebral  paralysis  in  children 
and  transverse  myeUtis  in  the  adult;  Pott's  paraplegia,  diphtheritic  paralysis, 
obstetrical  paralysis,  the  pseudo-paralyses  caused  by  rickets  and  scorbutus, 
multiple  neuritis,  muscular  dystrophies,  rheumatism,  and  joint  diseases.  Occa- 
sionally deformities  which  are  caused  by  infantile  paralysis — as,  for  example, 
dislocations  of  the  hips  which,  though  rare,  do  occur,  as  the  result  of  the  paraly- 
sis— are  not  recognized  as  being  due  to  this  cause.     Infantile  and  congenital 


Fig.  591. — Equintis  Deformity.  Note  equinus  deformity  of  right  foot:  atrophy  ot  the  calf  of 
the  right  leg.  particulariy;  and  the  contraction  of  all  the  toes  of  the  right  foot  with  the  high  instep 
characteristic  of  pes  ca\-us.  This  shows  a  little  more  clearly  than  Fig.  590  does  the  abnormallj-  high 
longitudinal  arch  caused  by  contracture  of  the  plantar  fascia.     (Original.) 


club-foot  may  be  confused  for  a  time,  ^'ery  frequently  the  lighter  attacks  of 
paralysis  are  overlooked  entirely,  and  a  weakened  anterior  tibial  muscle  may 
be  a  cause  for  the  development  of  valgus,  the  reason  for  which  had  never  been 
appreciated.  In  the  same  way,  though  with  extreme  rarity,  torticollis  may 
be  accounted  for.  It  is  of  quite  as  much  importance,  in  these  rare  instances 
of  the  association  of  deformity  ^Nith  an  infantile  paralysis  as  its  etiologic  factor, 
that  this  relation  should  be  recognized  as  it  is  in  conditions  where  confusion 
in  diagnosis  arises  from  similarity  in  symptoms. 

Spastic  Infantile  Paralysis.— This   condition   is  usually  the    result    of   a 
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birth  palsy,  and  therefore,  in  the  majority  of  instances,  it  occurs  earher  than 
do  most  cases  of  anterior  poHomyehtis.  In  cerebral  paralysis  the  muscles  are 
in  a  state  of  tonic  spasm,  while  the  muscle,  in  a  case  of  infantile  paralysis,  is 
flaccid.  The  tendon  reflexes  in  cerebral  paralysis  are  exaggerated,  while  they 
are  generally  much  diminished  or  wholly  absent  in  infantile  paralysis.  In 
most  instances  spastic  paralysis  involves  the  muscles  either  as  a  monoplegia, 
or  a  diplegia,  or  a  hemiplegia,  whereas  in  infantile  paralysis  there  is  much  less 

tendency  for  the  paralysis, to  be  evenly  dis- 
tributed. There  are  many  other  fine  differ- 
ential points,  but,  as  a  rule,  these  will  suffice. 
Transverse  Myelitis. — This  is  a  disease  of 
adult  life  generally.  It  is  of  sudden  onset  and 
differs  in  its  manner  of  commencement  from  the 
infantile  type  of  anteripr  pofiomyeHtis.  Sphinc- 
teric  involvements  and  bedsores  are  very  com- 
mon in  transverse  myelitis  and  are  practically 
unknown  in  infantile  paralysis.  Sensory  dis- 
turbances also  characterize  transverse  myelitis, 
which  is  not  the  case  in  infantile  paralysis. 

PoWs  Paraplegia. — The  paralysis  or  weak- 
ness of  Pott's  disease  is  almost  always  char- 
acterized by  spasticity;  rarely  is  it  flaccid. 
The  knee-jerks  are  generally  exaggerated,  and 
there  is  an  ankle  clonus  in  well-marked  cases. 
The  presence  of  a  kyphos,  or,  if  this  is  absent, 
of  rigidity  in  the  spinal  muscles,  gives  a  strong 
intimation  of  the  existence  of  a  tuberculous 
lesion  and  pressure  upon  the  cord. 

Diphtheritic  Paralysis. — It  would  be  diffi- 
cult to  confuse  infantile  paralysis  with  this  if 
there  had  been  a  frank  attack  of  diphtheria, 
but  the  throat  symptoms  of  diphtheria  may 
be  very  slight  and  transient,  and  under 
such  circumstances  muscular  weakness  w^hich 
showed  signs  of  improvement  might  cause 
some  confusion  for  a  time.  Diphtheritic  paralysis,  however,  entirely  clears  up^ 
but  that  due  to  anterior  poliomyelitis  never  entirely  disappears. 

Obstetrical  Paralysis. — This  always  concerns  one  upper  extremity,  dates 
from  birth,  which  covers  a  time  when  infantile  paralysis  has  not  been  described 
as  having  occurred,  and  a  region  of  the  body  rarely  affected  by  it.  The  charac- 
teristic deformity  of  obstetrical  paralysis — viz.,  the  inward  rotation  of  the  arm 
and  hand — should  be  sufficiently  characteristic. 


Fig.  592. — Note  the  Knock-knee  De- 
formity Caused  by  Paralysis  of  the 
Hamstrings.  Observe  the  rotation  of 
the  tibia,  the  angle  of  inclination  of 
the  tibial  condyles,  and  the  compensa- 
tory varus.     (Original.) 
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Pseudo-paralyses. — In  the  acute  stages  of  rickets  and  scorbutus  there  are 
great  muscular  tenderness  and  pain  when  the  affected  parts  are  handled  or 
when  one  attempts  to  move  one's  self,  and  in  consequence  of  this  muscular  ten- 
derness there  is  loss  of  power  and,  in  some  cases,  even  temporarj^  paralysis. 
The  signs  of  the  constitutional  diathesis  should  be  looked  for  in  rickets,  the 
epiphyseal  enlargements,  deformities,  kyphosis,  etc.;  and,  in  scorbutus,  sub- 
periosteal hemorrhages    and   bleeding   gums.     The  active  stage   of  infantile 


Fig.  593. — Cut  Shows  the  Marked  Paralysis  of  the  Erector  Spins  aiid  Quadratus  Lumborum 
Muscles.  Note  the  excellent  muscular  development  of  the  upper  part  of  the  trunk  and  the  narrow 
spindle  waist.  The  rotation  of  the  vertebris  is  quite  marked,  as  i.s  also  the  lateral  deviation  of  the 
spinous  processes.     (Original.) 

paralysis  is  characterized  by  pain  in  the  muscles  and  soreness  when  they  are 
handled,  but  here  the  similarity  stops. 

Multiple  Neuritis. — This  is  of  great  importance  to  recognize  in  the  case 
of  adults  with  symptoms  of  anterior  pohomyelitis,  A  history  of  poisoning 
by  some  chemical  substance,  e.g.,  arsenic,  or  of  a  toxic  infection  after  any  of 
the  infectious  diseases,  is  suggestive  of  multiple  neuritis.  Sensory  distiu-b- 
ances  along  the  paths  of  the  nerves  are  very  common  and  persistent  in  multi- 
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pie  neuritis.  The  predilection  of  the  paralysis  for  the  extensor  groups  and  its 
symmetrical  distribution  serve  to  indicate  the  presence  of  multiple  neuritis 
rather  than  of  anterior  poliomyelitis. 

Dystrophy. — The  muscular  dystrophies  are  gradual  in  their  development 
and  ought  never  to  be  a  cause  of  confusion  in  the  diagnosis  of  infantile  par- 
alysis. There  are  two  types  of  these :  The  scapulo-humeral  type  and  the  in- 
fantile type  of  Erb,  which  involves  the  arms  and  muscles  of  the  spine.  The 
gradual  onset  and  progressive  character  of  symptoms  serve  to  distinguish  this 
disease  from  anterior  poHomyeUtis. 

Rheumatism. — There  is  no  likelihood  of  error  in  differential  diagnosis  in 
this  connection  except  in  the  early  acute  stage  of  these  two  diseases.  AMien 
all  the  muscles  are  sore  and  tender  to  pressure,  as  they  may  be  in  both  diseases, 
and  the  febrile  disturbance  is  at  its  height,  errors  have  been  made  in  recogniz- 
ing infantile  paralysis,  but  when  acute  symptoms  are  not  succeeded  by  paraly- 
sis there  should  be  no  difficulty  in  diagnosis,  and,  in  case  paralysis  has  succeeded, 
the  indications  are  clear  that  a  rheumatic  diagnosis  was  incorrect.  In  this 
case,  as  in  some  others,  the  only  real  importance  of  a  right  diagnosis  is  in  prog- 
nosis. It  is  obviously  unfortunate  for  the  reputation  of  the  physician  to  diag- 
nosticate the  acute  stage  of  infantile  paralysis  as  rheumatism  and  later  on  be 
obliged  to  account  for  a  paralysis. 

Treatment. — The  treatment  of  anterior  poUomyelitis  must  be  considered 
from  two  points  of  view.  The  acute  cases  have  to  be  cared  for,  and,  though 
it  probably  makes  but  little  difference  so  far  as  the  extent  of  the  paralysis 
and  the  ultimate  amount  of  relief  afforded  are  concerned,  what  measures  are 
adopted,  careful  nursing  will  doubtless  contribute  to  the  comfort  of  the  patient 
and  may  possibly  shorten  the  course  of  the  inflammation.  Liquid  diet,  ice 
bags  to  the  spine,  cold  sponging  to  reduce  temperature,  and  free  catharsis 
should  be  enjoined  during  the  febrile  stage.  Massage  and  electricity  should 
not  be  commenced  until  convalescence  from  the  acute  period  has  been  well 
estabhshed  and  muscular  soreness  has  disappeared.  The  acute  stage  is  a 
short  one,  even  in  the  more  severe  types  of  disease,  and  active  treatment  such 
as  has  been  outhned  does  not  need  to  be  long  continued.  Where  the  infection 
was  a  sharp  one  or  the  child  was  not  in  good  condition  when  the  trouble  com- 
menced, tonic  treatment  and  out-of-door  life  should  be  encouraged  as  early  in 
convalescence  as  is  practicable. 

The  measures  available  for  the  relief  of  the  chronic  cases  may  be  divided 
into  three  classes,  viz.:  physical  therapeutics,  mechanical  therapeutics,  and 
operative  treatment.  Though  all  cases  may  require  at  some  time  during  their 
progress  all  three  of  these  methods  of  treatment,  it  is  more  convenient  to  con- 
sider them  separately. 


INFANTILE  PARALYSIS. 


827 


Physical  Therapeutics. 

As  early  as  possible  after  soreness  of  the  muscles  has  disappeared  and  the 
febrile  condition  has  entirely  passed,  it  is  proper  to  commence  with  physical 
measures  of  all  sorts.  The  object  of  such  treatment  is  to  restore  as  great  a 
degree  of  power  in  partially  paralyzed  muscles  as  it  is  possible  to  secure;  to 
keep  up  the  blood  supply  to  the  affected  Umb  to  as  near  that  which  is  required 
for  healthy  functioning  muscles  as  is  possible;  to  substitute  for  the  impossible 
active  exercise  of  the  joints,  muscles,  and  tendons  an  amount  of  passive  ex- 
ercise which  shall  in  some  measure  approximate  it;  to  preserve  the  balance 


Fig.  594. — Note  the  Displacement  of  the  Peroneus  Longus  Tendon  over  the  Anterior  Surface  of 
the  External  Malleolus.  The  position  of  the  foot  is  due  to  paralysis  of  the  posterior  calf  muscles. 
Contrast  with  Fig.  595,  which  shows  the  displacement  of  the  posterior  tibial.     (Original.) 

between  opposing  muscle  groups  as  long  as  possible  by  insisting  upon  motion 
of  joints  in  which  contracture  is  likely  to  occur,  in  order  that  tenotomy  may 
be  forestalled ;  to  prevent  the  development  of  deformities,  which  are  disfigur- 
ing in  themselves  and  cause  permanent  impairment  of  joints  through  inter- 
ference with  their  function.  The  importance  of  utilizing  motion,  however 
slight  it  may  be,  especially  when  it  can  be  done  with  the  joints  in  good  posi- 
tion, is  too  little  emphasized.  The  employment  of  all  measures  which  tend 
to  do  this  will  improve  the  ultimate  result  in  a  given  case.  In  patients  in  whom 
the  paralysis  has  selected  certain  groups  of  muscles,  lea\ing  others  intact  or 
nearly  so,  there  is  greater  tendency  to  deformity  than  in  the  case  of  a  total 
paralysis  of  muscles;  such  conditions  require  extra  effort  to  prevent  deform- 
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ity.  When  deformity  is  allowed  to  develop,  gravity  adds  its  influence  to  the 
factors  governing  the  production  of  distortion. 

Massage. — Massage  is  the  measure  which  is  most  employed  in  the  treat- 
ment of  infantile  paralysis.  Its  value  is  great,  but  it  should  be  continued 
much  longer  than  it  is  generally  practised  if  it  is  to  attain  its  best  results.  Any 
of  these  procedures  must  be  continued  through  the  growing  period  of  child- 
hood in  order  to  be  most  effective.  The  monotony  of  their  practice  leads  to 
their  being  given  up,  as  a  rule,  just  at  a  time  when  their  greatest  efficiency  is 
being  demonstrated.  Hand  massage  is  all  that  can  usually  be  obtained,  and 
skilled  service  of  this  kind  is  oftentimes  impossible  to  procure.  Mechanical 
massage  has  certain  advantages  over  unskilled  hand  massage,  and,  where  the 
latter  cannot  be  carried  out,  mechanical  vibrators  ma}'-  be  substituted  with 
much  benefit.  Pendulum  apparatus,  in  the  nature  of  the  Zander  machines, 
is  of  much  assistance  in  stretching  out  contracting  tendons  as  well  as  in  afford- 
ing a  substitute  for  voluntary  physical  exercise.  In  the  neighborhood  of  the 
large  cities  such  apparatus  is  readily  available  and  should  be  persistently 
employed.  Where  it  is  impossible  to  have  the  advantages  of  such  apparatus, 
passive  stretching  exercises  carried  out  daily  will  yield  excellent  results.  Con- 
tractures about  the  feet  and  ankles,  in  the  popliteal  region,  and  in  those  tendons 
which  come  from  the  anterior  superior  spines  of  the  ilium  are  the  ones  to  which 
such  measures  are  most  applicable. 

Electricity. — Electricity  has  in  the  past  had  the  widest  application  of  any 
therapeutic  agent,  with  the  possible  exception  of  massage.  It  has  been  cus- 
tomary to  begin  within  a  few  weeks  after  acute  symptoms  have  ceased,  and 
continue  for  a  year  or  two.  It  is  probable  that  it  accomphshes  a  considerable 
amount  of  good,  but  that  it  is  decidedly  less  beneficial  than  persistent  massage 
and  stretching.  The  principal  benefit  to  be  derived  from  electricity  is  in  the 
stimulation  of  the  individual  muscle  fibres.  Very  httle  result  is  produced  upon 
the  circulation  of  the  Hmb  by  the  use  of  electricity,  and  it  is  the  stimulation 
of  the  circulation  which  has  the  greatest  effect  upon  the  growth  of  the  part. 

Artificially  Produced  Hypercemia. — Active  hypersemia  is  of  much  benefit  in 
infantile  paralysis.  This  is  best  brought  about  by  the  application  of  dry  heat. 
Some  form  of  heater  which  adapts  itself  to  the  shape  of  the  part  to  be  treated 
should  be  sought,  and  the  entire  affected  limb  subjected  to  heat  for  periods  of 
from  twenty  minutes  to  half  an  hour,  three  or  four  times  per  week.  More 
recently,  electric-light  baths  are  being  used  rather  more  extensively  than  the 
heat  of  gas-burners  or  alcohol  lamps.  The  electric  ray  is  thought  to  have  some 
especial  stimulating  effect  in  addition  to  the  benefit  attributable  to  the  heat. 
Where  neither  of  these  methods  of  applying  heat  is  available,  a  very  good 
though  less  convenient  substitute  may  be  found  in  the  hot  pack  or  fomenta- 
tion, or  by  baking  in  hot  sand.  The  beneficial  influence  of  this  treatment  upon 
paralyzed  limbs  is  quickly  noticeable  in  the  improvement  of  circulation.     After 
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a  few  treatments  it  is  frequently  noted  that  the  surface  temperature  and  color 
of  the  Hmb  remain  permanently  improved  in  the  intervals  between  treatments. 
Hydrotherapy. — Another  method  of  producing  active  hypersemia  is  by 
means  of  showers  and  sprays  of  water  at  different  degrees  of  temperature  and 
under  vaiying  degrees  of  pressure.     These  are  often  given  in  conjunction  with 


Fig.  595. — Xote  the  Relation  of  the  Internal  Malleolus  to  the  Back  of  the  Os  Calcis  and  the  Pos- 
■terior  Tibial  Tendon.  Also  note  the  contracture  of  the  extensor  of  the  great  toe  and  the  prominence 
of  the  ball  of  the  great  toe,  a  deformity  frequently  associated  with  calcaneus.     (Original.) 

the  appUcation  of  heat.  The  appHcations  are  more  efficacious  the  more  per- 
fect are  the  appUances  for  bringing  about  the  treatment,  but  the  same  effects 
may  be  secured  by  homely  methods  and  without  expensive  paraphernalia. 


Mechanical    Treatment. 

Apparatus  is  employed  in  the  treatment  of  anterior  poliomyelitis  to 
prevent  contractures  and  consequent  deformity  and  to  enable  such  joints 
as  the  ankle  and  knee  to  be  properly  supported  in  order  that  the  func- 
tion of  the  leg  may  not  be  more  seriously  impaired  than  is  made  necessary 
by  the  loss  of  power  in  the  muscles  which  under  normal  conditions  control 
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motion.  The  tendency  has  been  to  apply  apparatus  in  these  cases  very 
early,  not  waiting,  oftentimes,  for  the  evidence  of  contractures  and  deformity. 
The  joints  most  frequently  concerned  are  those  of  the  ankle,  knee,  and  hip. 
Occasionally  the  spine  requires  mechanical  support.  Apparatus  should  not  be 
applied  until  there  is  evidence  of  the  development  of  deformity  when  weight 
is  borne ;  it  being  assumed,  of  course,  that  the  measures  already  prescribed  for 
the  purpose  of  overcoming  contractures  have  been  followed  out  faithfully, 
though  ineffectually.  If  apparatus  is  put  on  too  soon,  there  is  much  less  likeli- 
hood that  weak  muscles  will  have  a  good  chance  to  develop  to  the  fullest 
extent;  and  function,  that  most  important  factor  in  growth  and  development, 
will  be  interfered  with.  Patients  should,  therefore,  be  seen  often  enough  to 
render  it  certain  that  those  who  are  responsible  for  carrying  out  treatment  are 
kept  up  to  their  task  and  that  the  monotony  of  this  routine  is  varied  as  much 
as  .may  be  by  the  addition  of  new  exercises  and  the  modification  of  old  ones, 
and  also  to  satisfy  one's  self  that  the  time  for  the  application  of  apparatus  has 
not  arrived.  Contractures  develop  because  of  the  lack  of  balance  between  the 
stronger  and  weaker  muscle  groups,  and  the  mere  fact  that  one  strong  group 
is  pulling  constantly  against  a  weak  one  tends  to  make  the  weak  one  weaker. 
There  may  be  considerable  power  left  under  such  circumstances  in  a  muscle 
which  is  seemingly  wholly  paralyzed.  Tenotomy  or  the  use  of  apparatus  so 
constructed  as  to  relieve  tension  between  unbalanced  muscle  groups  will  often- 
times restore  power  in  part  to  a  seemingly  paralyzed  muscle.  The  non-par- 
alyzed muscle  which  is  responsible  for  the  overbalancing  becomes  eventually 
much  weakened  because  of  the  physiological  disadvantage  under  which  it  is 
laboring.  Though  the  recognition  of  these  facts  is  of  greater  significance  in 
planning  operative  treatment,  it  is  of  considerable  impoi  tance  in  enabling  one 
to  decide  upon  the  proper  time  for  commencing  mechanical  treatment. 

In  paralyses  affecting  the  muscles  of  the  calf,  plaster  of  Paris  is  frequently 
employed  with  advantage,  especially  in  the  early  stages  of  an  equinus.  If 
manual  stretching  can  overcome  the  tendency  to  plantar  flexion,  the  foot  may 
be  encased  in  plaster  in  a  position  of  as  great  dorsiflexion  as  can  be  obtained. 
In  such  cases  the  plaster-of-Paris  sphnt  should  be  made  heavy  enough  for  the 
patient  to  walk  upon,  and  walking  should  be  encouraged.  By  changing 
the  plaster  at  frequent  intervals  it  is  often  possible  to  keep  the  contracture 
under  control  and  prevent  permanent  deformity.  Eventually,  this  may  be 
changed  to  a  Taylor  club-foot  shoe,  such  as  is  shown  in  Fig.  596.  In  the 
reverse  deformity,  viz.,  calcaneus,  the  same  treatment  is  applicable,  though 
with  less  Hkelihood  of  a  permanently  successful  result,  for  the  pull  of  the 
flexors  is  then  harder  to  antagonize  than  that  of  the  extensors.  When  vams  is 
combined  with  equinus,  and  the  Taylor  shoe  is  employed  to  correct  it,  the  up- 
right of  the  brace  should  be  on  the  inside  of  the  leg,  and  there  should  be  a 
right-angled  stop-joint  at  the  ankle  so  arranged  as  to  prevent  plantar  flexion 
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of  the  foot,  but  permitting  dorsiflexion.  The  foot-plate  of  the  brace  should  be 
tilted  so  as  to  throw  the  foot  into  a  position  of  valgus.  If  valgus  compUcates 
the  equinus,  the  upright  should  be  on  the  outside  of  the  leg  and  the  arrange- 
ment of  the  stop-joint  should  be  the  same  and  the  foot-plate  should  be  so  tilted 
as  to  throw  the  foot  into  a  varus  position.  WTien  calcaneus  is  the  deformity, 
the  upright  should  be  an  outside  one  when  valgus  is  the  compUcating  deform- 
ity; and  it  should  be  placed  upon  the  inside  when  it  is  varus,  but  the  stop 
should  be  reversed  so  that  dorsiflexion  will  be  prohibited  and  plantar  flexion 


I 


Fig.  596. — Brace  for  Talipes  Equino-varus.  The  sole-plate  does  not  show.  The  foot  is  held 
on  this  plate  by  the  straps  which  cross  the  dorsum  of  the  foot.  There  is  a  right-angled  stop-joint  to 
prevent  plantar  flexion.     This  is  the  type  of  brace  used  for  talipes  equino-varus.     (Original.) 

be  allowed.  Such  a  brace  as  this  is  easily  constructed,  and  measurement 
for  it  is  not  particularly  difficult.  A  sole -piece  should  be  cut  out  of  leather 
board  the  width  of  the  foot  and  long  enough  to  extend  from  the  metatarso- 
phalangeal articulations  to  the  back  of  the  heel.  The  distance  from  the  sole 
to  the  malleolus,  outer  or  inner,  according  to  whether  it  is  to  be  a  varus  or  a 
valgus  shoe,  should  then  be  recorded,  and  a  measurement  should  also  be  made 
of  the  distance  from  tlie  sole  to  the  top  of  the  splint,  which  is  just  below  the 
knee  joint  at  the  maximum  circumference  of  the  calf.  The  circumference  of 
the  calf  at  this  point  should  then  be  measured.     From  these  measurements 
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any  competent  instrument  maker  should  be  able  to  construct  a  satisfactory 
brace.     The  position  of  the  stop  in  the  ankle  joint  should  also  be  indicated. 

In  cases  of  pes  cavus  the  employment  of  apparatus  is  often  called  for.  In 
this  deformity  flexion  of  the  proximal  phalanges  causes  the  weight  to  be  borne 
unduly  upon  the  balls  of  the  toes.  The  result  of  this  is  that  calluses  develop 
in  this  situation  and  on  the  tops  of  the  toes  where  the  distal  end  of  the  proxi- 
mal phalanx  meets  the  proximal  end  of  the  second  phalanx.  Plates  similar 
to  those  employed  in  the  relief  of  flat-foot,  particularly  the  type  affecting  the 
anterior  arch,  Uft  the  weight  off  these  joints,  cause  the  calluses  to  disappear 
in  some  cases,  and  tend  to  extend  the  second  upon  the  third  phalanges  to  a 
slight  degree.  Such  supports  should  be  fashioned  over  a  plaster  cast  of  the 
foot  and  require  rather  nice  adjustment. 

"Wlien  paralysis  of  the  lower  leg  is  accompanied  by  loss  of  power  in  the 
extensor  muscles  of  the  thigh  to  such  a  degree  that  flexion  of  the  leg  cannot  be 
prevented  when  weight  is  borne  upon  the  extended  limb,  then  an  apparatus 
must  be  devised  which  extends  from  where  the  Taylor  brace  for  paralysis  of 
the  lower  leg  ends,  up  to  the  pelvis.  It  has  to  be  a  much  stronger  and  therefore 
heavier  piece  of  apparatus.  It  is  made  with  a  "drop-catch"  joint  at  the  knee, 
permitting  of  easy  unlocking  of  the  joint  when  the  patient  desires  to  sit  down, 
and  locking  of  it  in  the  extended  position  of  the  leg  when  he  desires  to  stand 
or  walk.  Above  the  knee  to  the  level  of  the  perineum  and  below  the  knee  to 
the  calf-band  of  the  leg-piece  of  the  Taylor  club-foot  shoe  there  are  two  uprights. 
From  the  top  of  the  thigh-band,  w^hich  is  located  at  about  one  inch  and  a  half 
below  the  line  of  the  perineum,  there  is  only  one  upright,  on  the  outer  side  of 
the  thigh;  this  continues  as  far  as  the  greater  trochanter,  where  there  is  a  free 
joint,  and  from  there  it  is  prolonged  to  a  short  pehic  band  attached  by  a  free 
joint  to  the  top  of  this  upright  at  the  level  of  the  anterior  superior  spine  of  the 
ilium.  The  ends  of  the  pelvic  band  are  joined  by  a  strap  encircling  the  body 
at  this  level  and  buckled  into  the  ends  of  the  pelvic  band.  In  cases  of  paraly- 
sis of  both  thighs  and  both  legs  such  an  apparatus  as  that  just  described 
is  made  for  each  leg.  Though  heavy  and  cumbersome,  it  is  possible  by  its 
use  to  enable  patients  to  get  about  who  otherwise  would  be  helpless.  They 
commonly  have  to  use  crutches  also.  It  would,  of  course,  be  impossible  to  use 
such  apparatus  upon  patients  in  whom  there  was  much  deformity.  For  exam- 
ple, marked  contractures  of  the  muscles  having  their  origin  at  the  anterior 
superior  spines  or  of  the  hamstrings  or  of  the  tendo  Achillis,  or  any  very  marked 
degree  of  knock-knee,  would  contra-indicate  the  use  of  such  braces  until  these 
contractures  had  been  overcome. 

A  rarer  deformity  at  the  knee  is  genu  recurvatum,  and  this  may  require 
mechanical  treatment.  The  problem  in  this  condition  is  to  prevent  hypcr- 
€xtension  of  the  leg  at  the  knee,  and  a  simpler  form  of  apparatus  than  that 
just  described  will  suffice  in  such  cases.    Paralysis  of  the  lower  leg  is  not  so 
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commonly  associated  with  paralytic  genu  recurvatum.  Tlie  essential  principle 
in  the  construction  of  apparatus  suitable  for  controlling  this  deforniit}'  is  the 
arrangement  of  the  straps  and  pressure  pads  in  such  a  manner  that  the  leg 
cannot  extend  beyond  the  point  of  complete  extension.  Leather  leg  splints 
may  be  made  to  answer  this  purpose  where  it  is  impossible  to  secure  the  ser- 
vices of  an  expert  instrument  maker.  A  plaster  cast  of  the  leg  taken  in  an 
extended  position  should  be  made  to  serve  as  a  model  for  the  construction  of 
a  leather  splint,  which  could  be  cut  in  two  at  the  knee  joint,  and  any  black- 
smith should  be  able  to  attach  two  side  steels  A\ith  a  simple  joint  wliich  could 
be  stopped  at  complete  extension.  Tlie  construction  of  infantile  apparatus 
which  extends  from  the  sole  to  the  pelvis  requires  the  services  of  an  expert 
mechanician,  and  imless  properly  constructed  and  carefully  fitted  it  is  often- 
times a  very  unsatisfactory  support. 

Braces  to  support  the  paralytic  spine  are  practically  always  constructed 
on  the  principle  of  the  jacket,  usually  made  of  leather.  Occasionally  alumi- 
num or  paper  has  been  employed  in  their  construction.  They  are  moulded 
over  a  plaster  torso  of  the  individual,  in  the  making  of  which  correction  has 
been  made  to  as  great  a  degiee  as  possible.  Paralytic  scoliosis  is  of  an  extreme 
tyjDe,  as  a  rule,  but  by  extension  of  the  trunk  while  the  model  is  being  taken, 
and  by  sha\'ing  off  parts  of  the  torso  after  the  mould  has  been  filled,  consider- 
able correction  of  the  deformity  as  shown  on  the  model  may  be  effected.  A 
leather  jacket  built  over  such  a  corrected  torso  will  hold  the  patient  in  a 
much  better  position  than  his  own  muscular  effort  is  capable  of  doing,  and 
thus  it  is  possible  to  prevent,  in  a  measure,  the  structural  osseous  changes 
which  persistence  in  faulty  position  is  hkely  to  induce  in  spines  affected  in 
this  way. 

Aery  many  times  these  spinal  paralyses  are  a.ssociated  with  complete  paraly- 
sis of  the  lower  limbs,  and  it  is  necessary  to  combine  the  long  infantile  leg  appa- 
ratus with  a  leather  jacket,  attaching  the  two  to  each  other  as  one  apparatus. 
Even  in  these  extreme  cases,  by  the  use  of  such  apparatus,  aided  by  crutches, 
these  patients  are  gotten  into  such  a  condition  that  they  can  move  about  to 
some  extent.  Apparatus  is  rarely  necessary  in  parahsis  of  this  nature  in  the 
upper  extremities  because  such  paralyses  are  more  rare  than  in  the  lower  limbs, 
because  they  are  usually  unilateral,  and  also  because  the  duties  usually  per- 
formed by  one  hand  are  easily  assumed  by  the  other.  Palmar  splints  to  pre- 
vent flexion  of  the  WTist  and  flexion  of  the  fingers  are  constructed  of  wire  and 
tin  so  arranged  that  each  finger  has  its  own  separate  compartment.  Being 
made  of  wire  it  is  possible  to  bend  them  to  suit  conditions  as  they  change.  In 
the  rare  cases  in  which  there  is  loss  of  power  in  the  cerAical  muscles  and  the 
head  has  no  support,  wire  chinrests,  such  as  have  been  devised  for  the  support 
of  the  head  in  high  dorsal  and  cervical  Pott's  disease,  or  the  simply  constructed 
Thomas  collar,  are  adequate  for  this  piu-jjose.     A  Tliomas  collar  is  readily  made 
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by  winding  oakum  with  gauze  bandages,  making  the  oakum  thickest  under  the 
inferior  maxilla  and  tapering  it  off  thin  at  the  back  of  the  neck  where  it 
fastens. 

Operative  Treatment. 

In  operative  treatment  we  have  to  consider  a  great  variety  of  procedures; 
some  of  them  concern  the  tendons,  some  the  muscles,  some  the  nerves,  and 
others  the  joints.  A  good  part  of  the  surgical  interference  in  these  conditions 
is  undertaken  to  correct  deformity;  other  operations  have  for  their  purpose 
the  improvement  of  function  by  lessening  deformity  or  by  securing  better 
mechanical  attachments  for  non-paralyzed  muscles.  The  time  for  the  per- 
formance of  these  various  operations  is  to  be  determined  only  through  the 
exercise  of  a  considerable  degree  of  judgment.  Patients  are  generally  brought 
to  the  surgeon  either  too  early  for  operation  or  without  having  had  sufficient 
conservative  treatment  to  determine  whether  operation  is  really  necessary  or 
not.  They  come,  having  been  prepared  for  the  suggestion  of  operation  and 
having  been  led  to  think  that  conservatism  has  nothing  further  to  offer. 
The  kind  of  conservative  treatment  which  has  generally  been  adopted  in  these 
cases  consists  in  the  unskilled  application  of  electricity  and  nibbing  through- 
out a  period  of  six  months  or  a  year.  With  such  a  frame  of  mind  established 
in  the  patient  or  his  parents,  it  is  easy  to  rush  into  an  ill-considered  operation. 
The  error  in  judgment  may  concern  the  proper  time  for  interference  or  the  most 
appropriate  procedure.  If  proper  preliminary  treatment  has  been  followed, 
many  of  the  problems  in  connection  with  treatment  will  solve  themselves. 
Tendon  transplantations  are  not  as  satisfactory  when  performed  in  early  child- 
hood as  they  are  when  deferred  until  the  tenth  year  at  least.  As  a  general 
rule,  if  deformity  can  be  prevented  or  minimized  during  the  growing  period 
(froni  the  fifth  to  the  twelfth  or  fourteenth  year),  the  patient  will  have  suffi- 
cient strength  to  handle  himself  fairly  Avell.  After  this  period  weight  is  likely 
to  increase  in  a  ratio  out  of  proportion  to  muscular  strength.  Therefore,  at 
this  time  operations,  the  purpose  of  which  is  to  render  the  equilibrium  of  the 
paralyzed  limb  more  stable  or  to  transfer  muscular  energy  in  such  manner  as 
to  make  the  remaining  power  more  available  for  function,  have  their  greatest 
likelihood  of  success.  The  determination  of  when  and  how^  to>  interfere  must  be 
a  matter  to  be  decided  for  each  individual  case,  but  must  not  be  entered  into 
inconsiderately,  because  much  of  the  failure  which  has  attended  the  operative 
treatment  of  infantile  paralysis  and  its  deformities  has  been  due  to  such  ill- 
considered  interference. 

Tenotoviy. — Tenotomy  is  the  simplest  of  the  operative  procedures  employed 
in  the  treatment  of  anterior  poliomyehtis.  It  is  performed  for  the  purpose  of 
correcting  deformity  and  to  relieve  the  tension  upon  contracting  tendons  whose 
muscle  fibres  are  not  wholly  paralyzed,  but  are  overbalanced  by  their  antag- 


INFANTILE  PARALYSIS.  835 

onist  muscles  and  are  in  danger  of  being  completely  paj-alyzed  because  of  the 
extra  stress  under  which  they  are  laboring.  It  is  not  micommon  to  ^Wtness 
considerable  restoration  of  power  in  such  muscles  after  tension  is  reheved  by 
lengthening  their  tendons  through  tenotomy.  This  operation  is  performed 
most  frequently  upon  the  tendo  AchilUs,  the  hamstrings,  both  internal  and 
external,  upon  the  tendons  which  take  their  origin  from  tlie  anterior  supe- 
rior spines  of  the  ilium  and  upon  those  of  the  tensor  vaginae  femoris  and  the 
adductors.  It  may  be  accomplished  by  the  subcutaneous  method  or  by  open 
incision.  In  the  region  of  the  tensor  vaginte  femoris  and  the  anterior  sui^erior 
spme  it  should  always  be  done  through  an  oj^en  incision.  Wlien  the  adduc- 
tors are  divided  it  is  also  best  accomphshed  in  tliis  way.  As  a  matter  of  fact, 
these  last  tendons  are  muscular  almost  up  to  the  point  where  they  are  inserted 
into  the  pubic  bone,  and  consequently  one  usually  performs  a  myotomy  when 
dividing  such  tendons.  The  hamstrings,  particularly  the  biceps  femoris,  had 
best  be  seen  before  they  are  di^'ided,  because  of  the  proximity  of  important 
nerves  and  vessels.  The  tendon  of  the  biceps  is  very  intimately  related  to  the 
peroneal  nerve,  and  paralysis  of  the  muscles  suppUed  by  that  nerve  is  always 
a  serious  matter,  and  would  be  particularly  so  if  its  muscular  supply  were  the 
only  muscular  tissue  left  intact  after  an  attack  of  anterior  pohomyelitis.  In 
lengthening  the  tendo  AchilUs,  simple  division  of  the  tendon  by  subcutaneous 
incision  gives  as  good  results  in  the  majority  of  cases  as  the  more  pretentious 
operations.  Orthopedic  surgery  passed  out  of  the  limitations  imposed  upon 
it  when  it  was  purely  the  art  of  treating  deformity  by  means  of  mechanical 
devices,  after  Stromeyer  introduced  the  operation  of  subcutaneous  tenotomy. 
This  was  first  performed  upon  the  tendo  AchilHs.  AMien  a  tendon  is  di\ided 
in  this  way,  even  though  the  separation  which  is  secured  between  the  ends  of 
the  tendon  amounts  to  an  mch  or  more,  proliferation  of  the  connective-tissue 
cells  in  the  sheath  of  the  tendon  soon  bridges  over  the  gap,  forming  a  trelUs 
upon  which  the  more  slowly  gro^wing  tendon  soon  follows.  In  paralytic  cases 
the  repair  is  not  so  rapid  as  in  non-paralytic  cases,  but  fiim  union  is  invariably 
the  rule.  In  order  to  make  tenotomy  a  more  sui-gical  procedure  and  to  avoid 
the  necessity  for  a  complete  di\'ision  of  the  tendon,  various  modifications  of 
subcutaneous  section  of  a  tendon  have  been  devised.  Willett  has  i^erfected 
an  operation  for  tendon  lengthening  in  which  he  makes  a  Z-shaped  incision  in 
the  tendon,  and  slides  the  two  portions  past  each  other  to  whatever  extent  is 
necessary  to  correct  plantar  flexion  of  the  foot.  The  tendon  in  this  case  is 
sutured  with  silk  or  catgut  sutures.  Tlie  Z-shaped  incision  may  be  made  from 
within  outward  (i.e.,  from  in  front  backward)  on  the  tendon  or  from  side  to 
side.  One  of  the  principal  cautions  to  be  observed  m  |3erforming  this  operation 
is  to  avoid  ha\dng  the  skin  incision  come  over  the  line  of  suture  in  the  tendon. 
If  a  subcutaneous  skin  suture  is  used,  protmsion  of  the  tendon  sutures  through 
the  skin  womid  will  be  prevented,  and  thus  infection  of  these  deeper  sutures 
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may  be  avoided.  If  they  do  become  infected,  the  suture  will  either  slough  out 
itself  or  will  have  to  be  removed.  In  some  cases  great  proliferation  of  the  ten- 
don sheath  at  the  point  of  section  leads  to  the  formation  of  a  tendon  callus, 
which  is  more  or  less  painful  for  a  considerable  time  and  interferes  with  the 
wearing  of  a  shoe  because  it  is  pressed  upon  by  the  upper  of  the  shoe. 

There  has  also  been  devised  a  subcutaneous  lengthening  operation  in  which 
the  tendon  is  not  divided  all  the  way  across;  but  this  results  in  the  formation 
of  quite  a  tendinous  knot,  where  the  turning  back  of  the  tendon  upon  itself 
takes  place,  and  has  no  advantage  over  other  methods. 

After  tenotomy  the  parts  should  be  kept  fixed  in  plaster  of  Paris  for  from 
three  to  six  weeks  in  order  to  allow  the  new  tendon  to  form. 

Tendon  Transplantation. — Since  Nicoladoni's  early  work  upon  the  trans- 
ferrence  of  the  power  of  a  functionally  active  muscle  to  the  tendinous  insertion 
of  a  more  or  less  completely  paralyzed  one,  great  advances  have  been  made  in 
the  treatment  of  paralyses  due  to  anterior  poliomyelitis,  ^'arious  modifica- 
tions of  his  method  have  been  made  from  time  to  time,  but  they  have  been 
concerned  chiefly  with  the  technique  of  the  operation  and  not  with  the  funda- 
mental principles  underlying  tendon  transferrence.  As  has  been  the  case  with 
every  method  which  has  really  marked  an  advance  in  the  practice  of  surgery, 
tendon  transplantation  has  been  advocated  and  practised  for  the  relief  of  con- 
ditions for  which  it  was  an  entirely  inadequate  procedure.  In  consequence  of 
this,  the  operation  has  fallen  into  disrepute  among  many  operators.  It  finds 
its  most  successful  application  in  the  paralyses  of  the  lower  leg,  and  to  a  lesser 
degree  in  those  of  the  extensors  of  the  thigh.  The  two  methods  now  most 
extensively  practised  are  the  tendon-to-tendon,  or  indirect,  method  (under 
which  there  are  several  minor  technical  modifications),  and  the  direct  sub- 
periosteal implantation.  The  first  of  these  methods  is  now  most  strongly  advo- 
cated by  Vulpius,  and  the  second  is  known  as  Lange's  method.  The  accom- 
panying illustrations  demonstrate  the  modifications  of  the  indirect  method. 
(Figs.  597  to  612.)  The  factors  which  militate  most  strongly  against  the  suc- 
cess of  the  indirect  method  are :  failure  completely  to  overcorrect  deformity 
before  undertaking  an  operation,  and,  secondly,  making  the  transplantation 
under  too  great  or  too  slight  tension.  If  tension  is  too  great,  the  sutures  may 
cut  out,  or,  if  they  hold,  the  transjilanted  muscle  may  not  be  able  to  act  prop- 
erly because  overstretched;  on  the  other  hand,  if  too  slight  a  tension  is  applied, 
then  the  transplanted  muscle  will  use  up  the  most  effective  part  of  its  con- 
tractility in  taking  up  its  own  slack.  In  the  direct  or  Lange's  method,  there  is 
greater  liability  to  sepsis  and  sloughing.  The  mechanical  advantage,  however, 
is  generally  greatly  in  favor  of  the  direct  method.  Still  another  cause  for  lack 
of  success  noted  in  both  methods  is  attributable  to  a  failure  to  devote  time 
enough  and  attention  enough  to  the  after-care.  Too  early  use  of  the  limb 
unaided  by  apparatus  is  permitted  in  many  cases. 
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Paralytic  valgus  deformity  is  generally  due  to  a  loss  of  power  in  the  ante- 
rior tibial  group  of  muscles,  more  especially  in  the  tibiaUs  anticus  itself.  (Figs. 
613  and  614.)  In  many  such  cases  the  common  extensor  is  intact  and  often- 
times the  long  extensor  of  the  great  toe  is  possessed  of  its  full  power.  The 
ability  to  extend  the  toes  is  of  relatively  small  importance  functionally,  as  com- 
pared with  the  power  to  prevent  abduction  of  the  foot  at  the  medio-tarsal 


Fig.  599. 


Fig.  600. 


Fig.  601 


Figs.  597-602. — Different.  Methods  of  Tendon  Transplantation.  (Vulpius.)  The  arrows  in 
these  cuts  and  in  Figs.  603-612  indicate  the  direction  in  wliich  the  muscular  power  is  transmitted. 
In  this  and  the  two  following  groups  of  diagrams  the  non-paralyzed  muscle  and  tendon  (the  donor) 
are  uniformly  left  unshaded,  while  the  paralyzed  muscle  and  tendon  (the  receiver)  are  shaded. 

joint.  Good  results,  therefore,  will  follow  the  insertion  of  the  two  inner  di\'i- 
sions  of  the  common  extensor  tendon  into  a  sHt  in  the  tendon  of  the  tibialis 
anticus.  (Vide  Figs.  603,  604,  605.)  Sometimes  the  tendon  of  the  extensor 
longus  hallucis  may  be  used  to  reinforce  the  common  extensors  in  their  task. 

A  preliminaiy  step  in  this  operation  should  be  the  overcorrection  of  any 
valgus  deformity  and  the  retention  of  the  corrected  foot  in  plaster  of  Paris  for 
a  sufficiently  long  time  to  insure  a  thorough  stretching  out  of  the  non-paralyzed 
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tendons.  If  this  has  been  accomplished,  there  should  be  but  little  tendency 
to  recurrence  of  the  deformity  upon  removal  of  the  cast.  Then  transferrence 
of  the  tendon  should  be  done  in  such  a  manner  that  the  tendon  supplying  the 


Fig.  603.  .  Fig.  604.  Fig.  605. 

Figs.  603-605. — Different  Methods  of  Tendon  Transplantation.     (Vulpius.) 

power  should  not  be  obliged  to  pull  at  any  greater  angle  than  is  absolutely 
necessary.  The  implantation  should  be  made  under  just  sufficient  tension 
to  produce  a  slight  amount  of  pull  when  the  foot  is  held  in  a  sHghtly  overcor- 
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Fig.  606. — A  Simple  Method  of  Attaching  one  Tendon  to  Another.  At  a  the  surfaces  of  the 
two  tendons  are  freshened  and  then  they  are  made  to  unite  at  these  points  bj-  means  of  sutures  (6). 
(Vulpius.) 

rected  position.  Care  should  be  exercised  to  cover  in  this  tendon  by  a  sheath 
of  its  own.  Silk  or  catgut  prepared  in  some  way  to  render  it  a  little  more  non- 
absorbable than  the  untreated  gut  may  be  used  in  attaching  the  tendons  to 
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each  other.  Sometimes  a  side-to-side,  but  more  commonly  a  through-and- 
through,  attachment  is  made.  Absolute  asepsis  is  essential  to  success.  A 
plaster-of-Paris  splint  applied  over  a  sterile  dressing,  holding  the  foot  in  a 
slightly  overcorrected  position,  should  be  kept  on  for  five  or  six  weeks,  and 
should  then  be  succeeded  by  a  Taylor  club-foot  shoe,  with  the  foot-plate  thrown 
up  so  that  the  foot  is  incUned  toward  varus.  This  can  be  removed  for  a  time 
each  day,  and,  during  this  interval,  massage,  muscle  training,  and  hydrotherapy 
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Fig.  607. 


Fig.  608. 


Fig.  609. 


Fig.  610. 


Fig.  611 


Fig.  612. 


Figs.  607-612. — Diagrams  Showing  a  Variety  of  Ways  in  which  the  Power  of  a  Normal  Tendon 
maj'  be  in  Part  Transferred  to  one  that  has  Lost  its  Power.     (Vulpius.) 


should  be  practised.  The  splint  and  this  routine  of  treatment  should  be  con- 
tinued for  from  six  months  to  a  year  after  the  ojDeration.  The  patient  bears 
weight  on  the  splint  unaided  by  crutches.  After  the  omission  of  the  splint  it 
is  better  to  wear  a  Thomas  Uft  of  a  quarter  of  an  inch  on  the  inner  border  of 
the  heel  and  sole  as  a  regular  addition  to  the  shoe.  The  inner  half  of  the  tendo 
AchilHs  may  be  directly  implanted  by  the  subperiosteal  method  to  correct  the 
valgus  tendency.  The  tendon  of  the  posterior  tibial  may  be  used  in  a  similar 
manner.     Tendons  of  similar  function  to  that  of  the  paralyzed  one  should 
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always  be  used  where  possible.  The  employment  of  extensors  to  do  the  work  of 
flexors  is  not  generally  successful.  This  is  due  in  part  to  the  fact  that  extensors 
are  usually  not  as  strong  as  flexors  and  doubtless  in  part  to  the  mental  training — 
which  has  been  of  an  unconscious  nature,  to  be  sure — that  comes  from  the  long 
performance  of  the  specific  actions  to  which  they  have  been  trained.  It  is  for 
this  reason  that  muscle  training  should  be  a  part  of  the  after-treatment  in  all 
cases  of  tendon  transferrence,  and  it  has  been  observed  that  when  this  training 
has  been  associated  with  the  making  of  the  same  voluntary  motions  of  the  sound 


Fig.  613. — Condition  of  the  Feet  Before  Operation.  This  cut  shows  the  exaggerated  calcaneo- 
valgus  produced  by  voluntary  effort  to  flex  the  foot  dorsally.  The  anterior  tibial  muscle  is  paralyzed, 
and  the  unoppcsed  common  extensors  pull  the  foot  into  a  valgus  position.  The  same  position  is 
assumed  when  weight  is  borne.     (Original.) 

side,  thus  co-ordinating  the  same  groups  of  muscles,  the  results  obtained  have 
been  more  satisfactory. 

In  the  treatment  of  valgus  and  varus  by  tendon  transplantation  it  is  fre- 
quently necessary  to  lengthen  the  tendo  Achillis  in  order  to  be  able  to  correct 
the  deformity;  this  is,  of  course,  a  preliminary  step  to  the  operation  of  tendon 
grafting.  In  paralysis  of  the  posterior  calf  muscles,  causing  calcaneus  as  the 
primary  deformity,  with  either  varus  or  valgus  as  a  contributory  factor,  it  is 
not  uncommon  for  the  peroneals  to  be  left  intact,  and  they  may,  one  or  both, 
be  inserted  into  the  tendo  Achillis  with  a  steadying  effect  upon  the  balance  of 
the  foot.     It  is  not  fair  to  expect  anything  mor..  than  this  from  the  employ- 
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ment  of  this  group  of  muscles.  One  of  the  most  satisfactory  tendon  grafts  with 
which  the  wiiter  has  had  experience  has  been  the  transferrence  of  a  part  of  the 
tendon  of  the  tibialis  anticus  into  the  tendons  of  the  common  extensor,  in  order 
to  correct  varus  deformity.  The  tibialis  anticus  is  a  broad  strong  tendon  when 
its  muscle  is  not  paralyzed,  and  its  power  may  with  advantage  be  di\'ided  under 
such  circumstances. 

In  the  region  of  the  knee  joint,  Lange,  who  has  de\1sed  the  subperiosteal 
transplantation,  has  used  silk  for  transmitting  the  jwwer  of  the  thigh  muscles 
to  a  distance;  he  makes  the  silk  strands  act  as  a  sort  of  trellis  over  which  the 
tendon  may  gro\A-,  thus  eventually  covering  in  the  gap  that  exists  between  the 
thigh  and  the  calf.     This  was  found  to  be  necessary  when  trjing  to  utilize  the 


Fig.   614. — Condition  of  the   Feet  After  Operation   (Tendon  Transplantation   and  Arthrodesis.) 
Shows  diminution  in  valgus  over  that  shown  in  Fig.  613.     (Original.) 


biceps  femoris  or  the  inner  hamstrings  to  take  the  place  of  the  paralyzed  quad- 
riceps extensor.  Their  tendons  are  not  long  enough  to  be  brought  up  on  the 
front  of  the  thigh  and  inserted  into  the  patellar  tendon ;  so  silk  has  been  used  to 
connect  them  over  the  front  of  the  knee  with  the  tibial  tubercle.  In  some  cases  the 
sartorius  is  left  when  no  other  thigh  muscle  is  available  for  transplantation.  Its 
origin  in  the  cord  is  higher  than  the  usual  seat  of  inflammation,  so  that  it  is 
frequently  spared  when  all  other  muscles  are  affected.  Though  its  function 
is  primarily  that  of  a  flexor,  it  can  be  trained  to  do  good  service  as  an  extensor 
when  a  proper  direction  and  firm  attachment  can  be  secured.  In  some  cases 
it  is  efficient  enough  actually  to  extend  the  leg:  in  others  it  will  serve  only  to 
steady  the  knee  and  prevent  buckling  of  the  leg,  to  avoid  which,  if  no  appa- 
ratus is  used,  the  patients  are  obliged  to  keep  the  hand  pressed  upon  the  knee. 
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It  is  difficult  sometimes  to  recognize  the  sartorius  in  these  paralytic  cases  at 
the  point  where  the  muscle  has  to  be  exposed  for  transplantation.  It  is  dis- 
placed in  these  cases  a  good  deal  and  looks  like  the  gracilis.  By  putting  the 
hand  upon  the  anterior  superior  spine  and  pulling  upon  the  lower  end  of  the 
sartorius,  it  can  be  demonstrated  that  it  is  attached  to  the  anterior  spine  of  the 
ilium.  It  is  important,  in  effecting  this  particular  transplantation,  to  know 
if  the  muscle  is  quahtatively  strong,  and  resort  is  often  had  to  an  examination 
of  the  substance  of  the  muscle  in  order  to  see  if  it  is  of  good  color  and  if  it 


Fig.  615. — This  Cut  Illustrates  the  Calcaneo-valgus  Position  when  the  Weight  is  not  Borne  and 
Before  an  Operation  for  its  Relief  has  been  Performed.     (Original.) 


responds  to  mechanical  irritation.     This  test  may  be  utilized  with  advantage 
in  other  muscles  where  transplantation  is  contemplated. 

In  the  upper  extremity  very  few  transplantations  are  practised  for  ante- 
rior poliomyehtis.  In  paralysis  of  the  deltoid,  Hoffa  has  effected  transplan- 
tation of  a  portion  of  the  trapezius,  which  has  improved  the  contour  of 
the  shoulder  and  has  partially  replaced  the  function  of  the  paralyzed  muscle. 
In  the  hand  or  forearm,  in  cases  of  paralysis  of  the  flexors,  some  of  the 
extensors  are  passed  through  the  interosseous  septum  and  fixed  to  the  par- 
alyzed flexors.  Post-operative  treatment  is  very  essential  to  the  proper  man- 
agement of  infantile  operative  cases.  Protection  by  splints  until  tendinous 
union  is  solid,  and  then  passive  exercises  judiciously  carried  out  and  muscle- 
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training  faithfully  practised  over  long  periods  make  the  results  more  satisfac- 
tory and  permanent. 

Arthrodes^is. — ^Mien  paralysis  is  complete,  or,  if  not  complete,  so  nearly  so 
that  transplantation  of  tendons  is  not  likely  to  increase  the  stability  of  a  joint 
in  its  functioning  capacity,  the  possibiUty  of  ankylosing  that  joint  must  be 
seriously  considered.  In  many  cases,  a  combination  of  arthrodesis  and  tendon 
transplantation  gives  better  results  than  either  alone.  Arthrodesis  is  prac- 
tised in  the  ankle  joint  or  between  the  bones  of  the  tarsus,  in  the  knee  joint, 
and  occasionally  at  the  hip.  In  the  knee  joint,  tendon  transplantation  is  not 
combined  with  arthrodesis.  At  the  ankle,  arthrodesis  is  performed  most  fre- 
quently to  correct  calcaneus.  (Figs.  615  and  616.)  In  talipes  equino-valgus, 
if  there  is  a  possibility  of  assistance  from  a  tendon  transplantation,  arthrodesis 
of  the  medio-tarsal  joint  will  improve  function  by  adding  to  the  stability  of 


Fig.  616. — Condition  of  Foot  After  Op)eration.  Illustrates  improvement  in  calcaneus  position 
after  arthrodesis.  Foot  is  now  quite  firmly  ankylosed  at  the  ankle  joint  in  a  right-angled  position. 
(Original.) 


the  foot.  Arthrodesis  of  the  tibio-astragaloid  articulation  is  the  most  common 
of  all.  It  is  usually  accomplished  through  an  external  incision,  semilunar  in 
shape  and  parallel  with  the  peroneal  tendons  where  they  pass  beneath  the 
external  malleolus.  (Fig.  617.)  After  division  of  these  tendons  the  foot  may 
be  dislocated  at  the  tibio-astragaloid  jomt  and  the  cartilage  readily  removed 
from  the  top  of  the  astragalus,  the  sides  of  the  malleoli,  and  the  articulating 
surface  of  the  tibia.  The  tendons  are  sutured  or  transplanted,  as  the  case  may 
be,  after  the  capsule  of  the  joint  has  been  closed  and  the  foot  encased  in  plaster 
of  Paris  for  from  eight  to  ten  weeks.  This  should  be  followed  by  the  use  of  a 
Taylor  shoe  for  at  least  six  or  eight  months. 

As  a  means  of  remedjdng  one  of  the  defects  of  this  operation,  Goldthwait 
recommeds  an  osteotomy  of  the  fibula  in  order  to  bend  in  that  bone  so  that  it 
may  fit  against  the  lateral  aspect  of  the  astragalus.  If  this  is  not  done  there 
is  less  firm  union  than  there  might  be  between  these  two  bone  surfaces.     SoUd 
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osseous  union  is  not  to  be  expected,  and,  as  a  matter  of  fact,  is  not  desired. 
A  few  degrees  of  motion  at  the  ankle  joint  such  as  a  fibrous  union  would  afford 
is  the  ideal  result.  In  order  that  this  motion  may  not  be  stretched  out  by  too 
early  use  of  the  limb,  operative  treatment  should  be  followed  up  by  apparatus 
treatment  for  the  better  part  of  the  year.  Whitman  has  advised,  in  cases  of 
extreme  calcaneus,  an  excision  of  the  astragalus.  This  enables  him  to  shift 
the  point  of  bearing  of  the  tibia  backward  upon  the  body  of  the  os  calcis  when 
he  attempts  to  ankylose  it.  As  a  result,  there  is  not  the  distorted  relation  of 
the  malleoli  to  the  back  of  the  os  calcis  which  is  characteristic  of  the  bad  cases 
of  calcaneus.  Whitman  frequently  combines  this  operation  with  a  transplan- 
tation of  the  peroneals  into  the  os  calcis.  The  results  in  this  operation  are 
best  in  the  adolescent  or  adult  cases,  but  in  younger  children  they  are  not  so 


Fig.  617. — This  is  a  Side  View  of  Same  Case  as  that  Shown  in  Fig.  614.  Note  the  atrophy  and 
interference  with  growth.  Patient  has  had  an  arthrodesis  of  the  ankle  joint.  Tl.e  brace  shown  in 
Fig.  596  was  worn  for  six  months  as  a  post-operative  splint.     (Original.) 

good  as  an  arthrodesis  wuth  or  without  tendon  transplantation.  Here  again 
the  importance  of  post-operative  protection  should  not  be  ignored.  Arthro- 
desis at  the  knee  is  a  very  satisfactory  operation.  By  its  employment  good 
union  invariably  follows  and  there  is  practically  no  shortening,  for  it  is  not 
necessary  to  do  a  formal  excision  of  the  joint;  just  sufficient  cartilage  is  removed 
to  insure  osseous  union.  Plaster  of  Paris  for  from  ten  to  twelve  weeks  is 
required  before  solid  union  can  be  expected.  During  the  last  two  weeks  of 
this  time  the  patient  may  be  permitted,  in  greater  or  less  degree,  to  bear  weight 
upon  the  limbs.  One  of  the  chief  advantages  of  arthrodesis  in  this  situation 
is  that  it  enables  the  patients  to  omit  the  long  and  cumbersome  braces  which 
have  been  their  mainstay  in  walking.  In  cases  in  which  both  knee  and  ankle 
on  the  same  side  are  concerned,  arthrodesis  of  both  ankle  and  knee  has  been 
performed  with  satisfactory  results.     In  some  cases,  however,  it  is  necessary 
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to  ankylose  only  the  knee  joint,  a  short  Taylor  brace  being  reUed  upon  in  place 
of  the  long  brace  before  described.  Ankylosing  of  the  hip  joint  is  never  done 
except  in  the  rare  cases  where  the  femoral  head  has  become  dislocated  in  the 
course  of  an  anterior  poliomyeUtis.  It  may  occasionally  be  replaced  in  the 
acetabulum  and  allowed  to  become  ankylosed  there. 

Osteotomy. — Ivnock-knee  of  high  grade  requires  osteotomy  in  some  cases. 
The  writer  has  been  obliged  to  resort  to  this  procedure  twice  in  cases  where 
there  was  paralysis  of  the  extensors  of  the  thigh,  and  where  at  the  same  time 
he  has  effected  a  transplantation  of  the  sartorius  to  assume  the  functions  of 
an  extensor.  Union  of  the  fracture  was  not  delayed  in  either  case.  In  one 
there  was,  in  fact,  excessive  callus  formation.  In  no  other  long  bone  except 
the  femur  is  osteotomy  required  for  the  correction  of  infantile  deformities.  In 
the  tarsus,  however,  it  is  frequently  necessary  to  osteotomize  the  neck  of  the 
astragalus  in  the  course  of  the  correction  of  a  paralytic  clul>foot.  This  oste- 
otomy is  generally  wedge-shaped.  To  correct  varus  it  is  also  occasionally 
necessary  to  take  out  a  wedge  from  the  os  calcis. 

Epiphyseal  Irritation. — In  some  cases  of  anterior  poliomyelitis  bony  growth 
seems  to  be  retarded  to  an  extraordinary  degree.  As  the  child  grows  older 
the  leg  is  noticed  to  be  falling  rapidly  behind  its  fellow  in  growth,  in  length  as 
well  as  in  circumference.  Gunshot  wounds  of  the  epiphyses,  osteomyelitis 
invohing  the  epiphyses,  and  the  early  stages  of  tuberculous  lesions  of  the  epiph- 
yses are  frequently  distinguished  by  an  increased  growth  of  bone.  Because 
of  these  observed  facts  it  has  been  conceived  possible  to  stimulate  gi'owth  in 
the  epiphyses  of  infantile  subjects,  and  this  has  been  attempted  by  driving 
ivory  pegs  into  the  epiphyses,  making  careful  measurements  before  operation 
upon  both  the  well  and  the  paralyzed  limb.  It  is  a  comparatively  simple  opera- 
tion. The  bone  most  easy  to  |3eg  in  this  way,  and  the  one  where  stimulation 
|of  growth  is  most  necessary,  is  the  tibia.  In  the  one  case  in  which  the  WTiter 
[has  had  any  experience,  two  cribbage-board  |)egs  were  driven  into  the  up|Der 
[epiphysis  of  one  tibia.  These  caused  no  particular  discomfort,  produced  no 
symptoms,  and  have  remained  undisturbed  for  over  two  years.  There  has  been 
no  appreciable  benefit  from  the  use  of  pegs  in  this  case.  It  is  a  very  reason- 
,  able  method  of  procedure  and  should  be  tried  in  cases  in  which  failure  to  keep 
ipace  in  bony  growth  has  characterized  the  course  of  an  infantile  paralysis. 

Nerve  Transplantation. — Since  it  has  been  demonstrated  that  regeneration 
Eof  nerve  power  can  be  brought  about  by  the  implantation  of  an  active,  living, 
tand  conducting  nerve  trunk  into  a  paralyzed  one,  incentive  has  been  given  to 
^attempts  to  transplant  nerves  in  order  to  bring  power  back  to  paralyzed  mus- 
cles. Cushing's  work  upon  the  transplantation  of  fibres  of  the  spinal  accessory 
into  the  facial  in  order  to  relieve  facial  paralysis  has  added  much  interest  to  this 
problem  in  connection  with  infantile  paralysis.  Spitzy,  of  Graz,  has  carried 
out  a  considerable  series  of  experiments  to  determine  the  possibiUty  of  the 
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procedure  in  animals,  and  has  made  a  few  applications  of  the  principle  to  the 
human  subject  with  a  considerable  degree  of  success.  In  both  the  dog  and 
the  human  being  he  worked  with  the  peroneal  nerve.  In  this  country,  Young, 
of  Philadelphia,  has  made  one  such  transplantation.  In  one  case  which  has 
not  as  yet  gotten  into  the  literature,  the  sciatic  was  completely  divided  by  the 
knife  high  u;f)  in  the  thigh  and  the  distal  portion  of  the  nerve  was  rotated  one- 
half  way  round  and  held  by  sutures  through  the  sheath  in  an  attempt  to  approxi- 
mate the  fibres  coursing  in  this  trunk  to  the  extensor  longus  hallucis,  to  some 
other  fibres  that  might  be  stimulated  to  supply  muscles  of  greater  impor- 
tance to  the  function  of  the  foot  than  the  long  extensor  of  the  great  toe.  This 
was  undertaken  purely  as  an  experimental  study  in  a  case  in  which  its  failure 
could  cause  no  harm.     It  was  attended  by  no  appreciable  beneficial  result. 

So  far,  experience  with  nerve  transplantation,  though  suggestive,  has  not 
yielded  any  very  brilliant  practical  results.  It  is  a  rational  method  and  it  may 
be  shown  eventually  that  certain  cases  are  treated  better  in  this  way  than  by 
any  other  procedure,  just  as  it  has  been  shown  that  arthrodesis  is  better  in 
some  cases  than  tendon  transplantation,  and  vice  versa.  The  discovery  of  new 
methods  is  always  attended  by  an  amount  of  enthusiasm  and  a  widespread 
apphcation  which  subsequent  results  and  saner  judgment  do  not  always  justify. 
Failure  is  quite  as  frequently  the  result  of  not  knowing  when  and  how  to  use 
a  method  as  it  is  of  a  defect  in  the  method  itself.  It  is  generally  safe  to  infer 
that,  if  some  result  has  attended  the  application  of  the  new  principle  in  the 
hands  of  a  carefully  trained  observer,  there  is  some  value  to  the  method, 
although  its  universal  application  must  not  be  inferred.  It  is  to  be  hoped, 
therefore,  that  those  who  have  the  opportunity  and  the  clinical  material  upon 
which  to  follow  out  this  lead  of  Spitzy  will  do  so,  as  there  seems  much  of 
promise  in  it.     (See  also  Dr.  Willard's  article  in  Vol.  II.) 

Prognosis. — The  outcome  of  an  acute  case  of  infantile  paralysis  is  rarely  in 
question  as  regards  the  continuance  of  existence.  In  some  of  the  larger  epi- 
demics reported  there  have  been  a  few  deaths.  In  the 'Gloucester  epidemic 
there  was  recorded  at  that  time  one  death  in  the  case  of  a  patient  w^ho  seemed 
to  have  had  spinal  paralysis  and  in  whom  cerebral  symptoms  were  very  pro- 
nounced. As  there  was  no  autopsy  the  diagnosis  has  never  been  absolutely 
sure.  It  may  have  been  a  sporadic  case  of  cerebro-spinal  meningitis,  the  diag- 
nosis of  which  has  generally  been  made  in  the  mortuary  records  of  Gloucester 
two  or  three  times  each  year  for  a  number  of  years  previous  to  1900,  the  date 
of  the  infantile  epidemic.  Death  in  the  sporadic  cases  is  very  rare  indeed. 
Prognosis  as  to  restoration  of  function  is  a  very  hard  matter  to  offer  positive 
information  upon.  During  the  acute  attack  and  after  paralysis  has  declared 
itself,  much  comfort  can  be  given  the  patient's  family  by  assuring  them  that 
the  loss  in  power  is  not  going  to  be  progressive  or  as  complete  as  it  then  may 
be.     In  other  words,  considerable  improvement  may  be  expected,  though  it 
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will  be  gradual.  "VMien  recovery  has  commenced,  it  is  again  reassuring  to  know 
that  it  is  likely  to  continue  for  at  least  a  year,  and  that  even  without  treatment 
progression  toward  an  improvement  over  the  condition  at  the  time  of  the  onset 
of  the  attack  is  confidently  to  be  expected.  Parents  and  patients  should  be 
told  that  it  is  impossible  to  determine  at  the  outset  how  complete  the  return 
of  power  in  a  given  muscle  is  Hkely  to  be.  After  it  is  possible  to  apply  the 
electrical  tests,  valuable  information  may  be  had  as  to  the  possibilities  of  res- 
toration of  power  in  the  nerves  suppljing  the  paralyzed  muscles.  At  the  expi- 
ration of  a  year  or  two  after  the  onset  of  paralysis  it  is  usually  possible  to  give 
a  more  definite  prognosis  regarding  how  nmch  improvement  in  function  is  to 
be  expected  from  treatment,  mechanical  and  operative.  This  should  be  based 
upon  the  extent  of  the  loss  of  power  in  the  paralyzed  muscle  groups,  the  dis- 
tribution of  the  paralyzed  muscles  ■with  es})ecial  reference  to  the  deformities 
which  they  seem  to  favor,  the  weight  of  the  patient,  and  the  feasibilitj'  of  the 
transplantation  of  muscles  whose  intrinsic  strength  and  adaptability  are  great 
enough  to  be  used  in  replacing  the  loss  of  pbwer  effected  by  the  paralysis. 

Temperamental  jDeciiliarities  in  the  patient  and  the  presence  of  opportunity 
for  adequate  treatment  other  than  o|)erative  must  be  given  weight  in  offering 
a  prognosis.  Even  in  the  bad  cases  the  outlook  is  not  as  hopeless  as  it  often- 
times seems.  Fortunately,  anterior  poliomyelitis  does  not  affect  the  cere- 
brum, so  that  mental  weakness  or  imbecility  does  not  accompany  the  paralysis. 
An  assurance  to  the  patient  or  parents  that  infantile  differs  is  this  respect  from 
the  spastic  paralysis  of  childhood  is  often  comforting. 


DEFORMITIES  AND  DISABILITIES    OF  THE    LOWER 

EXTREMITIES. 
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I.  COXA  VARA. 

Depression  of  the  Neck  of  the  Femur. 

Coxa  vara  is  a  term  that  signifies  depression  of  the  neck  of  the  femur,  and, 
although  it  is  not  particularly  descriptive,  it  serves  to  call  attention  to  the  fact 
that  coxa  vara  is  one  of  the  so-called  static  deformities,  such  as  genu  varum 
and  valgum  and  the  like,  which  are  caused  in  most  instances  by  the  weight 
and  strain  of  functional  use  upon  parts  that  are  incompetent  to  sustain  it. 

Thus,  although  the  neck  of  the  femur  may  be  depressed  as  the  result  of 
acute  or  chronic  disease  at  the  joint  or  in  the  neighborhood  of  the  trochanter, 
or  induced  by  ostitis  deformans  or  osteomalacia,  distortions  of  this  character 
incidental  to  disease  are  not  properly  included  under  a  title  that  implies  simple 
deformity. 

Etiology. — Coxa  vara  may  be  caused  directly  by  injury  (fracture) ;  it  may 
be  congenital,  in  which  case  it  is  usually  accompanied  by  other  distortions; 
and,  in  a  slight  degree,  it  is  often  present  in  congenital  dislocation  of  the  hip. 
In  the  majority  of  cases,  however,  as  has  been  stated,  its  etiology  is  similar 
to  that  of  the  more  familiar  deformities  of  the  bones  of  the  lower  extremity. 

Thus  the  most  important  of  the  predisposing  causes  is  rhachitis,  which 
directl}''  weakens  the  structure  of  the  bone;  the  exciting  causes  being  over- 
weight, over-strain,  or  injury. 

The  common  rhachitic  distortions  of  the  limbs  are  self-evident,  and  they 
usually  appear,  or  become  exaggerated  to  more  extreme  deformity,  when  the 
child  begins  to  walk.  Coxa  vara,  on  the  other  hand,  is  far  less  likely  to  cause 
symptoms  at  this  age,  because  the  neck  of  the  femur  is  very  short  and  is  there- 
fore not  exposed  to  direct  strain.  In  fact,  the  lessened  angle  in  this  class  of  cas6s 
is  more  often  due  to  the  outward  bending  of  the  upper  part  of  the  shaft  of  the 
femur  than  to  the  direct  depression  of  the  neck  itself,  and,  although  such 
depression  of  slight  degree,  direct  or  indirect,  is  often  present  in  rhachitic  chil- 
dren, as  may  be  proved  by  x-ray  pictures  or  demonstrated  by  physical  exam- 
ination, it  is  usually  so  masked  by  other  distortions  of  the  limb  that  its  diag- 
nosis is  made  only  by  those  who  are  searching  for  it. 

If,  then,  the  statistics  of  coxa  vara  be  limited  to  the  class  in  which  the 
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deformity  causes  symptoms  sufficiently  marked  to  demand  treatment,  it  ^\ill 
appear  very  decidedly  as  an  affection  of  late  childhood  and  adolescence.  It  is 
more  common  in  males  than  in  females  and  far  more  often  unilateral  than 
bilateral. 

Thus,  of  72  cases  that  have  come  under  my  personal  observation,  46  were 
in  males  and  26  m  females.  In  59  cases  the  deformity  was  unilateral  (32  R., 
27  L.);  it  was  bilateral  in  13.  Forty  of  the  patients  were  adolescents,  12  to 
17  years  of  age.  Twenty-three  were  in  late  childhood,  5  to  12  years.  Six 
were  older  than  17,  and  three  were  less  than  5  years  of  age. 

In  many  instances  the  symptoms  had  persisted  for  years,  but,  due  allow- 
ance being  made  for  this,  it  may  be  stated  that  in  more  than  half  the  cases 
the  symptoms  did  not  appear  until  adolescence,  and  that  in  at  least  three- 
quarters  of  all  the  cases  the  period  of  earl}'  childhood  had  been  passed. 

As  far,  then,  as  etiology  of  the  characteristic  cases  is  concerned  one  may 
consider  rhachitis  as  more  often  a  predisposing  than  a  direct  cause^.  in  that  the 
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Fig.  618. — T>-pes  of  Coxa  Vara.  1,  Depression  of  the  neck  caused  in  part  by  outward  bowing 
of  the  shaft — the  ordinary  rhachitic  form,  usually  bilateral,  which,  in  childhood,  does  not  cause,  as 
a  rule,  direct  sjinptoms;  2,  simple  depression — cer\-ical  coxa  vara;  3,  more  extreme  aeformity  of 
the  same  type;  4,  cervical  coxa  vara,  combined  with  more  extreme  deformity  at  the  epiphyseal  junc- 
tion; 5,  epiphyseal  coxa  vara — deformity  at  the  epiphyseal  junction,  without  depression  of  the  neck, 
usually  traumatic;  6,  epiphyseal  dLsjunction;  7,  normal  contour. 


neck  of  the  femur,  slightly  depressed  in  early  Ufe  (latent  coxa  vara)  (Fig.  618,  1), 
is,  by  reason  of  the  lessened  angle,  subjected  to  greater  strain  in  adolescence, 
a  period  of  weakness  when  growth  is  rapid,  when  the  part  is  more  exposed 
to  direct  injury,  and  when  laborious  occupations  are  Ijegun. 

Abnormal  weakness  of  structure,  or  disproportionate  weight  or  strain,  and, 
above  all,  direct  injury  are  contributing  or  exciting  causes.  Many  wTiters  have 
assumed  that  the  deformity  may  be  explained  by  a  pecuUar  primary  softening 
of  the  bone  (local  osteomalacia),  but  investigations  have  shown  no  evidence  of 
such  disease,  the  changes  being  such  as  might  readily  be  explained  by  progres- 
sive deformity  and  by  the  local  disturbance  of  nutrition  induced  by  it. 

There  are  two  characteristic  types  of  coxa  vara :  in  one  the  neck  is  depressed 
as  a  whole,  there  being  simply  a  change  in  the  angle  between  the  shaft  and  the 
neck  (cervical  coxa  vara),  a  form  more  common  in  childhood  as  the  direct  re- 
^_  suit  of  rhachitis  (Fig.  618,  2) ;  in  the  other,  the  deformity  is  most  marked  in  the 
^Knewly  formed  bone  at  the  junction  of  the  head  and  neck,  the  head  (Fig.  618,  4) 

I 


I 
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in  extreme  cases  being,  as  it  were,  turned  backward  and  under  the  neck.  This 
may  be  classed  as  epiphyseal  coxa  vara.  (Fig.  618,  5.)  It  is  more  common  in 
adolescence  and  it  is  often  caused  directly  by  injury.  In  such  cases  it  is  in 
reality  partial  epiphyseal  fracture.     In  a  certain  proportion  of  these  cases  pre- 


FiG.  619.  Fig.  620. 

Fig.  619. — Right  Coxa  Vara  in  an  Adolescent.  The  prominence  of  the  trochanter  and  the  out- 
ward rotation  of  the  hmb  are  shown.     There  is  no  evidence  of  former  rhachitis. 

Fig.  620. — Bilateral  Coxa  Vara  of  the  Anterior  Form,  showing  Exaggerated  Lordosis.  An  un- 
common type  that  resembles  congenital  dislocation  of  the  hips.  In  this  form  evidences  of  former 
rhachitis  are  usually  apparent. 

vious  depression  of  the  femoral  neck,  the  result  of  infantile  rhachitis,  serves 
as  a  predisposing  cause. 

Occasionally  the  neck  of  the  femur  is  depressed,  its  normal  lateral  relation  to 
the  shaft  being  retained,  but  in  most  instances  it  is  turned  backward.  In  the 
progress  of  the  deformity  there  is,  as  it  were,  an  impaction  of  the  posterior 
and  weaker  surface,  so  that  the  anterior  border  of  the  neck  becomes  some- 
what convex. 

Physical  Effects  of  the  Deformity. — As  the  range  of  motion  at  the 
joint  and  the  attitude  of  the  limb  are  dependent  on  the  normal  relations  of  the 
component  bones  at  the  articulation,  any  change  in  these  relations  must  induce 
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a  corresponding  change  in  function.  For  example,  the  range  of  abduction 
(4o°-55°)  is  dependent  upon  the  normal  upward  inclination  of  the  neck  of  the 
femur  (about  128°),  being  finally  checked  when  the  upper  border  of  the  neck 
comes  into  contact  with  the  outer  border  of  the  acetabulum.  If,  therefore, 
the  neck  of  the  femur  is  depressed,  abduction  is  limited  in  corresponding 
degree.  As  the  neck  of  the  femur  is  usually  turned  backward  the  effect  is, 
as  in  impacted  fracture,  to  cause  outward  rotation  of  the  shaft  of  the 
femur.  Flexion  is  limited  by  the  contact  of  the  neck  of  the  femur -with  the 
anterior  border  of  the  acetabulum,  while  the  range  of  extension  is  often  in- 
creased. Thus,  the  physical  effects  of  ordinar}'  coxa  vara  are  shortening  and 
outward  rotation  of  the  limb,  the  range  of  motion  at  the  joint  being  limited 
in  abduction,  inward  rotation,  and  flexion.  In  bilateral  coxa  vara  of  this  type, 
as  both  trochanters  are  carried  forward  by  the  backward  displacement  of  the 
femoral  necks,  the  lumbar  lordosis  is  diminished.  If,  however,  there  is  simple 
direct  depression,  or  if  the  femoral  necks  are  turned  forward,  the  lordosis  is 
increased. 

In  cer\'ical  coxa  vara  the  fimction  of  the  joint  is  impaired  principally  by 
the  deformity  and  in  the  manner  described,  but  in  epiphyseal  coxa  vara,  in 
which  the  articulation  is  partly  disorganized,  motion  is  usually  far  more  limited, 
particularly  by  muscular  spasm  and  contraction.  Partial  traumatic  separa- 
tion of  the  head  of  the  femur,  not  uncommon  in  adolescents,  resembles  the 
epiphyseal  type  of  coxa  vara  so  closely  that  it  can  be  differentiated  only  by 
the  history.  It  may  be  stated  also  that  in  any  form  of  coxa  vara  the  lessened 
angle  of  the  neck  weakens  it  and  predisposes  to  further  injury.  Thus  partial 
or  complete  fracture  of  the  neck  or  epiph3'seal  separation  not  imfrequently 
complicates  the  deformity.  In  such  cases  the  patient,  who  may  have  limped 
slightly  for  several  months,  becomes  suddenly  disabled  after  injury  or  overstrain. 
Pain  is  usually  marked  on  motion  and  the  joint  may  be  practically  fixed  by 
muscular  spasm.  It  may  be  of  interest  to  note  in  this  connection  that  there 
[have  come  under  my  observation  thirty-four  cases  of  fracture  of  the  neck  of 
;the  femur  in  young  subjects,  in  eight  of  which  the  injury  was  apparently 
'at  the  epiphyseal  junction. 

Symptoms. — Tlie  symptoms  of  coxa  vara  are  indicated  by  the  description 
:  of  the  physical  signs.  They  vary  with  the  degree  of  deformity  and  the  rate  of 
"its  progression  and  they  are,  of  course,  aggravated  by  strain  and  injury. 

The  most  suggestive  symptom  is  a  persistent  limp.  This  is  accompanied 
usually  by  sensations  of  weakness,  of  discomfort  referred  to  the  thigh,  and  stiff- 
j  ness  on  changing  from  a  state  of  rest  to  one  of  acti\'ity.  On  examination  one  notes 
the  following  changes :  the  actual  shortening  due  to  elevation  of  the  trochanter,  and 
I  in  well-marked  cases  the  apparent  shortening  caused  by  the  upward  tilting  of  the 
peKis,  in  compensation  for  the  limitation  of  abduction:  the  outward  rotation 
of  the  limb;  and  the  peculiar  and  unequal  limitation  of  motion.     If  the  weak- 
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ened  part  lias  been  injured  or  strained,  more  or  less  intense  muscular  spasm 
may  still  further  limit  motion.     This  is  more  often  present  in  the  epiphyseal 

type  of  deformity,  which  is,  as  has  been 
stated,  in  many  instances  an  incomplete 
fracture. 

In  bilateral  coxa  vara  the  symptoms  as 
regards  each  Hmb  are  the  same,  but  the 
effect  on  the  individual  is  more  marked. 
The  double  Hmp  causes  a  swaying  gait  and, 
as  has  been  stated,  the  normal  lordosis  is  di- 
minished. In  extreme  cases  the  adduction 
of  the  thighs  may  make  locomotion  difficult. 
Diagnosis. — Knowledge  of  the  nature 
and  effects  of  coxa  vara  should  make  the 
diagnosis  easy.  It  is  most  often  mistaken 
for  congenital  dislocation  of  the  hip  and 
for  hip  disease.  The  first  affection  is  con- 
genital, while  coxa  vara  is  acquired.  This 
alone  should  be  sufficiently  diagnostic  in 
most  cases.  In  congenital  dislocation,  if 
the  thigh  be  flexed  and  adducted,  the  head 
and  neck  of  the  femur  can  be  palpated, 
while  in  coxa  vara  nothing  but  the  tro- 
chanter is  apparent.  In  coxa  vara  actual 
shortening  is  present  from  the  first,  while 
in  hip  disease  this  is  a  late  symptom.  In 
coxa  vara  motion  is  limited  by  the  deform- 
ity, particularly  in  certain  directions,  the 
range  of  extension  remaining  unrestricted. 
In  tuberculous  disease  all  motions  are  lim- 
ited, particularly  extension.  Strains  or 
other  affections  of  like  character  are  not 
accompanied  by  shortening  and  could  not 
therefore  explain  the  symptoms.  Incom- 
plete or  impacted  fracture  of  the  neck  is 
traumatic  coxa  vara,  its  cause  being,  as  a 
rule,  apparent  in  the  history. 

It  has  been  stated  that  the  mild  degrees 
of  coxa  vara  would  be  often  found  among  rhachitic  children  if  it  were  looked 
for.  It  is  usually  bilateral,  its  chief  symptoms  being  outward  rotation  of  the 
limbs  and  limitation  of  abduction  at  the  hips.  It  is  usually  accompanied  i\v 
bowing  of  the  lim.bs  rather  than  by  knock-knee. 


Fig.  621. — Right  Coxa  Vara,  Illustrat- 
ing the  Actual  and  the  Apparent  Short- 
ening of  the  Limb  in  Advanced  Deformity 
of  the  Traumatic  Type.     (Original.) 
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In  conclusion,  it  may  be  stated  that  an  x-ray  picture  will  in  doubtful  cases 
make  the  diagnosis  clear,  and  by  this  means  one  may  often  distinguish  the 
varieties  of  the  deformity  that  have  been  mentioned. 

Treatment. — The  prevention  of  coxa  vara  might  include  the  treatment  of 
infantile  rhachitis.  If  coxa  vara  is  present  at  this  early  age  one  should  attempt 
to  correct  the  distortion  of  the  neck  by  methodical  manipulation  of  the  Umb, 
particularly  in  inward  rotation  and  abduction,  ^^■ith  the  aim  of  improving  the 
attitudes  and  overcoming  restriction 
of  motion  at  the  hip  joint. 

If  the  diagnosis  of  unilateral 
coxa  vara  is  made  early,  the  pro- 
gression of  the  deformit)^  might  be 
prevented  by  a  form  of  convales- 
cent hip  splint  after  the  Taylor 
model  which  will  transfer  the  weight 
to  the  permeum  until  the  internal 
structure  of  the  neck,  softened  dur- 
ing the  progression  of  the  deformity, 
may  have  become  stable.  Mean- 
while the  nutrition  may  be  improved 
by  exercises  and  massage  of  the  limb 
and  by  forcible  manipulations  in  the 
directions  in  which  moA'ements  are 
limited.  This  is  particularly  indi- 
cated because  the  direct  effects  of 
the  deformity  are  ahvay.s  increased 
by  muscular  adaptation.  Horseback 
I  and  bicycle  exercise  are  to  be  recom- 
[mended  also. 

This   treatment  should   be   con- 
tinued for  at  least  a  year  and  long 

, standing  or  other  strain  must  be  avoided  for  a  longer  period.     If  the  deformity 
[is  bilateral,  direct  support  can  hardly  be  applied.     In  certain  cases  of  the  pro- 
gressive type,  whether  unilateral  or  bilateral,  the  wiiter's  operation  for  the  cor- 
irection  of  impacted  or  incomplete  fracture — namely,  forcible  abduction  at  the 
,hip — may  be  of  service.     The  patient  being  anaesthetized,  the  limb  is  first  ab- 
■  ducted  until  the  outer  border  of  the  depressed  neck  comes  into  contact  with 
the  upper  border  of  the  acetabulum.     Further  abduction,   the  head  of  the 
femur  being  held  in  the  acetabulum,  brings  direct  pressure  against  the  resisting 
neck.    In  recent  fractures  the  deformity  may  be  corrected  by  forcing  the  Umb 
to  the  limit  of  abduction,  and  doubtless,  if  the  structure  of  the  neck  were  yield- 
ing, as  in  rapidly  progressing  deformity,  the  same  result   might  be  accom- 


FiG.  622. — Fracture  of  the  Neck  and  Separation 
of  the  Epiphysis  of  the  Femur.  (Whitman's 
"Orthopedic  Surgery.")  1,  Fracture  of  the  neck 
of  the  femur;  2,  restoration  of  the  normal  angle 
by  forcible  abduction;  3,  the  limb  in  normal  jxjsi- 
tion ;  4,  5,  and  6  illustrate  separation  of  the  epiph- 
j'sis  of  the  head  of  the  femur  treated  bj-  the  same 
method. 
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plished.     In   any  event,  the  stretching  of  the  contracted   adductor  group  of 
muscles  should  be  of  service  in  improving  function.     (Fig.  622.) 

Attention  may  be  called  again  to  the  fact  that  the  deformity  of  coxa  vara 
is  of  the  group  that  includes  the  more  familiar  distortions  of  the  bones  of  the 
lower  extremity,  and  it  may  be  treated  in  the  same  manner,  namely,  by  direct 
operative  correction  of  the  deformity.  The  object  is,  of  course,  to  replace  the 
neck  in  the  proper  relation  to  the  shaft,  with  the  aim  of  restoring  function  and 
removing  abnormal  strain.  For  this  purpose  I  ha^'e  found  the  following  opera- 
tion to  be  most  efficacious,  particularly  in  those  cases  in  w^hich  outward  rota- 
tion is  not  extreme.     The  patient  having  been  ansesthetized,   the  muscular 


Fig.  623. — Illustrates  the  Operative  Reduction  of  the  Deformity  of  Coxa  Vara.  1,  The  normal 
contour;  2,  depression  of  the  neck  of  the  bone  (coxa  vara)  (at  A  a  wedge  of  bone  has  been  removed); 
3,  abduction  of  the  limb  first  fixes  the  upper  segment  by  contact  with  the  rim  of  tlie  acetabulum, 
then  closes  the  opening  in  the  bone;  4,  replacement  of  the  limb  after  union  is  completed  elevates  the 
neck  to  its  former  position. 


contraction  is  overcome  by  vigorous  stretching  until  abduction  is  free  to  the 
point  at  which  it  is  restricted  by  contact  of  the  outer  part  of  the  neck  with  the 
upper  border  of  the  acetabulum.  An  incision,  about  three  inches  in  length,  is 
then  made  from  a  point  about  an  inch  from  the  apex  of  the  trochanter  directly 
downw^ard  in  the  line  of  the  shaft.  The  bone  is  then  thoroughly  exposed  and 
a  w'edge,  at  the  base  about  three-quarters  of  an  inch  in  breadth,  is  removed, 
the  apex  being  directly  opposite  the  trochanter  minor  at  a  pohit  about  two 
inches  from  the  upper  extremity  of  the  trochanter.  The  upper  section  should 
be  practically  at  a  right  angle  with  the  shaft,  the  obliquity  being  entirely  in 
the  lower  portion.  Sufficient  of  the  cortical  substance  of  the  inner  aspect  of 
the  bone,  reinforced  by  the  cartilaginous  trochanter  minor,  is  allowed  to 
remain  to  preserve  the  continuity  of  the  bone.    The  limb  is  then  gently  ab- 
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ducted  until  the  wedge-shaped  opening  is  closed,  the  inner  part  of  the  bone 
bending  Uke  a  hinge  without  fracturing,  so  that  there  is  no  danger  of  dis- 
placement of  the  fragments.  If  the  wedge  is  of  proper  size,  when  the  surfaces 
are  brought  into  contact  the  limb  is  at  the  hmit  of  normal  abduction,  or 
at  an  angle  of  45°  with  the  body.  The  wound  is  then  closed  and  a  short  plas- 
ter-of-Paris  spica  bandage  is  applied  to  fix  it  in  this  attitude  until  repair  is^ 
complete,  the  usual  time  being  about  tbj-ee  months.  WTien  the  Hmb  is  restored 
to  the  line  of  the  body  the  neck  of  the  femur  is  elevated  to  its  normal  angle. 
Function  is  thereby  restored,  and  the  patient  is  cured.     (Fig,  623.) 

Measurement  will  show  that  this  procedure  makes  the  limb  somewhat 
longer  than  before  the  operation,  the  actual  shortening  being  rarely  more  than 
half  an  inch.  Massage,  exercises,  and  super\dsion  are  of  value  if  they  can  be 
pro\'ided,  although,  according  to  the  WTiter's  experience,  they  are  not  essential 
to  success.     (Figs.  624  and  625.)  • 

In  older  subjects  there  is  often  marked  posterior  distortion  of  the  neck, 
sho^^'n  by  extreme  outward  rotation  of  the  limb.  In  cases  of  this  class  simple 
linear  osteotomy  is  preferable.  Muscular  contraction  haAing  l^een  overcome 
in  the  manner  already  described,  the  so-called  subcutaneous  osteotome  is 
pushed  directly  through  the  tissues  at  a  point  about  thi-ee  inches  below  the 
apex  of  the  trochanter.  The  cortex  of  the  outer  surface  is  divided  and  the 
bone  is  sufficiently  weakened  to  permit  fracture  when  the  limb  is  forcibly  ab- 
ducted. ^^^len  the  bone  is  broken,  the  limb  is,  under  traction,  rotated  inward 
to  bring  the  foot  into  normal  position,  and,  in  the  attitude  of  normal  abduc- 
tion, it  is  fixed  in  a  long  spica  bandage  that  includes  the  foot. 

In  cases  of  the  adolescent  type  in  which  it  may  be  inferred  that  the  neck 
of  the  bone  is  somewhat  softened,  the  period  of  protection  must  be  much  longer 
than  in  the  preceding  cla^s.  Tlius  it  is  of  advantage  for  the  patient  to  use  a 
convalescent  hip  splint  for  several  months,  massage  and  proper  exercises  being 
employed  to  improve  the  circulation  and  to  strengthen  the  muscles. 

There  are  certain  cases  in  adolescence  in  which  the  deformity,  often  bi- 
lateral, has  advanced  very  rapidly.  In  cases  of  this  type  it  may  be  possible 
actually  to  straighten  the  neck  by  forcible  abduction  of  the  limb  without  oste- 
otomy, in  the  manner  already  described. 

The  treatment  of  traumatic  partial  epiphyseal  separation  is  properly 
included  under  that  of  fracture  of  the  neck  of  the  femur.  (See  the 
article  on  Fractures  in  Vol.  III.)  As  has  been  stated,  this  injury  is 
favored  by  coxa  vara,  especially  of  the  epiphyseal  type,  and  these  sec- 
ondary forms  of  epiphyseal  separation  can  hardly  be  distinguished  from 
those  induced  by  primary  injury.  In  both  instances  the  relation  of  the  joint 
surfaces  is  so  changed  that  persistent  disabiUty  must  follow  unless  the  head 
of  the  femur  is  replaced  in  its  proper  position.  In  favorable  cases,  therefore, 
this  should  be  attempted.     An  incision  just  to  the  outer  side  of  the  anterior 
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superior -spine,  about  four  inches  in  length,  is  made  directly  downward.  This 
exposes  the  interval  between  the  tensor  vaginse  femoris  on  the  upper  and  the 
gluteus  medius  muscle  on  the  lower  side.  When  these  are  widely  separated 
the  anterior  wall  of  the  capsule  is  exposed.  This  is  opened  in  the  line  of  the 
neck,  and  when  the  limb  is  rotated  outward  the  deformity  is  exposed.    There  is 


Fig.  624. — Coxa  Vara  in  Sisters.     Right  in  the  elder;  left  in  the  younger;  both  of  the  rhachitic 

type.     (See  Fig.  623.)     (Original.) 

usually  displacement  of  the  head  downward  and  backward.  A  thin  chisel  is 
driven  through  the  neck  so  that  the  head  is  completely  separated.  It  is  then, 
by  the  leverage  of  the  chisel,  pushed  upward  and  inward  while  the  hmb  is  forcibly 
abducted  and  rotated  inward,  the  parts  being  thus  replaced  in  proper  position. 
If  necessary,  a  thin  section  of  bone  may  be  removed  from  the  inner  extremity 
of  the  neck  to  facilitate  this  replacement.    The  wound  is  then  closed  and  a 
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plaster-of-Paris  spica  bandage  is  applied  to  fix  the  parts  until  repair  is  com- 
plete.    The  after-treatment  is  the  same  as  has  been  described. 

It  may  be  noted  in  the  review  of  treatment  that  stress  has  been  laid  upon 
prevention  of  deformity  and  upon  positive  correction.  In  cases  that  are  not 
treated,  the  distortion  tends  to  increase  for  a  time  until  the  discomfort  and 
disabiUty  enforce  rest,  and  until  further  depression  is  resisted  by  the  compressed 
bone  on  the  under  surface  of  the  neck.     When,  after  an  indefinite  time,  this 


Fig.  625. — Illustrating  the  Operative  Treatment  of  Coxa  Vara.     The  same  patients  are  shown 

in  Fig.  624. 

imit  has  been  reached,  pain  ceases,  muscular  spasm  disappears,  and  the  range 
'of  motion  increases,  but  the  deformity  persists.  The  patient  limps,  or  walks 
[awkwardly,  and  is,  to  this  extent,  placed  at  a  disadvantage.  The  importance 
[of  treatment,  therefore,  to  assure  an  actual  cure,  as  contrasted  ^sith  this  natural 
[process,  is  apparent. 

II.   COX.\  VALGA. 

Coxa  valga  signifies  an  abnormal  elevation  of  the  neck  of  the  femur.  The 
deformity  is  uncommon  and  of  but  shght  importance.  It  is  sometimes 
observed  in  Umbs  that  have  never  supported  weight  and  it  is  a  possible  result  of 
injury  in  which  the  epiphyseal  extremity  of  the  femur  has  been  forced  upawrd. 
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In  very  rare  instances,  as  a  congenital  deformity,  coxa  valga  may  cause 
symptoms  when  the  child  begins  to  walk,  the  most  noticeable  peculiarity  being 
slight  persistent  abduction  and  outward  rotation  of  the  limb,  and  the  opposed 
movements  being  correspondingly  restricted.  If  this  restriction  cannot  be 
overcome  by  manipulation  and  training,  the  deformity  may  be  remedied  by 
osteotomy. 

III.  DISTORTIONS  OF  THE  BONES  OF  THE  LOWER  EXTREMITY. 

There  are  three  common  distortions  of  the  lower  extremities:  Bow-leg 
(genu  varum),  knock-knee  (genu  valgum),  and  anterior  bowing  of  the  leg 
(anterior  bow-leg).  But  although  the  outward  expression  of  the  deformity 
classifies  it  usually  as  of  one  or  another  of  these  types,  not  infrequently  all  three 
distortions  may  be  present  in  one  limb. 

For  example,  in  cases  of  extreme  rhachitic  deformity  the  femur  is  usually 
bent  forward  and  outward  above,  and  inward  at  the  knee,  while  the  tibia  in- 
clines outward  and  forward  and  is  finally  turned  abruptly  inward  above  the 
ankle.  Such  "corkscrew"  distortions  can  hardly  be  classified  as  either  bow- 
leg or  knock -knee. 

Etiology. — As  is  well  known,  the  principal  factor  in  the  etiology  of  deform- 
ities of  the  bones  is  rhachitis.     (Fig.  626.) 

In  the  clinics  of  New  York,  the  Italian  and  the  colored  children  furnish  a 
disproportionate  percentage  of  the  most  extreme  cases,  but  in  the  milder  forms 
the  affection  is  far  from  uncommon  even  among  the  favored  classes.  Rhachitis 
lessens  the  resistance  of  the  bones  and  correspondingly  decreases  the  strength 
of  the  muscles  and  other  tissues.  The  erect  attitude  subjects  the  weak  bones 
to  the  strain  of  weight  and  motion ;  thus  the  deformities  increase  most  rapidly 
when  the  child  begins  to  walk;  but  in  many  instances  the  manner  of  sitting,  of 
creeping,  and  the  Uke,  has  already  determined  the  deformity. 

Another  example  of  external  influence  is  seen  in  bow-leg  of  one  side  com- 
bined with  knock-knee  of  its  fellow,  a  deformity  not  at  all  uncommon  among 
Italian  children,  and  induced,  it  would  appear,  by  carrying  the  child,  often 
enveloped  in  swathing  clothes,  habitually  on  one  arm,  the  limbs  being  pressed 
against  the  mother's  chest. 

Bow-legs  are  more  common  than  knock-knees.  In  a  period  of  ten  years 
at  the  Hospital  for  Ruptured  and  Crippled,  3,452  cases  of  bow-legs  were  treated, 
2,030  of  which  were  in  males.  In  the  same  period  the  number  of  knock-knees 
was  1,989,  1,024  behig  in  male  subjects.  Anterior  curvatures  of  the  tibia; 
rarely  exist  as  a  single  deformity  and  are  more  often  combined  with  knock- 
knees  than  with  bow-legs.  All  rhachitic  deformities  are,  as  a  rule,  bilateral, 
and  they  are  somewhat  more  common  in  males  than  in  females. 

Aside  from  the  direct  deforming  influences  that  have  been  mentioned,  it 
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would  appear,  according  to  Wolff's  law,  that  the  deformity  must  be  the  result 
of  adaptation  to  the  physical  condition  of  the  patient.  A  very  weak  child  on 
attempting  to  stand  seizes  some  support,  the  knees  are  pressed  together,  the 
attitude  being  one  of  semi-flexion  so  that  the  weight  tends  to  bend  the  tibiae 
forward.  And,  as  has  been  stated,  it  is  a  common  observation  that  knock- 
knees  and  anterior  curvatures  are  more  often  combined  than  other  deformities; 
also,  that  well-marked  knock-knee  is  usually  a  rhachitic  deformity,  while  a 
correspondhig  degree  of  bow-leg  may  exist  in  otherwise  normal  children. 

Bow -leg  of  slight  degree  may  be.  congenital;  it  is  often  present  in  combina- 


FiG.  626. — Various  Forms  of  Rhachitic  Deformities  of  the  Lower  Extremities.  No.  1,  Tlie  or- 
ordinary  type  of  genu  varum;  No.  5,  true  bow-legs  not  invoh-ing  the  knees;  No.  3,  extreme  genu 
varum;  No.  2,  Extreme  genu  valgum,  showing  the  general  distortion  of  the  bones;  No.  4,  uni- 
lateral genu  valgum  combined  with  general  rhachitic  deformities.     (Original.) 

tion  with  congenital  club-foot.  It  is  not  uncommon  in  children  who  are  vigor- 
ous and  begin  to  stand  at  a  very  early  age.  Knock-knee  also  in  sUght  degree 
is  not  uncommon,  particularly  in  female  children.  It  is  often  associated  with 
flat  feet  in  children  who,  though  weak,  are  not  rhachitic,  and  in  general  the 
popular  belief  that  this  deformity  is  characteristic  of  weakness  is  well  founded. 
Tlius  far,  mention  has  been  made  of  hiherited  or  acquired  weakness  or  other 
predisposition  that  becomes  operative  in  early  life.  There  is  also  a  second  period 
in  which  deformity,  or  at  least  increase  in  curvature,  may  appear.  This  is 
adolescence,  when  rapid  growth  makes  the  bones  less  stable  and  when  the  strain 
of  laborious  occupation  may  be  an  exciting  cause.    Occupation,  even  in  ordinary 
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individuals,  has  a  very  decided  influence  in  inducing  deformity.  Thus,  in 
Vienna,  "baker's  knee"  is  the  popular  term  for  genu  valgum,  and  those  who 
ride  constantly  have,  in  many  instances,  outward  bowing  of  the  legs. 

The  influence  of  injury,  such  as  fracture  or  rupture  of  ligaments  at  the  knee, 
or  of  disease  of  the  joints,  in  inducing  deformity  is  apparent,  but  cases  of  this 
character  do  not  require  consideration  in  this  article. 

The  Outgrowth  of  Deformity. — In  concluding  the  consideration  of  etiology, 

the  process  of  natural  cure,  or  outgrowth 
of  deformity,  may  be  mentioned,  for,  as 
is  well  known,  there  is  a  strong  belief, 
shared  by  the  profession  and  laity  alike, 
that  these  deformities  are  usually  out- 
grown and  that  treatment  is  therefore 
unnecessary.  If  one  looks  upon  deform- 
ity as  a  functional  adaptation  to  weak- 
ness, it  is  evident  that  a  natural  gain  in 
strength  should  lead  to  the  adoption  of 
attitudes  that  would  tend  to  correct  it. 
So  also  it  is  apparent  that  the  lengthen- 
ing of  the  limb  in  growth  will  lessen 
proportionately  the  distortion.  And, 
again,  in  the  cases  in  which  the  limbs 
are  twisted  in  various  directions,  the 
outward  expression  might  well  be  trans- 
formed from  bow-leg  to  knock-knee,  or 
vice  versa.  But  in  general  it  may  be 
stated  that  deformities  of  this  character, 
although  they  become  less  noticeable, 
do  not  usually  disappear  entirely.  This 
is  evidenced  by  the  number  of  distor- 
tions of  this  class  that  may  be  seen  in 
adult  males,  which,  although  occasionally 
developing  in  mature  years,  are  in  the  great  majority  of  cases  instances  of 
deformity  that  has  persisted  since  childhood. 

Having  considered  these  deformities  of  common  origin  in  general,  one  may 
take  up  the  individual  distortions  in  order  of  frequence. 

Bow-Leg  (Genu  Varum) — There  is  a  certain  distinction  between  bow-leg, 
strictly  speaking,  and  genu  varum.  The  first  implies  bowing  of  the  leg  below 
the  knee,  and  the  second  bowing  at  the  knee.  If,  however,  the  bowing  is  in  the 
lower  third  of  the  leg,  the  effect  is  to  abduct  the  femur  so  that  the  knee  is  bent 
outward.  And  in  those  cases  in  which  the  deformity  is  most  marked  at  the 
knee,  the  tibia  is  practically  always  deformed.    There  is  this  distinction:  in 
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Fig.  627. — Marked  Bowing  of  the  Bones 
Below  the  Knees  without  Involvement  of  the 
Femora. 
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simple  bow -leg  the  deformity  may  be  confined  to  the  tibia  and  fibula,  while 
in  genu  varum  the  femur,  the  bones  of  the  leg,  and  in  some  degree  the  liga- 
ments at  the  knee  are  involved. 

The  deformity  is  so  well  known  that  further  description  is  unnecessary. 
The  relation  of  the  bones  at  the  knee  may  be  unchanged,  but,  as  a  rule,  the 
femur  is  rotated  somewhat  outward  and  the  tibia  inward.  Tlius  intoeing  is 
not  unusual.  There  are  other  general  adaptive  changes  in  the  shape  of  the 
bones  and  in  the  articulations,  due  to  the  altered  conditions  of  weight  and 
strain,  but  these  hardly  require  extended  comment. 

Treatment. — The  prevention  of  deformity  by  the  treatment  of  rhachitis 


Fig.  628.— The  Short  ("Knight")  and  the  Long  ("Napier")  Bow-leg  Braces. 


and  by  the  prevention  of  postures  that  predispose  to  it,  is,  of  course,  of  great 
importance.  At  an  early  age,  manual  correction  of  the  deformity — that  is, 
straightening  the  distorted  bones  by  gentle  force  many  times  daily — may  be 
jffective.    If  the  child  has  already  begun  to  walk,  braces  are  often  of  ser\'ice. 

The  principle  of  the  brace  for  bow-leg  is  essentially  simple.     It  is  a  splint 
^applied  on  the  concave  side,  to  which  the  limb  is  fastened  ^^'ith  a  certain  press- 
re.     If  the  deformity  is  below  the  knee,  a  short  brace  is  used.     For  example, 
light  bar  of  steel  is  fitted  to  the  inner  side  of  the  sole  of  the  shoe,  ^vith  a  joint 
it  the  ankle.     Its  upper  extremity  is  pro\ided  with  a  pad  for  pressure  on  the 
itemal  condyle  of  the  femur,  and  a  leather  lacing  or  strap  is  passed  about  the 
leg  and  tightened  to  the  point  of  comfort.     If  the  deformity  is  most  marked  at 
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the  knee,  the  brace  must  extend  to  the  neighborhood  of  the  pubes,  and  in  order 
to  assure  its  position  a  metal  band  is  often  passed  in  front  of  the  thigh  to  the 
outside  and  is  joined  to  a  pelvic  band.  Pressure  is  then  exerted,  particularly 
at  the  knee.  (Fig.  628.)  The  object  of  the  brace  is  support  rather  than  active 
correction,  for  if  the  progress  of  deformity  is  checked  the  hmb  will  gradually 
grow  straighter.  To  hasten  correction,  methodical  manual  correction  and 
massage  should  be  employed. 

Operative  Treatment. — If  by  manual  pressure  the  bones  are  found  to 
be  yielding,  cure  by  braces,  if  properly  used,  may  be  predicted,  the  time  required 
being  from  six  months  to  a  year.  In  walking  children  of  three  or  more  years 
of  age,  if  the  deformity  is  well  marked  and  resistant,  operative  correction  is 
advisable.  The  operation  is  practically  free  from  danger,  and  the  result  is 
satisfactory.  If,  for  example,  the  deformity  is  confined  to  the  legs  and  is 
most  marked  just  above  the  ankle,  complete  and  immediate  correction  will 
assure  a  cure  in  a  few  weeks.  But  if  it  is  more  general  and  if,  as  when 
caused  by  rhachitis,  it  is  accompanied  by  laxity  of  ligaments  at  the  knee, 
after-treatment  by  braces  is  often  required,  even  though  the  deformity  has 
been  overcome. 

One  of  the  most  satisfactory  procedures  in  the  milder  type  of  cases  in  young 
subjects  is  manual  correction.  The  limb  is  seized  with  the  hands  and  forcibly 
overcorrected,  the  fracture  being  of  the  green-stick  variety.  For  instrumental 
osteoclasis  the  best  appliance  is  the  Grattan  instrument,  the  bones  being  bent 
and  partly  broken  at  the  point  of  greatest  deformity.  This  is  usually  sufficient ; 
but,  if  the  distortion  is  severe,  fracture  both  above  and  below  the  knee  may  be 
necessary.  This  may  be  performed  at  one  sitting,  or  the  second  operation  may 
be  deferred  until  the  effect  of  the  first  is  noted. 

Osteotomy  is  equally  efficacious  by  means  of  the  so-called  subcutaneous 
osteotome.  This  instrument,  about  the  size  of  a  lead  pencil,  flattened  to  a 
cutting  edge,  is  forced  through  the  skin  at  the  concavity  of  the  curve  of  the 
tibia.  It  is  then  turned  to  a  right  angle  with  the  axis  of  the  Hmb  and  driven 
through  the  cortex  of  the  bone,  then  withdrawn  sfightly  and  forced  into  one 
and  the  other  side  until  the  bone  is  sufficiently  weakened  to  allow  fracture  by 
the  hands.  The  fibula  being  bent  or  broken  to  conform  to  the  correction,  the 
minute  wound  is  closed  with  a  single  suture,  and  the  plaster  bandage  is  apphed, 
the  deformity  having  been  considerably  overcorrected. 

In  many  instances  the  operation  being  performed  at  the  point  of  greatest 
deformity,  sufficient  correction  may  be  attained  to  compensate  for  the  slighter 
bending  of  the  other  bone.  If  not,  it  may  be  well  to  defer  the  second  osteot- 
omy until  the  result  of  the  first  operation  has  been  tested.  For  it  will  be  borne 
in  mind  that  if  by  the  operation  the  static  conditions  are  changed  the  natural 
transformation  will  bring  about  ultimate  symmetry.  "Whatever  operation  is 
performed,  the  deformity  must  be  overcorrected.     The  bow-leg  must  be  trans- 
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formed  to  knock-knee,  and  vice  versa,  and  the  part  must  be  fixed  in  the  new 
position  by  a  plaster  bandage  or  other  support  for  about  eight  weeks. 
If  one  is  in  doubt  on  the  question  of  under-  or  over-correction  of  deformity,  the 
bandage  may  be  removed  in  three  weeks,  when,  the  bone  being  flexible,  the  position 
may  be  rectified  and  a  new  support  applied.  "\Mien  this  is  finally  removed, 
massage,  exercises,  and  caution  as  to  the  degree  of  strain  imposed  are  of  course 
necessary.  If  there  is  the  slightest  sign  of  further  }ielding,  braces  must  be 
employed.  The  general  condition  of  the 
patient  must,  of  course,  receive  attention  in 
cases  in  which  weakness  or  active  rhachitis 
is  present. 

Knock-Knee  (Genu  Valgum).— In  the 
erect  posture,  "with  the  limbs  in  contact, 
the  femora,  .separated  above  by  the  pehis, 
inchne  somewhat  inward  to  the  knees. 
Thus,  the  hmbs  are  not  absolutely  straight, 
but  form  at  the  knees  angles  opening  out- 
ward of  about  172°.  This  angle  is  some- 
what more  acute  in  females,  in  whom  what 
may  be  called  normal  knock-knee  is  often 
present. 

In  cases  of  noticeable  deformity  the 
knees  come  into  contact,  so  that  the  feet 
cannot  be  placed  side  by  side — hence  the 
popular  name. 

In  the  ordinary  form  of  genu  valgum 
the  deformity  is  most  marked  in  the  neigh- 
borhood of  the  knee,  the  lower  extremity  of 
the  femur  l^eing  so  bent  that  the  internal 
mdyle  is  on  a  lower  plane  than  the  exter- 

ial,  so  also  the  internal  bearing  surface  of 
the  tibia  is  somewhat  higher  than  the  ex- 

imal.     In  certain  instances  the  deformity 

iducing  the  knock-knee  may  be  almost  en- 
tirely confined  to  the  lower  extremity  of  the  femur,  in  others  to  the  upper  third 

)f  the  tibia.     Or,  again,  the  deformity  may  be  almost  entirely  caused  by  a  sharp 

)utward  bending  of  the  tibia  at  the  middle,  the  bones  at  the  knee  joints  being 
|airly  normal  in  contour.     In  other  instances  the  distortion  of  the  bones  may 
general,  as  in  the  so-called  corkscrew  deformity  that  has  been  mentioned. 

[n  addition  to  the  direct  deformity  of  the  hmbs  there  are  secondary  changes 
the  contour  of  the  bones.     Foi'  example,  in  advanced  ca.ses  the  tibia  is  flat- 
med  from  before  backward  and  its  crest  is  apparently  transferred  to  the  inner 


Fig.  629. — Genu  Valgum,  illustrating 
the  Adaptive  Change  in  Contour  of  the 
Tibiae.     (Original.) 
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border.     (Fig.  629.)     Accompanying  these  external  changes  there  is  a  corre- 
sponding transformation  of  the  internal  structure. 

Genu  valgum,  as  compared  to  genu  varum,  is  a  much  more  serious  affec- 
tion, and,  aside  from  the  distortion  itself,  is  accompanied  by  changes  in  the 
relation  between  the  component  bones  at  the  knee.  For  example,  the  femur 
is  rotated  inw.ard,  and  the  tibia  is  rotated  outward,  the  patella  being  displaced 
somewhat  to  the  outer  side.  When  the  limb  is  flexed  the  deformity  disap- 
pears, as  explained  by  the  mechanism  of  the  knee,  the  tibia  sHding  in  flexion 
behind  the  projecting  inner  condyle.  Thus  complete  extension  exaggerates 
the  deformity,  and  the  patient  is  inclined  to  walk  with  the  knees  slightly  flexed. 
This  in  fact  is  the  habitual  attitude  in  the  ordinary  type  of  rhachitic  knock- 
knee,  which  is  therefore  often  accompanied  by  flexion  contraction  at  the  hips 
and  knees  and  by  retraction  of  the  tissues  on  the  outer  side  of  the  knees. 

Etiology. — As  has  been  stated,  knock-knee  is  symptomatic  of  weakness, 
'and  the  relation  of  the  bones  at  the  knee  is  an  exaggeration  of  that  characteris- 
tic of  the  so-called  attitude  of  rest.  Knock-knee,  then,  is  a  deformity  that  may 
be  directly  induced  by  the  habitual  assumption  of  the  predisposing  attitude, 
as  in  the  cases  often  seen  in  adolescence,  in  which  the  deformity  is  in  great  de- 
gree dependent  upon  the  changed  relation  of  the  bones  at  the  knee  and  by 
laxity  of  the  ligaments.  In  young  children  knock-knee  is  often  accompanied 
by  so-called  flat  feet,  and  the  intoeing  attitude — nature's  method  of  resisting 
the  progress  of  the  deformity — is  often  the  symptom  that  attracts  attention. 
In  well-marked  knock-knee  of  long  duration,  this  compensatory  resistance  is 
often  shown  in  well-marked  varus  deformity  of  the  feet. 

Symptoms. — The  symptoms  of  knock-knee  are,  practically  speaking,  the 
deformity  itself.  There  is  also,  even  in  mild  cases,  a  peculiar  awkwardness  in 
the  gait  due  to  the  necessity  of  avoiding  interference  at  the  knees,  and  in  ado- 
lescent subjects  there  are  usually  sensations  of  weakness  and  discomfort  after 
long  standing,  referred  to  the  inner  aspect  of  the  knee. 

The  pathology  is  comprised  in  the  deformity  and  the  changes  incidental 
to  it. 

Treatment. — If  the  deformity  is  discovered  in  early  childhood,  the  limbs 
should  be  straightened  by  methodical  manipulation  applied  many  times  during 
the  day.  If  it  is  accompanied  by  flat  feet  the  inner  border  of  the  shoe  should 
be  made  one-fourth  of  an  inch  thicker  than  the  outer  border  in  order  to  lessen 
the  strain  upon  the  knee.  If  the  child  is  walking  about  and  if  the  deformity 
is  increasing,  braces  are  indicated.  If  these  are  to  be  effective  in  actual  cor- 
rection there  must  be  no  joint  at  the  knee,  because  the  natural  attitude  of 
compensation  for  the  deformity  is  flexion,  which  should  be  prevented. 

An  effective  brace  is  that  of  Tliomas,  which  consists  of  a  straight  bar  of 
steel  reaching  from  the  trochanter  to  the  heel  of  the  shoe.  At  the  upper  third 
of  the  thigh  part,  and  at  a  point  opposite  the  middle  of  the  calf,  are  thin  steel 
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bands  long  enough  to  encircle  about  three-quarters  of  the  limb.  These  are 
connected  by  a  straight  bar  passing  behind  the  centre  of  the  knee.  The  brace 
being  adjusted,  the  knee  is  drawn  outward  toward  the  outer  bar  and  back- 
ward toward  the  posterior  bar,  by  bandages  at  a  tension  not  sufficient  to 
cause  discomfort.  The  effectiveness  of  the  brace  is  still  further  increased 
by  the  addition  of  a  di\-ided  peh-ic  band  joined  to  its  fellow  by  straps  behind 
and  in  front  by  which  the  rotation  of  the  limb  may  be 
regulated.  Tlie  braces  are  worn  when  the  child  is  on  its 
feet,  and  their  use  should  be  combined  ^sith  massage  and 
manual  correction  at  morning  and  night.  Under  favorable 
conditions  the  deformity  may  be  corrected  in  about  six 
months.     (Fig.  631.) 

Operative  Treatment. — In  the  stage  of  active  rhacliitis 
the  deformity  may  he  corrected  easily  b}'  the  application 
of  plaster  bandages  in  an  improved  position;  or  at  one 
sitting,  if  anaesthesia  be  employed;  but,  as  a  rule,  in  this 
class  subsequent  support  is  necessary  to  prevent  recur- 
rence of  the  distortion.  In  the  ordinary  type  the  deformit}' 
is  most  marked  at  the  lower  third  of  the  femur,  and  if  the 
bone  be  fractured  at  this  point  the  correction  of  the  ob- 
liquity of  the  condyles  tniII  usually  overcome  the  knock- 
knee.  If,  however,  the  distortion  is  more  general  it  may 
be  necessary  to  straighten  both  the  femur  and  the  tibia. 
In  other  instances  the  deformity  is  practically  confined 
to  the  tibia,  in  which  case  the  correction  may  be  confined 
to  this  bone.  ^Mienever  the  distortion  is  marked,  an  j-ray 
picture  is  of  value  as  indicating  the  proper  site  for  opera- 
tive correction. 

The  typical  operation  for  the  ordinary  type  of  knock- 
knee  is  supracondylar  fracture,  subcutaneous  osteotomy 
being  perhaps  the  o|)eration  of  choice.  The  hmb  ha\ing 
been  prepared,  the  patient  is  turned  upon  the  side  and,  the 
inner  aspect  of  the  knee  being  supported  on  a  sand  bag,  the 
lower  extremity  of  the  femur  is  grasped  by  the  fingers  and  the  subcutaneous 
osteotome  is  thrust  directly  do\\Ti  upon  the  outer  aspect  of  the  bone  at  a  point 
about  one  inch  and  a  hah  above  the  prominence  of  the  external  condyle,  that  is, 
about  three-quarters  of  an  inch  above  the  epiphyseal  cartilage.  Tlie  blade  is  then 
turned  to  a  right  angle  and  is  driven  into  the  cortex  on  one  side  and  the  other 
until  it  is  sufficiently  weakened  to  allow  fracture  \Nith  the  hands,  a  wedge-shai3ed 
opening  being  left  on  the  outer  side  and  the  bone  being  bent  without  separation 
of  the  two  fragments.  The  wound  is  closed  with  a  catgut  suture,  and  a  spica 
plaster  bandage  is  appUed  in  the  attitude  of  overcorrection  (moderate  genu 

VOL.  IV. — 55 


866 


AMERICAN  PRACTICE   OF  SURGERY. 


varum).  Both  limbs  are  operated  upon  at  one  sitting.  If  the  deformity  is 
severe,  the  correction  should  be  made  both  above  and  below  the  knee.  In 
this  case,  if  both  limbs  are  to  be  operated  upon,  it  may  be  well  to  postpone  the 
second  operation  for  several  weeks.  If,  however,  osteoclasis  is  employed,  in 
which  the  fracture  is  less  complete,  the  correction  may  be  made  above  and 
below  at  the^same  time.  For  osteoclasis  the  Grattan  osteoclast  is  to  be  pre- 
ferred, the  attempt  being  made  by  adjusting  the  instrument  to  fracture  the 
femur  or  the  tibia  or  both  at  the  points  of  greatest  deformity. 

Some  surgeons — for  example,  Lorenz — who  practise  osteoclasis  attempt  to 


Fig.  631. — ^The  Modified  Thomas  Brace  with  Pelvic  Band,  Showing  Overcorrection  of  Deformity. 


separate  the  epiphysis  from  the  diaphysis  in  the  correction,  on  the  ground 
that  the  deformity  is  thus  more  perfectly  corrected.  But  the  distance  of  three- 
quarters  of  an  inch,  the  point  of  election  for  osteotomy,  is  equally  efficacious 
without  the  possible  danger  of  injury  to  the  growing  bone.  The  plaster  band- 
age is  retained  for  a  number  of  weeks,  four  to  eight,  and  then  massage  and 
exercises  should  be  employed,  resumption  of  function  being  gradual.  In  rha- 
chitic  cases  support  by  braces  may  be  necessary  for  a  time. 

Genu  varum  of  one  limb  combined  with  genu  valgum  of  the  other  causes 
a  very  peculiar  attitude,  for  the  base  of  support  is  displaced,  as  it  were,  to  one 
side.    In  such  cases  operative  treatment  is  indicated  rather  than  the  mechanical. 
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Anterior  Curvature  of  the  Legs. — Anterior  bow-leg  usually  complicates 
general  distortion  of  the  limbs,  and  it  is  more  often  combined  with  knock-knee 
than  with  bow-leg.  In  this  deformity  the  tibia  is  flattened  from  side  to  side, 
it  curves  forward,  and  its  anterior  border  is  often  prominent.  The  deformity 
is  practically  always  bilateral,  and  as  the  weight  of  the  body  is  thrown  forward 
it  causes  a  \ery  awkward  shuflfling  gait,  the  heels  being  prominent  and  the 
foot  flat. 

Anterior  curvature  of  the  tibia  is  usuaUy  caused  by  rhachitis.  It  is,  how- 
ever, a  characteristic  deformity  of  chronic  ostitis  and  thus  a  not  uncommon 
manifestation  of  hereditar}'  syphilis.  In  such  cases  the  bone  is  elongated  and 
hypertrophied  in  addition  to  the  distortion.  Other  causes  hardly  need  con- 
sideration. Tlie  treatment  of  anterior  bow-leg  is  like  that  of  other  rhachitic 
distortions.  It  may  be  corrected  in  the  stage  of  formation  by  manipulation. 
Its  progress  may  be  checked  by  the  use  of  a  brace  consisting  of  two  upright 
bars  placed  on  either  side  of  the  leg  and  carrying  a  leather  band  to  proWde 
pressure  on  the  most  prominent  part  of  the  curvature. 

If  the  deformity  is  advanced,  the  bone  is  not  amenable  to  correction  by 
braces,  and  operative  treatment  is  indicated. 

Osteotomy  or  osteoclasis  may  be  performed,  the  aim  l^eing  to  hold  the  bone 
in  line  and  to  open  a  wedge  on  the  posterior  surface.  Tliis  necessitates  ^^gor- 
ous  stretching  of  the  soft  parts,  and  in  confirmed  cases  di\'ision  of  the  tendo 
Achilhs  is  necessary.  In  many  instances  more  or  less  overlapping  of  the  an- 
terior border  \Nill  follow'  correction,  especially  if,  as  is  often  the  case,  lateral 
distortion  must  be  corrected  as  well.  This  may  be  avoided  by  a  cimeiform 
osteotomy,  but,  although  the  immediate  effect  is  more  symmetrical,  the  ulti- 
mate result  is  no  better  than  when  the  bones  are  simply  broken,  for  it  must 
be  borne  in  mind  that  complete  correction  of  deformity  can  be  effected  only 
by  the  natural  process  of  growth. 

I\'.   PARALYTIC    DEFORMITIES    OF    THE  LOWTR    EXTREMITIES. 

In  the  etiology  of  the  disabiUties  and  deformities  of  the  extremities  follow- 
ing paralysis,  anterior  poliomyelitis  is  by  far  the  most  important  factor. 

This,  as  is  well  known,  is  an  affection,  practicaUy  speaking,  hmited  to  infancy 
and  early  childhood.  Thus,  to  the  direct  effects  of  the  paralysis  are  added  the 
distortions  favored  by  the  immaturity  of  the  indi\'iduals  and  the  loss  of  growth 
that  follows  destruction  of  the  nerve  centres  in  the  spinal  cord,  and  the  effects 
due  to  functional  disuse. 

Deformity  after  anterior  poliomyehtis  has  several  more  or  less  direct  causes, 
notablv,  the  force  of  gravity,  unbalanced  muscular  action,  and  functional  use 
of  the  disabled  member. 

Loss  of  growth  corresponds  primarily  with  the  degree  of  paralysis,  and  secon- 
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darily  with  the  loss  of  function.  In  some  instances  one  may  note  a  widespread 
paralysis  and  yet  the  nutrition  of  the  limb,  and  particularly  the  circulation,  are 
fairly  sustained,  while  in  another  instance  the  paralysis  may  be  Umited,  yet  the 
limb  is  ill  nourished  and  the  growth  markedly  checked.  The  influence  of  func- 
tional use  is  even  more  direct.  If,  by  the  aid  of  support,  the  limb  has  been 
enabled  to  perform  a  part  of  its  function,  its  growth  and  nutrition  are  greatly 
improved  as  contrasted  with  one  which,  because  of  deformity,  is  functionally 
useless. 

The  most  important  function  of  the  lower  extremity  is  to  support  weight, 
and  for  this  even  a  completely  paralyzed  limb  is  capable  when  properly 
braced,  so  that  it  shall  be  straight  and  that  the  foot  shall  be  held  at  a  right 
angle  to  it. 

The  essential  part  of  the  later  treatment  of  anterior  poliomyelitis  is  the 
prevention  of  deformity  by  the  proper  support  of  the  more  or  less  disabled 
part  during  the  growing  period.  When  full  growth  is  attained  patients  are 
often  able  by  the  power  of  accommodation  to  the  weakness  to  discard  apparatus 
in  whole  or  in  part. 

At  present,  however,  because  of  the  lack  of  preventive  treatment,  the  cor- 
rection of  deformity  must  usually  precede  the  application  of  apparatus. 

Each  muscle  of  the  limb  has  its  function  more  or  less  important,  the 
knowledge  of  which  enables  one  to  predict  the  disability  and  deformity  that 
will  result  from  its  loss. 

Such  results  are  more  directly  appreciable  in  the  various  distortions  of  the 
foot,  which  are  described  under  Talipes. 

Loss  of  the  quadriceps  extensor  muscle  causes  an  awkward  gait,  the  patient 
swinging  the  limb  forward  and,  as  it  were,  locking  the  knee-joint  at  each  step. 
If,  as  is  usual,  persistent  flexion  follows,  the  gait  is  very  uncertain,  the  patient 
often  placing  the  hand  upon  the  thigh  to  prevent  the  giving  way  when  weight 
is  borne.  Paralysis  of  the  muscles  that  control  the  hip  affect  both  the  move- 
ments of  the  body  and  those  of  the  limb.  The  posterior  muscles  raise  the  body 
when  bent  forward,  while  the  iUo-psoas  is  the  most  important  of  the  flexors.  If 
paralysis  of  the  hip  muscles  is  complete  the  gait  is,  of  course,  very  insecure  and 
awkward.  In  those  cases  in  which  the  paralysis  of  the  limb  is  extensive,  the 
brace  employed  should  be  simple  and  strong,  consisting  essentially  of  two  up- 
rights of  steel  of  sufficient  strength,  passing  on  either  side  of  the  limb  and  joined 
by  a  thigh-  and  calf -band  of  thin  sheet  steel,  while  the  foot  is  supported  by  a  sole- 
plate  fixed  at  a  right  angle.  The  outer  bar  is  carried  upward  to  a  point  above 
the  trochanter,  where  it  is  jointed  to  a  pelvic  band  of  light  steel.  This  is  then 
suitably  padded  and  is  adjusted  with  straps  about  the  pelvis,  thigh,  and  calf. 
It  has  but  one  joint,  that  at  the  hip,  and,  thus  being  subjected  to  but  little 
strain,  it  maybe  made  of  light  material.  If  the  hip  muscles  are  active  the  pel- 
vic band  is  not  necessary.     In  the  treatment  of  older  subjects  a  joint  and  loci 
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at  the  knee  that  \n\\  allow  the  patient  to  flex  the  limb  in  the  sitting  posture  are 
of  advantage. 

As  has  been  stated,  deformity  is  an  almost  inevitable  sequel  of  paralysis, 
and  in  nearly  all  eases  its  correction  is  necessary  before  apparatus  can  be  apphed. 
If  the  paralysis  is  extensive,  the  usual  distortion  is  flexion  both  at  the  hip  and 
knee  and  also  at  the  ankle  (plantar  flexion).  This  is  partly  due  to  posture 
and  in  part  it  is  explained  by  the  fact  that  the  tensor  vaginae  femoris  often 
retains  its  power  when  that  of  the  other  muscles  is  lost.  So  also  the  posterior 
muscles  of  the  limb  are  less  often  completely  paralyzed  than  those  on  the  an- 
terior aspect. 

Correction. — In  certain  instances  the  deformities  can  be  overcome  by 
methodical  stretching  and  subcutaneous  tenotomy  under  anaesthesia,  but  if  the 
contraction  is  of  long  standing  it  is  well  to  dix-ide  the  contracted  parts  by  open 
incision.  An  incision  is  made  directly  doWTiward  in  the  line  of  the  hmb  from 
the  anterior  superior  spine,  and  the  shortened  muscles  and  fascia  lata  attached 
in  this  neighborhood  are  di^^ded  and  the  wound  is  closed.  So,  also,  at  the  knee, 
if  there  is  much  resistance,  it  is  better  to  cut  the  resistant  tissues  than  to  use 
great  force,  which  might  induce  subluxation  of  the  tibia  or  crush  the  atrophied 
bones.  Tlie  same  method  is  followed  at  the  foot  and  a  long  spica  plaster  band- 
age is  apphed.  If  this  is  not  too  hea\y,  the  patient  may  soon  walk  about  on 
it  and  become  accustomed  to  the  improved  position.  In  a  month  or  more  the 
brace  may  be  apphed.  Massage  and  exercises  are  important  in  the  after- 
treatment. 

The  operations  of  arthrodesis  and  muscle  transplantation  are  described  in 
connection  \A'ith  deformities  of  the  foot.  Elsewhere  they  are  of  comparatively 
little  importance.  Arthrodesis  at  the  knee-joint  is  not  often  employed  because 
the  majority  of  the  patients  prefer  to  wear  a  brace  rather  than  to  be  unable  to 
flex  the  knee  when  sitting.  Again,  the  operation,  performed  as  it  usually  is  in 
childhood,  does  not  assure  the  patient  against  deformity,  as  does  an  excision  in 
adult  hfe.  In  fact,  in  most  instances  support  is  necessary  to  assure  the  patient 
against  flexion  at  the  knee  or  fracture  of  the  atrophied  bones. 

The  operation,  in  its  details,  is  hke  excision,  except  that  only  a  thin  section 
is  removed  from  the  adjoining  bones.  They  are  then  firmly  sutured  to  one 
another  and  a  plaster  bandage  is  apphed.  The  patient  is  encouraged  to  use  the 
hmb  in  walking  as  soon  as  the  sensitiveness  has  subsided. 

Arthrodesis  at  the  hip  rarely  assures  bony  ankylosis,  but  the  security  of 
the  part  is  increased.  The  joint  is  opened  by  the  antero-lateral  incision 
employed  in  the  treatment  of  congenital  dislocation  of  the  hip.  The  head  of 
the  bone  is  exposed  by  outward  rotation  and  extension,  and  the  cartilage  is 
removed.  A  sharp  spoon  is  then  introduced  into  the  acetabulum,  which  is  in 
turn  bared.  The  parts  are  then  replaced  and  the  limb  is  fixed  in  moderate 
abduction  and  extension  by  means  of  a  plaster  spica  bandage.     The  usual 
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result  is  fibrous  ankylosis,  with  a  tendency  to  flexion  and  adduction  deformity. 
Thus  the  part  must  be  supported  by  a  brace  or  other  means  for  a  long  time. 
The  operations,  particularly  at  the  hip,  are  useful  in  selected  cases. 

If  the  quadriceps  extensor  muscle  is  paralyzed  and  the  sartorius  retains 
its  power,  the  latter  may  be  utilized  to  restore,  in  some  degree  at  least,  the 
power  of  extension.  A  long  incision  is  made  on  the  lower  third  of  the  inner 
aspect  of  the  thigh,  somewhat  to  the  inner  side  of  the  patella.  The  sartorius 
is  recognized  as  the  only  muscle  whose  fibres  run  downward  and  inward.  It 
is  divided  just  over  the  joint,  freed  from  its  attachments,  and  at  a  certain 
tension  is  firmly  sewed  with  silk  to  the  tendinous  attachment  of  the  quadri- 
ceps extensor.  The  wound  is  then  closed  and  the  limb  is  supported  in  the 
extended  position  for  several  months.  A  certain  power  of  extension  is  usually 
regained. 

Tendon  Transplantation. — As  has  been  mentioned,  one  of  the  causes  of 
deformity  after  paralysis  is  unbalanced  muscular  action.  A  muscular  group 
which  has  lost  its  antagonist,  stimulated  by  the  necessity  of  carrying  on  func- 
tion, distorts  the  part  on  which  its  force  is  exerted.  In  such  cases  removal  of 
the  deforming  agency  even  may  be  of  advantage,  and  if  at  the  same  time  the 
power  is  transferred  to  a  point  at  which  it  will  counteract  the  tendency  toward 
distortion,  the  patient  may  be  greatly  benefited. 

As  a  rule,  tendon  transplantation  should  be  considered  as  palliative  rather 
than  curative,  for  as  each  muscle  has  its  special  function  its  loss  can  never  be 
perfectly  replaced  by  any  rearrangement  of  the  remaining  power. 

The  first  operation  of  this  character  was  performed  by  Nicoladoni  in  1882, 
who  transplanted  the  two  peronei  muscles  to  the  tendo  Achillis  for  the  relief 
of  paralytic  calcaneus.  Since  then  many  modifications  have  been  introduced. 
Originally,  the  tendon  of  the  active  muscle  was  usually  apposed  to  that  of  the 
paralyzed  one,  or,  if  divided,  it  was  sewed  to  it.  At  the  present  time  the  sug- 
gestion of  Lange  to  remove  the  tendon  of  the  transplanted  muscle  from  its 
former  position  and  to  attach  it  directly  to  the  periosteum  or  to  the  bone  itself 
at  the  point  of  greatest  mechanical  advantage,  is  more  often  followed.  If 
the  tendon  is  too  short  for  this  purpose,  it  may  be  lengthened  to  the  desired 
degree  with  a  strong  silk  cord,  which  in  time  is  replaced  by  fibrous  tissue. 

The  operation  of  tendon  transplantation  should  not  be  performed  until 
the  exact  degree  of  irremediable  paralysis  is  ascertained.  Thus,  preferably,  it 
should  be  deferred  for  several  years  after  the  onset  of  the  paralysis.  Nor  should 
it  be  performed  until  after  all  deformity  has  been  corrected,  so  that  weakened 
muscles  may  have  had  an  opportunity  for  development.  The  most  favorable 
class,  therefore,  is  the  adolescent,  in  which  the  patients  have  received  efficient 
protective  treatment  and  in  which  the  paralysis  is  limited  in  extent.  The  first 
essential  is  a  knowledge  of  the  function  of  the  muscles  that  support  the  foot, 
for  it  is  here  that  the  great  majority  of  operations  are  performed. 
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The  folloXN-ing  table,  modified  slightly  from  that  of  Codivilla,  illustrates  the 
function  of  the  muscles  and  their  relative  importance  in  simple  and  combined 
movements : 


Tibialis  anticus 

Extensor  proprius  hallucis. 
longus  digit orum 

Peroneus  bre\ns 

longus 

Gastrocnemius  and  soleus. 

Tibialis  posticus 

Flexor  longus  hallucis 

"  "      digitorum..  . 


[    Dorsal 

Plantar 

Adduc- 

Abduc- 

Prona- 

flexion. 

flexion. 

tion. 

tion. 

tion. 

1 

3 

2 

3 

3 

6 

2 

2 

3 

1 

1 

1 

2 

4 

1 

2 

3 

o 

4 

Supina- 
tion. 


The  strength  of  a  muscle  may  be  fairly  estimated  by  its  weight,  which,  ac- 
cording to  Fick,  is  indicated  by  the  following  table : 


Grams. 

Tibialis  anticus 49.2 

Extensor  longus  hallucis 12.3 

Extensor  longus  digitorum 18.2 

Peroneus  tertius 3.5 

Gastrocnemius  and  soleus 277.0 


Grams. 

Tibialis  posticus 39.6 

Flexor  longus  hallucis 33.2 

Flexor  longus  digitorum 12.3 

Peroneus  longus 24.0 

Peroneus  bre\'is 16.5 


It  will  be  noted  that  the  weight  of  the  tibiahs  anticus  is  greater  than  that 
of  all  the  others  on  the  front  of  the  foot,  and  that  the  weight  of  the  calf  muscle 
is  considerably  greater  than  that  of  all  the  others  combined. 

Certain  suggestions  may  be  made  as  to  the  operation  of  tendon  transplanta- 
tion, the  details  of  which  are  described  elsewhere.     (Vol.  II.) 

First,  that  it  is  at  best  a  paUiation  rather  than  a  cure. 

Second,  that  a  weak  muscle  cannot  take  on  the  function  of  a  stronger  one  in 
addition  to  its  own ;  therefore  it  should  be  entirely  separated  from  its  former  attach- 
ment and  placed  at  the  point  at  which  it  may  work  at  best  advantage.  On  the 
other  hand,  a  portion  of  a  strong  muscle  may  be  used  to  replace  a  weaker  one. 

Third,  muscles  of  similar  function  work  at  better  advantage  when  trans- 
ferred than  those  whose  function  is  opposed.  An  extensor  on  the  back  of  the 
leg,  for  example,  can  hardly  serve  efficiently  as  a  dorsal  flexor. 

Foiu-th,  whenever  this  is  possible  tendon  transplantation  for  the  rehef  of 
deformity  should  be  supplemented  by  other  procedures — such,  for  example,  as 
are  described  under  Talipes. 


I 


V.  CEREBRAL  PARALYSIS  AND  ITS  DEFORMITIES 

Cerebral  paralysis,  as  compared  with  anterior  poliomyelitis,  is,  from  the 
orthopedic  standpoint,  of  slight  importance.  The  lesion  being  of  the  brain,  the 
distribution  of  the  paralysis  varies.     It  may  be  diplegic,  paraplegic,  or  hemi- 
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plegic.  The  diplegia  and  paraplegic  distributions  usually  indicate  congenital 
defect  or  disease,  and  are  almost  invariably  accompanied  by  mental  impair- 
ment, often  to  an  extreme  degree. 

Hemiplegia  is  more  often  the  result  of  disease  after  birth,  and  the  cerebral 
impairment  is  correspondingly  less. 

As  far  as'  deformity  is  concerned,  there  is  usually  slight  flexion  at  the  hip, 
with  a  tendency  toward  adduction  and  equino-varus  deformity  of  the  foot. 
The  patient,  provided  the  equiUbrium  is  sufficiently  stable  to  permit  locomo- 
tion, walks  about  with  an  awkward,  shuffling  gait.  In  this  affection  the  reflexes 
are  exaggerated  and  the  disability  is  due  to  loss  of  control  rather  than  to  actual 
paralysis.  In  the  early  years  of  life  the  deformities  may  be  overcome  easily 
by  manipulation,  but  later  they  become  fixed  by  retraction  of  the  muscles.  In 
early  life,  therefore,  systematic  manipulation  and  massage,  combined  with  train- 
ing, may  lessen  the  disability  and,  for  a  time,  leg  braces,  which  are  attached  to  a 
'pelvic  band  and  which  hold  the  limbs  in  a  symmetrical  position,  ma}^  be  of  service. 
In  many  instances,  particularly  in  the  older  cases,  multiple  tenotomies  of  the 
contracted  muscles  serve  a  useful  purpose  in  overcoming  deformity  and  lessen- 
ing, by  elongating  the  tendons,  the  exaggerated  muscular  response  to  stim- 
ulation. 

Thus,  in  certain  instances  the  adductors  and  flexors  at  the  hip  and  the  pos- 
terior tendons  at  the  knee  and  ankle  may  be  elongated  with  advantage.  Ten- 
don transplantation  may  be  employed  also  for  the  same  purpose.  In  some 
instances  the  hamstrings  have  been  transferred  to  the  anterior  aspect  of  the 
thigh  and  inserted  by  means  of  silk  tendons  into  the  patella.  The  ultimate 
improvement  in  such  cases  is  due  probably  more  to  the  direct  removal  of  the 
distorting  force  than  to  the  positive  gain  in  the  opposing  group. 

An  operation  of  more  direct  value  is  the  sphtting  of  the  tendon  of  the  tib- 
iaUs  anticus  and  the  attaching  of  the  outer  half  to  the  outer  border  of  the 
foot,  as  described  in  the  section  on  Tahpes. 

It  must  be  borne  in  mind  that  there  is  no  actual  paralysis  of  the  muscles  in 
cerebral  palsy,  but  rather  a  paresis  and  loss  of  control.  On  this  account  one 
must  not  fix  the  parts  for  too  long  a  time  in  the  overcorrected  position,  for  fear 
of  replacing  one  deformity  with  another.  This  applies  particularly  to  the  foot  in 
which  calcaneus  may  take  the  place  of  equinus  after  tenotomy  of  the  tendo 
Achillis  if  the  overcorrection  is  extreme. 

VI.    VARIOUS   DISABILITIES   OF   THE    FOOT. 

The  Weak  Foot;  Fiat-Foot;  Splay-Foot.— By  far  the  most  important  of  all 
the  disabilities  of  the  foot  is  the  so-called  flat-foot,  a  popular  but  misleading 
term;  misleading  because  it  calls  attention  to  an  effect  rather  than  to  a  cause. 
For  in  a  very  large  proportion  of  the  cases  the  lowering  of  the  arch  is  simply 
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the  result  of  habitual  posture,  the  normal  elevation  l^eing  restored  when  the 
proper  attitude  is  assumed.     (Figs.  632,  633.) 

The  foot,  when  properly  used,  is  under  direct  control  of  the  muscles,  and  the 
attitudes  assumed  are  those  which  are  adapted  to  the  work  that  is  required  of 
it.  Thus  the  attitudes  of  activity  are  opposed  to  those  of  rest,  and  it  is  this 
alternation  of  postures  that  protects  the  foot  from  overstrain. 

In  shoe-wearing  people,  however,  the  foot  is  often  habitually  used  as  if  its 
only  function  were  to  support  weight.     To  illustrate:  when  the  foot  is  turned 


Tig.  632.  liG.  G33. 

Fig.  632. — Illustrates  Voluntary  Protection  of  the  Foot  from  Overstrain.  (Compare 
with  Fig.  633.) 

Fig.  633. — A  Xormal  Foot  Placed  in  the  Attitude  of  Abduction,  Illustrating  the  Simulation 
of    Weak    or    Flat-foot.     (See  Fig.  632.) 


inward  on  the  leg  (adducted),  it  will  be  noted  that  its  inner  border  is  concave, 
the  arch  is  increased  in  depth,  and  the  sole  is  inverted.  AMien  it  is  turned 
outward  (abducted),  the  sole  is  everted  and  the  internal  contour  is  convex.  In 
the  normal  attitude  of  activitj^ — for  example,  in  walking — the  strain  represented 
by  a  hne  dra\Mi  through  the  centre  of  the  leg  should  pass  over  the  second  toe, 
practically  the  centre  of  the  foot.  Thus,  falUng  momentarily  on  the  heel,  the  strain 
is  transmitted  along  the  outer  border  of  the  foot  to  the  front.  As  the  body 
is  lifted  by  the  calf  muscle  the  weight  is  directed  outward  because  the  hne  of 
the  metatarso-phalangeal  joints  or  fulcrum  is  obhque — the  outer  the  short,  the 
inner  the  long,  side.     (Fig.  634,  a.)     This  presupposes  the  proper  attitude  in 
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walking,  in  which  there  is  but  very  slight  turning  outward  of  the  toes,  and  in 
which  there  is  a  "spring"  in  the  gait. 

In  the  passive  attitude,  on  the  other  hand,  the  feet  are  turned  outward  to 
assure  a  wide  base  of  support.  There  is,  in  great  degree,  muscular  relaxation. 
The  feet  are  in  what  is  known  as  the  attitude  of  rest,  in  which  the  weight  is 
supported  principally  by  the  ligaments.  If  the  weight  is  supported  on  one 
limb,  as  when  the  individual  stands  at  ease,  the  foot  is  abducted  or  everted 
in  its  relation  to  the  leg,  the  weight  is  thrown  on  its  inner  side,  and  the  line  of 
strain  falls  inside  the  great  toe.  This  attitude,  proper  when  the  foot  is  at  rest, 
is  manifestly  abnormal  when  active  work  is  required  of  it,  and  yet  the  habit- 
ual assumption  of  an  approximation  to  this  posture  is  very  common  in  other- 


FiG.  634. — Shows  Normal  and  Abnormal  Attitudes  in  Walking,  a,  The  proper  attitude  in  activ- 
ity, illustrating  the  adduction  of  the  fore-foot  when  the  body  is  lifted— the  "springy  gait";  h,  the 
improper  attitude  of  outward  rotation  of  the  limbs — the  "heel  walk." 


wise  normal  individuals.  (Fig.  634,  6.)  Indeed,  exaggerated  outward  rotation 
of  the  limbs  is  often  enforced  on  children  by  parents  and  teachers,  because  it 
is  thought  to  be  a  graceful  attitude  rather  than  one  which  necessitates  an  awk- 
ward gait  and  which  predisposes  to  disabihty.  Outward  rotation  of  the  limb, 
a  movement  taking  place  at  the  hip  joint,  must  not  be  confounded  with  ab- 
duction of  the  foot,  in  which  the  movement  is  made  at  the  joints  in  front  of 
and  below  the  astragalus.  Outward  rotation  predisposes  to  abduction,  and  per- 
sistent abduction  may  be  readily  exaggerated  to  deformity. 

This  passive  posture  may  be  called  the  attitude  of  weakness,  and  flat-foot, 
which  is  simply  an  exaggeration  of  this  attitude,  may  properly  be  called  the 
weak  foot.     (Fig.  635.) 

It  is  evident  that  weight  habitually  borne  on  the  inner  side  of  the  foot  must 
tend  to  break  down  the  arch,  and,  in  a  large  proportion  of  the  cases  acquired 


I 


I 


DEFORMITIES  OF  THE  LOWER   EXTREMITIES.  875 

in  adult  life,  whatever  actual  flatness  is  present  was  gradually  acquired,  in- 
duced by  this  habitual  malposition. 

^  On  the  other  hand,  there  is  a  type  of  foot  which  is  actually  flat,  as  shown 
by  the  imprint  of  the  sole.  In  this  class  the  heel  projects,  and  the  bulging  of 
the  inner  border  is  less  noticeable  than  in  the  other  class.  A  low  arch  of  this 
type  may  be  an  inherited  peculiarity,  possibh'  a  racial  chai-acteristic,  in  which 
case  there  is  no  discomfort.,'^  In  most  in- 
stances, however,  it  is  due  to  weakness  and 
laxity  of  the  tissues  in  early  childhood,  a 
notable  cause  being  rhachitis. 

As  has  been  stated,  it  is  the  process  of 
breaking  down  that  causes  the  disabling 
symptoms.  If,  then,  the  foot  has  always 
been  flat,  as  in  the  cases  mentioned,  and  if 
the  component  parts  have  become  adapted 
to  the  deformity  during  development,  the 
only  symptoms  may  be  the  deformity  and 
the  awkward  gait  that  usually  accompanies         fig.    635.— T\-picai    Weak    Feet    of 

it;  whereas  the   process   of   deforming  a  nor-        Moderate    Degree,  illustrating    the  Com- 

.  ponent  Elements  of  Abduction  and  De- 

mal  foot   nmst  of  necessity  be  long  and      pression  of  the  Arch, 
painful. 

The  weak  or  flat  foot  has  been  defined  as  one  in  which  there  is  an  abnor- 
mal persistence  or  exaggeration  of  the  passive  attitude  of  abduction.  (Fig. 
636.)  The  most  noticeable  pecuUarity  of  such  a  foot  is  the  bulging  of  the 
inner  border  due  to  the  inward  rotation  of  the  astragalus,  which  has  turned 
downward  and  inward  upon  the  os  calcis.  This  supporting  bone  is  also  rotated 
slightly  in  the  same  direction  and  tilted  so  that  its  upi^er  surface  presents  an 
inclined  plane  to  favor  the  further  displacement  of  the  astragalus,  the  front 
of  the  foot  being  inclined  outward.  Tlie  astragalus  supports  the  leg,  which  is 
therefore  rotated  inward,  so  that  the  line  of  strain  now  passes  inside  the  great 
toe,  and  the  weight  of  the  body  is  supported  almost  entirely  on  the  inner  border 
of  the  foot,  as  is  illustrated  by  the  wear  on  the  sole  of  the  shoe.  (Figs.  637 
and  638.) 

Etiology, — The  weak  foot  is,  in  the  great  majority  of  cases,  the  result  of 
the  disproportion  between  the  strength  of  the  supporting  structure  and  the 
weight  and  strain  that  it  is  called  upon  to  sustain.  For  example,  the  foot  may 
be  congenitahy  weak  or  deformed.  Its  weakness  may  be  the  result  of  rha- 
chitis or  other  form  of  malnutrition  in  childhood.  It  may  be  weakened  directly 
or  indirectly  by  various  diseases  or  by  injury;  and,  as  has  been  stated,  it  is 
almost  always  weakened  by  improper  and  ill-fitting  shoes. 

On  the  other  hand,  it  may  be  overburdened  by  an  increase  of  body  weight 
or  by  laborious  occupation,  or  the  muscles  and  other  tissues  may  be  temporarily 


876 


AMERICAN  PRACTICE   OF  SURGERY. 


weakened  as  the  result  of  illness.  In  a  great  proportion  of  the  cases,  however,  the 
strength  of  the  foot  would  be  quite  sufficient  for  the  work  required  of  it,  were 
it  not  that  it  is  placed  at  a  disadvantage  by  the  habitual  and  unnecessary 
assumption  of  the  passive  attitude  in  the  place  of  normal  alternation  of  posture. 
The  foot,  in  spite  of  maltreatment,  usually  remains  efficient;  thus  it  is 
that  a  special  exciting  cause — for  example,  laborious  occupation — is  so 
noticeable  in  hospital  practice,  a  relatively  large  proportion  of  the  male  pa- 
tients being   bartenders,  waiters,  and   others  of    the   class  who   stand  much 


Fig.  636. — Weak  Feet,  Illustrating  Abduction  and  tiie  Attendant  Depression  of  the  Arch. 


of  the  time.  It  is  apparent,  therefore,  that  the  statistics  of  this  class 
do  not  adequately  represent  the  subject,  especially  so  since  it  is  discomfort 
and  disability  rather  than  awkwardness  and  deformity  that  account  for  the 
visit  of  the  patient. 

For  example,  883  new  patients — comprising  nearly  twenty  per  cent  of  the 
strictly  orthopedic  cases — applied  for  treatment  of  this  affection,  in  1904,  at  the 
Hospital  for  Ruptured  and  Crippled;  467  of  these  were  males;  580  were 
more  than  twenty-one  j'^ears  of  age  and  but  119  were  less  than  fourteen  years. 
And  yet  it  may  be  assumed  that  the  weak-foot  is  very  common  in  childhood, 
although  the  symptoms  of  discomfort  do  not  appear  until  adolescent  or  early 
adult  life,  a  period  when  the  strain  is  greatest.     When  they  are  delayed  until 
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middle  life,  there  is  usually  a  predisposing  cause,  either  general  or  local.  Tlie 
affection  is  usually  bilateral,  although  it  often  begins  in  one  foot,  appearing 
later  in  the  other  after  the  patient  has  for  a  time  favored  the  weaker  one. 

Symptoms. — The  symptoms  of  weak  or  flat  foot,  which  in  its  inception  is 
an  abnormal  persistence  of  the  passive  attitude,  in  which  the  limb  has  a  tend- 
ency to  become  displaced  toward  the  inner  side  of  the  foot,  are  incidental  to 
this  displacement.  They  are  therefore  usually  more  marked  and  disabling 
during  the  breaking  down  of  a  well-formed  foot  than  in  one  in  which  the  arch 
was  originally  low,  since  it  may  be  assumed  that  a  quiescent  stage  is  reached 
when  further  displacement  is  impossible.  This  final  stability  in  the  well- 
formed  foot  would  impl}'  great  lateral  deformity  and  practically  complete  dis- 
organization of  the  normal  relations,  while  in  the  other  instance  it  might  mean 
nothing  more  than  a  slight  increase  of  the  habitual  malposition.     This  ex- 
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Fig.  637.— The  Normal  Relation  of  the  Astragalus  to  the  Os  Caleis.     (See  Fig.  642.) 

Fig.  638. — The  Normal  Relation  of  the  Astragalus  to  the  Os  Caleis  in  Confirmed  Weak  Foot. 

plains  the  fact  that  the  symptoms  bear  no  particular  relation  to  the  degree  of 
deformity,  but  are  dependent  upon  the  strain  and  injury  to  which  the  weak- 
ened foot  is  subjected.  For  example,  in  ordinary  cases,  there  are  sensations 
of  weakness  and  discomfort  referred  to  the  inner  side  of  the  ankle  and  foot, 
often  pain  or  sensitiveness  in  the  heel  in  the  neighborhood  of  the  great  toe  or 
below  the  external  malleolus  and  about  the  dorsum  of  the  foot.  As  the  affec- 
tion progresses,  the  symptoms  become  more  acute  and  are  accompanied  by 
muscular  spasm.  The  patient  then  notices  stiffness  whenever  he  resumes 
activity  after  rest.  Thus,  on  rising  from  a  chair  he  limps  or  staggers  until 
furtlier  use  forces  the  bones  back  into  their  habitual  position.  Cramps  in  the 
calves  and  pain  about  the  knees  or  in  the  back  are  not  unusual  accompani- 
ments,«especially  in  females. 

In  cases  of  long  duration,  particularly  of  the  rigid  type  of  deformity,  there 
are  other  symptoms  of  inacti\ity;  for  example,  passive  congestion,  excessive 
perspiration,  varicose  veins,  and  atrophy  of  the  muscles.  The  internal  changes 
are  those  of  accommodation  to  the  deformity:  thus,  adaptive  shortening  and 
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and  in  the  shape  of  the  bones,  varying  with  the  degree  and  duration  of  the  dis- 
ability. In  the  ordinary  type  of  weak-foot  these  organic  changes  are  sHght. 
In  cases  of  long  standing,  on  the  other  hand,  there  may  be  practical  disorgan- 
ization of  the  joints. 

Diagnosis.— In  general  it  may  be  stated  that  pain  in  the  foot  in  the  situa- 
tions mentioned,  increased  by  use  and  relieved  by  rest,  is  sufficiently  diagnostic 
of  local  w^eakness,  as  contrasted  with  rheumatism  or  gout,  for  which  it  is  so 
often  mistaken.  It  is,  of  course,  evident  that  these  affections  may  induce  weak- 
foot,  or  complicate  it,  but  in  the  majority  of  cases  the  disabihty  is  purely  local. 


Fig.  639. — Weak  Feet  in  Childhood,  Showing  the  SHght  Characteristic  Bulging  on    the  Inner 
Border,  the  Earliest  Indication  of  Weakness.     (Compare  with  Fig.  640.) 


As  the  symptoms  depend  upon  the  strain  and  injury  that  the  weakened 
foot  sustains,  they  are  lessened  or  are  relieved  by  rest  or  by  a  change  of  occu- 
pation. Thus,  in  ordinary  cases  of  the  disability  there  are  periods  of  comfort 
or  remission  alternating  with  those  of  discomfort.v,  Usually  there  is  an  in- 
stinctive adaptation  of  the  habits  to  the  weakness — an  adaptation  that  re- 
stores, as  it  were,  the  equilibrium,  so  that  the  patient  is,  under  ordinary  con- 
ditions, comparatively  comfortable. 

As  has  been  stated,  the  disability  is  not  proportional  to  the  degree  of 
deformity.     Thus,  in  childhood,  when  the  weight  and  strain  are  slight,  awk- 


J 


DEFORMITIES  OF  THE  LO^^'ER  EXTREMITIES. 


879 


wardness  and  distortion  are  the  principal  symptoms,  while  in  adult  life  dis- 
comfort and  pain  are  of  far  gi-eater  importance. 

From  the  natm-e  of  the  affection,  then,  it  would  appear  that  the  earhest 
symptom  should  be  an  awkward  walk,  for,  as  the  feet  are  habitually  abducted, 
the  power  of  the  calf  muscle  is  displaced  inward  in  its  relation  to  the  fulcrum, 
and  the  gait  is  heavy  and  inelastic — a  "heel  walk,"  The  shghtly  bulging  inner 
border  of  the  foot  and  the  signs  of  wear  on  the  inner  border  of  the  shoe  have 
been  mentioned  already.     (Fig.  640.) 

The  next  step  in  the  progress  of  deformity  is  hmitation  of  normal  motion. 
For  example,  when  the  passive  attitude  has  persisted  for  some  time,  the  abihty 
voluntarily  to  adduct  the  foot  is  lessened,  and,  when  the  muscles  have  become 
adapted  to  the  habitual  posture,  the  range  of  passive  motion  is  lessened  also. 


Fig.  640. — ^Weak  Feet  in  Childhood.     The  shoes  indicate  the  habitual  attitude. 

In  this  class  of  cases,  of  progressive  and  painful  deformity,  muscular  spasm  is 
present  in  a  degree  corresponding  to  the  acuteness  of  the  symptoms — a  spasm 
which  prevents  movement,  causing  the  stiffness  of  which  the  patient  com- 
plains. It  may  be  noted  here  that  although  turning  of  the  feet  outward  is  one 
of  the  commonest  causes  and  accompaniments  of  the  weak-foot  in  adult  hfe, 
intoeing,  on  the  other  hand,  is  the  common  position  in  early  childhood.  At 
this  period  of  Ufe,  nature's  remedies  and  compensations  are  oftenest  apparent, 
and  the  intoeing  is  the  natural  remedy  both  for  weak-foot  and  for  knock-knee. 
It  is  this  symptom  that  usually  first  calls  the  mother's  attention  to  the  under- 
IjTng  deformity. 

There  are  several  types  of  the  weak-foot.  In  childhood  the  deformity  is 
very  often  the  direct  result  of  general  weakness — for  example,  rhachitis.  The 
muscles  and  hgaments  are  relaxed,  and  the  entire  sole  of  the  foot  often  rests 
upon  the  floor.  Such  a  foot  is  properly  called  flat.  Another  tjT^e  common 
in  older  children  is  the  so-called  weak  ankle,  in  which  the  arch  is  but  little 
depressed,  but  is  in  a  position  of  valgus  when  weight  is  borne,  so  that  the  malle- 
oli interfere,  and  the  shoe  is  worn  away  at  this  point. 
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Fig.  641. — Adduction  of  the 
Fore-foot  Combined  witli  Val- 
gus; an  Uncominon.  Type. 


In  older  subjects,  there  is  every  variety  of  tj'pe  from  discomfort  without 
deformity  to  extreme  deformity  without  discomfort.  In  one  the  pain,  prin- 
cipally of  the  nature  of  tixe  and  strain,  is  due  to  the 
assumption  of  improper  postures.  And  in  the  early 
stage  there  may  be,  practically  speaking,  no  deform- 
ity, and  but  slight  hmitation  of  the  power  to  invert 
the  foot.  At  the  other  extreme  of  this  type,  in  which 
the  arch  is  of  normal  depth,  the  foot  may  be  held 
in  a  position  of  fixed  abduction.  This  deformity, 
which  is  usually  the  result  of  injury,  is  often  classed 
as  "chronic  sprain."  In  another  class  of  cases  the 
arch  is  completely  broken  down,  so  that  the  entire 
sole  is  in  contact  with  the  ground.  This  type,  the 
typical  flat-foot,  has  usually  persisted  since  childhood. 
Between  these  extremes  one  finds  every  grade  of 
deformity  and  disability;  the  disabihty,  as  has 
-np     been   stated,  being  dependent    rather   upon   strain 

and    injury   than  on   the 
degree  of  deformity. 

Treatment. — As  the 
so-called  flat-foot  is,  in  most  instances,  an  acquired 
disability,  prevention  is  of  the  first  importance. 
This  must  include  proper  shoes,  so  fashioned  as 
not  to  deform  the  foot  or  to  cramp  the  toes  or  to 
weaken  the  muscles,  and  the  avoidance  of  atti- 
tudes that  favor  deformity.  For  example,  the 
feet  should  be  nearly  parallel  in  walking,  and  a 
certain  spring  or  leverage  by  active  use  of  the  calf 
muscles  should  be  cultivated.  One  should  avoid 
also  long  persistence  in  the  passive  attitude,  even 
though  it  is  proper  for  the  work  required.  For 
instance,  if  the  individual  must  stand  for  long 
periods  he  should  relieve  the  continual  strain  by 
occasionally  raising  the  body  on  the  toes  or  l\v 
throwing  the  weight  toward  the  outer  border  of 
the  foot.  This,  of  course,  applies  to  the  treatment 
of  the  mild  cases  of  weak-foot.  In  addition,  the 
inner  border  of  the  heel  and  sole  of  the  slioe  should 
be  made  thicker  (about  one-quarter  of  an  inch)  and, 
as  it  were;  wedge-shaped,  so  that  the  weight  may  be 
inclined  toward  the  outer  or  stronger  side  of  the 
foot.     (Fig.  643.)     The  patient  should  assume  tlie 


Fig.  642.— The  Proper  Rela- 
tion of  the  Sole  of  the  Shoe  to 
the  Shape  of  the  Foot.  A,  Out- 
line of  the  sole;  /?,  outline  of 
the  foot ;  C,  imprint  of  the  foot. 
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attitudes  opposed  to  deformity;  thus,  for  example,  in  sitting  the  feet  may  l^e 
crossed  so  that  the  weight  resting  on  the  outer  borders  may  enforce  the  position 
of  adduction. 

The  patient  should  also  strengthen  the  adductors  by  voluntarily  turning  the 
feet  inward  over  and  over  again  to  the  varus  attitude.  (Fig.  672.)  Tlie  most  effec- 
tive exercise  is  the  following :  the  patient  stands  erect  and  turns  the  feet  inward 
— the  pigeon-toe  attitude.  He  then  raises  the  body  slowly  on  the  toes  as  far  as 
possible,  then  slowly  sinks  downward,  at  the  same  time  rolling  the  feet  into 


I 


Fig.  643.— The  Internal  Border  of  the  Shoe  Thickened  According  to  Tliomas'  ilethod.  If  braces 
are  worn  only  the  inner  border  of  the  heel  and  the  inner  border  of  the  bearing  surface  of  the  sole  are 
thickened. 


the  attitude  of  extreme  varus.     This  exercise,  which  is  somewhat  difficult,* 
should  l^e  carried  to  the  point  of  fatigue  twice  daily. 

If  the  patient  is  unable  by  voluntary  effort  to  restrain  deformity,  a  brace 
for  temporary  or  permanent  use  is  indicated.  Such  a  brace  should  be  designed 
actually  to  restrain  deformity,  as  contrasted  "W"ith  the  sole  plates  that  are  usu- 
ally applied  and  that  have  little  influence  on  the  lateral  distortion;  and,  as  an 
accurate  fit  is  essential,  a  plaster  cast  of  the  foot  should  l^e  taken  in  the  follow- 
ing manner:  Seat  the  patient  in  a  chair:  in  front  of  him  place  another  chair 
of  equal  height;  on  it  lay  a  thick  pad  of  cotton  batting  and  cover  it  with  a 
square  of  cotton  cloth.  Put  about  a  quart  of  cold  water  into  a  basin  and 
sprinkle  plaster  of  Paris  on  the  surface  until  it  does  not  readily  sink  to  the 
bottom,  then  stir.  TMien  the  mixture  is  of  the  consistence  of  very  thick  cream 
pour  it  upon  the  cloth.  The  patient's  knee  is  then  flexed  and  the  outer  side 
of  the  foot,  pre\'iously  smeared  lightly  ^\ith  vasehne,  is  allowed  to  sink  into 
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Fig.  644. — A  Cast  Marked  for  the  Mechanic. 
The  depth  of  the  arch  is  not  shown  in  the  repro- 
duction of  the  photograph. 


the  plaster,  and,  the  borders  of  the  cloth  being  raised,  the  plaster  is  pressed 
against  the  foot  until  rather  more  than  half  of  it  is  covered. 

The  foot  should  be  at  a  right  angle  with  the  leg,  and  the  sole  should  be  in 
the  plane  perpendicular  to  the  seat 
of  the  chair.  As  soon  as  the  plaster 
is  hard  its  'upper  surface  is  coated 
with  vaseline,  and  the  remainder  of 
the  foot  is  covered  with  plaster. 
The  two  halves  are  then  removed, 
dusted  with  talcum  powder  and 
bandaged  together,  and  then  filled 
with  plaster  cream.  In  a  few  mo- 
ments the  plaster  shell  may  be  re- 
moved, and  one  has  a  reproduction 
of-  the  foot,  which,  when    properly 

made,  should  stand  upright  without  inclination  to  one  side  or  the  other.  (Figs. 
644  and  645.)  The  advantage  in  making  the  cast  in  the  manner  described  is 
that,  as  the  weight  is  supported  on  its  outer  border,  the  foot  is  placed  in  the 
proper  attitude  of  slight  adduction. 

In  most  instances  it  will  be  of  advantage  to  deepen,  in  the  plaster  model, 
the  inner  and  outer  segments  of  the  arch,  in  order  that  the  arch  of  the  brace 
may  be  slightly  exaggerated,  especially  at  the  heel,  and  that  thus  the  depression  of 
the  anterior  extremity  of  the  os  calcis  may  be  prevented.     Upon  the  model  the 

outhne  of  the  brace  is  drawn  as  illustrated  in 
the  diagram.  The  best  sheet  steel,  18  to  20 
gauge,  cut  after  the  pattern,  is  moulded  upon  it 
and  tempered,  so  that,  as  it  is  applied  for 
the  purpose  of  preventing  deformity,  it  may 
]}e  practically  unyielding  to  the  weight  of  the 
body.  It  may  be  nickel-  or  tin-plated,  or  cov- 
ered with  leather,  according  to  the  quahty  of  the 
patient. 

It  will  be  noted  that  this  brace  depends  for  its 
action  primarily  upon  lateral  support.  For,  as  the 
deformity  is  lateral  in  the  sense  that  its  first  indi- 
cation is  a  projection  caused  by  the  head  of  the 
astragalus  at  the  inner  border  of  the  foot,  it  should 
be  apparent  that  the  control  of  this  lateral  deform- 
ity is  the  first  essential  for  the  proper  brace.  It 
is  the  absence  of  lateral  support  that  explains  the  inefficiency  of  the  braces 
in  common  use.     (Figs.  646  and  647.) 

As  this  support  fits  the  foot  closely  it  must  be  carefully  adjusted  to  make  it 


Fk;.  G45.— The  Outhne  of  the 
Sole  Part  of  the  Brace.  (Whit- 
man's "  Orthopedic  Surgery."  ) 


DEFORMITIES  OF  THE  LOWER  EXTREMITIES. 


883 


comfortable.  The  patient  is  therefore  instructed  to  use  it  for  a  short  time  only 
and  then  to  return,  so  that  pressure  may  be  removed  by  bending  the  margins 
of  the  plate  slightly  outward  where  the  marks  on  the  foot  mdicate  it.  If,  on 
the  other  hand,  the  brace  projects  so  that  its  presence  in  the  shoe  may  be 
detected,  its  margins  may  be  turned  inward  to  the  proper  degree.  A  well- 
fitting  shoe,  the  heel  and  inner  border  of  the  sole  ha^dng  been  thickened  shghtly, 
should  always  be  used  in  order  to  aid  the  action  of  the  brace. 

The  patient,  instructed  to  walk  with  the  feet  parallel,  bears  the  weight  on 
the  outer  border  of  the  foot.     This  presses  down  the  outer  border  of  the  brace 
and  lifts  it  slightly  beneath  the  arch.     This  suggestive  pressure  is  important 
because  it  is  increased  whenever  the  foot  is  placed 
in  the  improper  attitude  of  outward  rotation, 
and  thus  it  becomes  a  positive  aid  in  functional 
cure  by  preventing  the  improper  posture.     The 
exercises  that  have  been  described  are  an  essen- 
tial part  of  the  treatment ;  for,  when  the  muscles 
have  become  stronger  and  normal  attitudes  havQ 
become  habitual,  the  brace  in  many  instances  may 


Fig.  646. — The  External  Flange.  B, 
The  calcaneo-cuboid  articulation.  The 
flange  is  often  extended  farther  back  than 
is  shown  in  the  diagram.     (See  Fig.  649.) 


Fig.  647. — The  "Whitman  Brace.  Illustrating  Lat- 
eral Support,  A,  B,  in  Addition  to  Direct  Support, 
C,  D.  Lateral  support,  which  cheeks  abduction,  is 
the  more  important.  A,  The  astragalo-navicular 
articulation;  B,  the  calcaneo-cuboid  articulation; 
C,  the  metatarso-phalangeal  joint;  D,  the  bearing 
surface  of  the  heel. 


be  discarded.  In  cases  of  this  class  it  is  worn  usually  for  a  period  of  about 
six  months,  but  in  chronic  cases  in  adults  brace  treatment  may  be  contmued 
indefinitely,  although,  as  has  been  stated,  when  pain  is  relieved  treatment  is 
usually  discontinued  by  the  patient.  Under  the  use  of  braces  combined  with 
the  exercises  there  is  generally  improvement  in  the  shape  of  the  foot,  and  in 
the  treatment  of  the  better  class  of  patients  it  is  of  advantage  to  make  a  second 
cast  after  several  months.  It  is  apparent  that  a  brace  of  this  description  re- 
quires a  certain  degree  of  care  and  skill  both  in  its  preparation  and  in  its  use  as 
contrasted  with  sole-plates  which  are  essentially  merely  metal  inner  soles.  A 
cast  of  the  sole  of  the  foot  is  made,  the  arch  being  deepened  if  it  is  thought 
desirable,  and  the  outline  of  the  brace  is  dra\Mi  on  it ;  the  inner  border  is 
curved  upward  to  pass  just  beneath  the  lower  part  of  the  scaphoid  bone.     This 
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t3'pe  of  brace,  now  for  sale  at  most  shoe-shops,  is  so  familiar  that  further 
description  is  unnecessary.  It  is  ineffective  in  the  sense  that  it  does  not  control 
the  lateral  deformity  and  is  thus  a  simple  negative  support. 

In  many  cases  of  the  more  severe  type  even  passive  motion  of  the  foot  is 
resisted  and. painful.  This  resistance  is  due  in  great  degree  to  muscular  spasm, 
but,  if  the  deformity  is  of  long  duration,  secondary  accommodative  contractions 
of  the  muscles  and  other  tissues,  and  changes  in  the  articulating  surfaces  of  the 
bones,  may  be  additional  complications.  If  the  pain  is  acute,  there  is  usually 
an  accompanying  infiltration  about  the  medio-tarsal  and  ankle  joints.  In 
such  cases  rest  combined  with  massage,  hot  water,  hot  air,  and  the  like 
may  be  indicated.  In  the  ordinary  type,  however,  the  resistance  may  be  over- 
come gradually  in  the  following  manner:  The  foot  is  passively  adducted  as  far 
as  the  contraction  permits,  and,  while  it  is  supported  in  this  attitude,  a  long,  wide 


Fig.  648. 


-Illustrates  Forcible  Correction  of  the  Deformed  Foot. 
B,  internal  malleolus;  C,  medio-tarsal  joint. 


A,  Scaphoid  bone; 


band  of  adhesive  plaster  is  passed  about  the  foot.  One  end  is  attached  just 
below  the  external  malleolus  and  it  is  then  drawn  beneath  the  arch  and  up  the 
inner  side  of  the  leg  to  the  knee,  with  all  the  tension  possible,  and  is  further 
supported  by  straps  about  the  instep,  ankle,  and  calf,  and  is  then  covered  by 
a  well-fitting  bandage,  the  object  being  to  hold  the  foot  in  slight  adduction  and 
to  support  the  sensitive  part.  This  dressing  is  renewed  at  intervals  until  the 
foot  can  be  adducted  to  the  normal  limit. 

If  the  foot  is  rigid  and  if  the  manipulation  causes  much  pain,  the  best  treat- 
ment is  to  overcome  the  deformity  entirely  at  one  sitting  and  to  fix  the  foot 
for  a  time  in  the  overcorrected  position. 

The  patient  having  been  anaesthetized,  all  adhesions  and  contractions  that 
resist  motion  in  any  direction  are  then  overcome;  considerable  and  persistent^ 
force,  applied  by  the  "pump-handle"  method  of  alternate  pressure  and  relaxa^ 
tion,  being  necessary.  The  foot  is  then  extended,  adducted,  and  finally  in  the 
position  of  varus  it  is  forced  up  if  possible  to  a  right  angle  with  the  leg.  Ir 
other  words,  the  deformity  is  overcorrected.     It  is  then  covered  with  a  thicl 
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layer  of  cotton  batting,  and  a  plaster-of-Paris  bandage  that  extends 
nearly  to  the  knee  is  applied.  In  some  instances  the  tendo  Achillis  must  be 
di\'ided  and  occasionally  also  the  peronei,  to  permit  the  desired  position.  As 
soon  as  possible,  the  patient  is  encouraged  to  walk  about,  as  the  weight  of 
the  body  falling  on  the  outer  border  of  the  foot  and  functional  use  aid  in 
correction. 

At  the  end  of  from  two  to  four  weeks,  provided  tenotomy  has  not  been  re- 
quired, the  support  may  be  discarded,  but  several  times  a  day  the  foot  should 


Fig.  649. — "Twisting  the  Foot."     Forcible  manual  adduction,  a  manipulation  essential 
when  muscular  spasm  is  present. 


be  forcibly  turned  inward  to  the  limit  reached  under  anaesthesia,  otherwise  the 
deformity  will  inevitabh'  recur.  Massage,  prolonged  soaking  in  hot  water, 
rest,  and  the  like  are  of  course  indicated,  or,  in  default  of  these,  the  plaster 
strapping  should  be  applied. 

The  daily  forcible  methodical  manipulation  to  the  limit  of  adduction,  how- 
ever, is  the  one  indispensable  part  of  the  treatment.  WTien  the  foot  has  become 
fairly  flexible  the  brace  is  appUed,  and  the  treatment  is  then  conducted  in  the 
manner  described. 

Various  cutting  operations  have  been  devised  for  the  cure  of  flat-foot,  but 
they  are  of  little  value.    In  cases  of  extreme  deformity  of  long  standing,  in  which 


886  AMERICAN  PRACTICE  OF  SURGERY. 

permanent  changes  have  taken  place  in  the  joints,  a  modification  of  the  Ogston 
operation  may  be  of  value  in  improving  the  shape  of  the  foot.  Under  the  Es- 
march  bandage  an  incision  is  made  do\Mi  and  toward  the  sole  from  a  point 
about  one  inch  in  front  of  the  internal  malleolus.  This  exposes  the  medio- 
tarsal  joint.  With  a  chisel  a  wedge  is  removed,  its  base  about  three-quarters 
of  an  inch  in  width,  including  parts  of  the  astragalus,  and  the  foot  is  then  forced 
inward  so  that  the  wedge-shaped  gap  is  closed,  the  wound  is  sutured,  and  a 
plaster  bandage  is  applied.    A  brace  should  be  applied  when  union  has  taken  place. 

It  may  be  mentioned  in  conclusion  that,  although  the  symptoms  of  the 
weak-foot  are  often  mistaken  for  rheumatism  and  the  like,  yet  the  two  affec- 
tions may  coexist  or  the  deformity  may  be  the  result  of  the  general  disease. 
In  such  cases  local  support  is  indicated  whenever  discomfort  is  caused  by  use, 
but  it  must,  of  course,  be  supplemented  by  appropriate  internal  remedies  and 
by  hygienic  treatment. 

Weakness  and  Depression  of  the  Metatarsal  Arch;  Anterior  Metatarsalgia 
and  "  Morton's  Toe."  —The  metatarso-phalangeal  region  of  the  foot  forms,  when 
weight  is  not  borne,  a  slight  arch,  highest  at  the  second  joint.  As  an  effect,  in 
most  instances,  of  shoe-wearing,  the  toes  being  held  in  a  cramped  position, 
this  arch  is  permanently  depressed,  the  front  of  the  sole  of  the  foot  having  a 
convex  or  rounded  contour. 

Thus  the  weight  is  borne  entirely  on  the  metatarso-phalangeal  joints,  the 
dorsiflexed  toes  having  lost  their  function  as  accessory  supports.  The  most 
conmion  and  direct  effect  of  the  abnormal  pressure  is  a  painful  callus  that 
forms  beneath  the  heads  of  the  second  and  third  joints,  but  an  indirect  symp- 
tom of  the  deformity  or  weakness  is  neuralgic  pain  referred  to  this  region; 
hence  the  name  anterior  metatarsalgia. 

As  regarcs  the  deformity,  it  should  be  stated  that  its  degree  has  no  par- 
ticular relation  to  the  pain  and  discomfort.  In  one  instance  the  toes  may  be  fixed 
in  dorsiflexion  and  the  arch  rigidly  depressed ;  in  another  case  there  is  a  general 
relaxation  of  all  the  tissues,  so  that  the  front  of  the  foot  may  appear  abnormally 
broad  when  weight  is  borne ;  while  in  a  third  the  foot  may  appear  to  be  almost 
normal,  and  yet  the  disability  is  much  greater  than  in  the  preceding  types. 

Morton's  Painful  Toe. — The  most  common  and  characteristic  variety  of 
anterior  metatarsalgia  is  that  first  described  by  Morton,  of  Philadelphia,  in 
which  pain  is  referred  to  the  fourth  toe.  This  is  usually  sharp  and  cramp-like, 
most  marked  in  the  interval  between  the  third  and  fourth  joints,  and  radiating  to 
the  end  of  the  toe.  It  is  often  preceded  by  a  pricking  sensation  beneath  the 
toe,  by  burning  or  numbness,  and  occasionally  by  a  sensation  as  if  the  joint 
were  displaced.  It  begins  usually  as  a  burning  or  numbing  pain,  sometimes 
most  severe  in  the  end  of  the  toe,  that  increases  in  severity  unless  it  is  re- 
lieved by  removing  the  shoe.  If  it  is  severe  it  is  sometimes  followed  by  redness 
and  swelling  about  the  affected  articulation  and  it  may  radiate  up  the  leg. 
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The  pain  in  the  majority  of  cases,  although  according  to  the  patients  it  has 
a  variety  of  predisposing  causes,  is  induced  directly  by  the  shoe,  and  it  is 
the  imperative  need  to  remove  the  shoe,  wherever  the  patient  may  be,  that 
is  one  of  the  most  noticeable  characteristics  of  the  affection. 

The  affection  is  somewhat  more  common  in  females  than  in  males  and 
often  several  members  of  a  family  or  two  successive  generations  may  be  suf- 
ferers. The  pain  may  be  experienced  only  at  long  intervals  and  may  be  induced 
by  a  particular  shoe,  or  it  may  come  on  at  such  frequent  intervals  as  practi- 
cally to  disable  the  patient. 

Symptoms  and  Causes. — The  first  symptom  may  be  ascribed  to  injmy  or  to 
overuse  of  the  foot,  but,  as  a  rule,  no  cause  can  be  assigned.  Formerly  it  was 
looked  upon  as  a  rather  mysterious  affection,  but  at  the  present  time  its  causes 
and  treatment  are  comparatively  well  understood. 

The  direct  cause  of  the  peculiar  pain,  as  I  have  endeavored  to  explain  else- 
where, is  lateral  pressure  upon  the  depressed  metatarso-phalangeal  joints.  This 
is  illustrated  by  a  similar  pain  if  the  hand  is  suddenly  pressed  while  the  fifth 
metacarpal  bone  is  elevated  above  the  fourth,  or  if  the  metacarpal  bones 
are  on  the  same  plane;  whereas,  if  the  arch  is  elevated  so  that  the 
bones  are  guarded  from  pressure,  the  hand  may  be  tightly  squeezed  without 
discomfort. 

The  pain  is  most  common  at  the  fourth  articulation  of  the  foot  because  of 
the  mobility  of  the  fifth  metatarsal  bone  and  because  the  toe  is  usually  ele- 
vated by  the  narrow  shoe  above  the  level  of  its  fellows.  The  pressure  comes 
more  or  less  directly  upon  the  nerves  lying  between  the  joints  and  upon  the 
sensitive  tissues  that  are  bruised  by  the  pressure  and  friction. 

The  pain,  although  far  more  common  at  the  fourth  joint  than  elsewhere, 
may  affect  any  joint  or  combination  of  joints,  corresponding  to  the  deformity 
and  weakness,  but  if  the  pain  is  diffused,  the  front  of  the  foot  is  almost  always 
depressed  and  often  in  a  condition  of  rigid  deformity,  a  sequel,  for  example,  of 
rheumatism  or  similar  infection. 

Treatment. — In  the  milder  cases  the  sjnnptoms  cease  if  a  proper  shoe 
is  pro\'ided — one  that  allows  room  for  the  toes,  that  fits  well  beneath  the 
arch,  and  that  holds  the  foot  securely.  Massage  and  alternate  flexion  and 
extension  of  the  toes  for  the  purpose  of  strengthening  the  muscles  and  restor- 
ing the  flexibility  of  the  arch  are  of  advantage  in  the  treatment  of  anj'^  stage 
of  the  affection. 

As  a  temporary  treatment  of  the  more  painful  cases,  the  arch  ha\-ing  been 
restored*  by  elevation  of  the  painful  joint,  the  metatarsus  may  be  supported 
by  a  wide  band  of  adhesive  plaster  passed  directly  about  it,  the  aim  being  to 
hold  the  foot  as  the  hand  is  held  by  a  tight  glove.  Tlie  position  may  be  still 
further  assured  by  placing  a  small  pad  of  felt  or  leather  beneath  the  painful 
jomt.     Many  patients  habitually  use  a  bandage  for  the  same  purpose. 
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The  best  treatment,  however,  is  by  a  properly  fitted  metal  plate.  A  plaster 
cast  of  the  sole  is  made  and  in  the  model  sufficient  plaster  is  cut  away  beneath 
the  depressed  region  to  represent  a  well-marked  arch,  deepest  beneath  the 
affected  joint.  On  this,  a  thin  metal  plate  is  moulded.  The  brace  should  fit 
the  entire  sole,  supporting  the  longitudinal  arch  in  order  to  distribute  the  weight 
properly,  and  in  well-marked  cases  it  should  extend  from  the  extremity  of  the 
heel  somewhat  beyond  the  metatarso-phalangeal  articulations  in  order  to  pre- 
vent dorsal  flexion  of  the  toes.  When  the  foot 
has  been  supported  for  a  time  the  sensitiveness 
subsides,  and  if  exercises  (Fig.  651)  are  employed 
and  a  proper  shoe  provided,  the  patient  may  in 
a  few  months  discard  the  brace. 

If,  as  in  many  instances,  dorsal  flexion  of  the 
toes  is  persistent,  and  is  accompanied  by  stiffness 
of  the  forefoot,  forcible  manipulation  and  mas- 
sage may  be  essential  to  restore  the  normal  elasti- 
city. In  the  most  severe  cases,  such  as  may  follow 
gonorrhoeal  infection  and  the  like,  forcible  ma- 
nipulation under  ether,  with  subsequent  fixation 
for  a  time  in  a  plaster  bandage,  may  be  in- 
dicated. 

Complications,  such  as  the  contracted  or  flat- 
tened foot  and  the  like,  should  of  course  receive 
attention. 

Operative  Treatment. — This  in  typical  cases 
consists  in  the  removal  of  the  head  of  the  fourth 
metatarsal  bone — that  is,  of  the  point  against 
which  pressure  is  exerted.  The  operation  may  be 
done  under  local  anaesthesia.  An  incision  about 
one  inch  and  a  half  in  length  is  made  on  the 
dorsal  surface  over  the  articulation.  The  joint 
is  then  forced  upward,  by  flexing  the  toe,  the 
capsule  is  divided,  and  the  head  of  the  metatarsal  bone,  being  exposed,  is 
pushed  through  the  wound  and  is  removed  at  the  neck  by  bone-forceps. 

If  the  tissues  are  sensitive  it  is  well  to  apply  a  plaster  bandage  which  sup- 
ports the  toes  and  sole.  The  temporary  use  of  a  sole-plate  is  of  advantage. 
As  a  rule,  the  operation  relieves  the  symptoms,  the  foot  is  not  perceptibly 
weakened,  and  the  only  deformity  is  slight  recession  of  the  toe. 

Now  that  the  cause  of  the  trouble  is  better  understood  than  in  Morton's 
time,  it  is  often  recognized  and  relieved  in  its  inception,  and  therefore  operative 
treatment  is  far  less  often  indicated. 

In  many  instances  there  is  no  spasmodic  or  neuralgic  pain  of  the  character 


Fig.  G50.— Plaster  Cast  of  the 
Sole  of  the  Foot  Marked  for  the 
Mechanic.  This  brace  is  designed 
to  elevate  the  anterior  arch  and 
to  limit  motion  at  the  sensitive 
metatarso-phalangeal  articula- 
tions. It  is  more  effective  than 
the  form  shown  in  Fig.  652. 
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described  which  may  be  relieved  by  removal  of  the  shoe;  instead,  there  are 
stinging,  burning  pains  which  are  referred  to  the  front  of  the  sole,  and  which 
are  due,  as  has  been  stated,  to  abnormal  pressure  on  a  depressed  anterior 
arch.  In  such  cases  the  sole-plate,  combined  with  manipulation  and  exercises 
to  increase  the  range  of  plantar  flexion  of  the  toes,  usually  assures  relief. 

If  a  painful  callus  or  corn  or  papilloma  is  present,  it  should  be  removed 
before  the  support  is  appHed. 

Achillo-Bursitis. — A  bursa  is  interposed  between  the  insertion  of  the  tendo 
Achillis  and  the  os  calcis.  Irritation  or  inflammation  of  this  bursa  causes  local 
sensitiveness  and,  secondarily,  loss  of  function  of  the  calf  muscle.  Occasion- 
ally, the  cause  may  be  pressure  of  the  shoe,  or  direct  strain  upon  the  tendon  in 


Fig.  651. — Plantar  Flexion  of  the  Toes,  an  Exercise  for  Strengthening  the  Anterior 
Arch  and  Overcoming  Deformity. 


violent  exercise,  but  in  many  instances  it  is  a  complication  of  infectious  disease, 
such  as  rheumatism  or  some  similar  affection,  and  particularly  of  gonorrho'a. 

In  traumatic  cases  the  affection  is  usually  unilateral,  but  in  the  ordinary 
type  both  bursa?  are  often  involved. 

Symptoms. — The  direct  symptoms  are  sensitiveness  to  pressure  about  the 
insertion  of  the  tendon,  and  in  early  cases  sUght  swelling  and  fluctuation  are 
perceptible  on  the  inner  side.  In  cases  of  long  duration,  however,  the  entire 
posterior  part  of  the  heel  is  broadened  and  thickened,  an  indication  that  the 
tissues  about  the  bursa  have  become  involved  in  the  inflammation.  The  in- 
direct symptoms,  which  are  due  to  the  loss  of  leverage  of  the  calf  muscle,  are 
these :  an  inelastic  gait  ■vsith  turning  out  of  the  foot,  and  an  attitude  which  in 
turn  induces  pain  in  the  bottom  of  the  heel  from  direct  pressure,  and  predis- 
f)Oses  to  weakness  of  the  longitudinal  arch.  In  fact,  the  symptoms  of  so- 
called  flat-foot  usually  accompany  those  of  Achillo-bursitis  of  long  standing. 
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As  the  painful  part  is  constantly  exposed  to  strain  and  injury,  the  affection, 
particularly  if  induced  by  gonorrhoea,  is  of  a  chronic  character  with  but  Httle 
tendency  toward  recovery. 

Treatment. — Treatment  should  assure  rest  of  the  affected  part.  In  mild 
and  recent  cases,  a  long  band  of  adhesive  plaster  may  be  applied  along  the 
sole  and  up  the  back  of  the  limb,  with  the  foot  in  slight  plantar  flexion.  This, 
when  reinforced  by  other  adhesive  bands  about  the  foot  and  ankle,  serves  to 

check  dorsal  flexion  and  at  the  same  time  to  pro- 
vide pressure  on  the  swollen  part. 

If  the  case  is  of  greater  intensity,  a  plaster  band- 
age is  of  service  to  fix  the  part  until  a  cure  is 
attained. 

In  the  more  chronic  type  a  brace,  provided  with 
a  stop  joint  to  prevent  dorsal  flexion,  may  be  at- 
tached to  the  shoe.  The  sensitive  heel  may  be 
cauterized  and  strapped  with  the  aim  of  hastening 
resolution. 

As  has  been  stated,  if  the  affection  has  persisted 
for  some  time  there  is  usually  an  accompanying 
depression  of  the  arch,  for  which  a  brace  and  other 
appropriate  treatment  may  be  used.  It  is  needless 
to  add  that  the  treatment  of  other  complications, 
particularly  the  gonorrhoea  so  often  present,  is 
essential. 

In  chronic  cases  in  which  the  bursa  is  enlarged 
and  thickened,  or  when  palliative  treatment  has 
failed,  operative  removal  is  indicated.  This  is  easily 
accomplished  by  an  incision  made  usually  on  the 
inner  side  of  the  tendon.  Thickened  and  sensitive 
tissues  in  the  neighborhood  should  be  removed  at  the  same  time.  A  plaster 
bandage  or  supporting  brace  should  be  used  until  all  sensitiveness  has  dis- 
appeared. 

Pain  in  the  Heel. — Pain,  or  particularly  sensitiveness  when  weight  is  borne, 
referred  to  the  centre  of  the  heel,  is,  in  most  instances,  a  symptom  of  abnormal 
pressure.  Thus  it  may  be  induced  by  simple  overwork,  particularly  long  stand- 
ing. Most  often  it  is  indicative  of  the  weak  foot,  or  it  may  be  a  symptom  of 
the  hollow  foot,  in  which  the  weight  is  supported  entirely  on  the  heel  and 
metatarsal  region.  Pain  in  this  region  is  common  when  weakness  of  the  foot 
is  induced  by  general  diseases  such  as  rheumatoid  arthritis  or  by  gonorrhoea, 
in  which  cases  there  may  be  a  local  inflammation  about  the  insertion  of  the 
plantar  fascia  or  deep  ligaments.  In  rare  instances  a  sensitive  bursa,  second- 
ary, it  may  be,  to  an  exostosis  of  the  os  calcis,  or  even  a  neuroma,  may  be 


Fig.  652. — A  Brace  to  Sup- 
port the  Anterior  Arch  of  the 
Foot.  A,  The  point  of  greatest 
elevation  beneath  the  painful 
part.     (See  Fig.  650.) 
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present.  In  such  conditions,  or  wlien  gonorrhoeal  inflammation  or  the  lilve  is 
the  exciting  cause,  the  sensitiveness  is  much  greater  and  more  locaUzed  than 
when  the  discomfort  is  due  to  simple  pressure. 

If  the  condition  is  inflammatory,  rest,  as  secured  by  the  apphcation  of  a  plas- 
ter-of -Paris  bandage,  is  indicated.  If  the  pain  is  simply  locaUzed  and  persis- 
tent, and  particularly  if  it  persists  in  spite  of  support,  or  if  an  actual  exostosis, 
as  indicated  by  an  .r-ray  picture,  is  present,  operative  removal  is  indicated. 

In  most  instances,  however,  the  symptoms  may  be  relieved  by  treating 
the  condition  which  induces  it,  narnely,  the  weak-foot.  In  mild  and  earlj'  cases 
the  use  of  a  rubber  heel  and  the  cultivation  of  a  "toe  walk"  may  be  sufficient, 
but  in  most  cases  a  well-fitting  metal  sole-plate,  fashioned  on  a  plaster  cast 
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Fig.  653. — The  Contracted  Foot — an  Exaggerated  Arch  and  Slight  Limitation  of  Dorsal  Flexion. 


sufficiently  high  under  the  arch  to  transfer  to  this  point  part  of  the  weight,  or, 
in  other  words,  to  distribute  the  pressure  on  the  foot,  is  indicated  as  a  primary 
measure. 

The  Hollow  or  Contracted  Foot.— The  depth  of  the  arch  varies  in  different 
individuals,  and  a  high  arch  as  contrasted  with  a  so-called  flat-foot  is,  from 
the  aesthetic  standpoint,  usuall}-  considered  desirable. 

As  a  rule,  however,  the  high  arch  is  accompanied  by  a  certain  inflexibihty 
that  predisposes  to  discomfort.  There  is,  for  example,  difficulty  in  procuring 
shoes  that  fit  the  sole,  and  the  weight  and  strain  are  concentrated  upon  the  heel 
and  front  of  the  foot,  thus  predisposing  to  corns,  calluses,  and  pain  in  the  meta- 
tarso-phalangeal  region  and  to  discomfort  about  the  arch.  There  is  also  in 
these  cases  a  tendency  toward  valgus;  thus  the  patient  with  hollow-foot  may 
suffer  from  the  characteristic  symptoms  of  the  so-called  flat-foot. 
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In  the  more  extreme  cases  of  this  type  there  may  be  limitation  of  dorsal 
flexion  at  the  ankle  due  to  shortening  of  the  calf  muscle,  a  type  to  which  Shaffer 
has  called  attention. 

The  hollow  foot  may  be  congenital.  It  is  favored  by  the  habitual  use  of 
high  heels.  It  may  be  induced  by  habitual  posture,  as  by  illness  in  which 
plantar  flexion  of  the  feet  is  favored  by  the  weight  of  the  bed  clothing.  It  may 
be  a  result  of  neuritis  or  of  a  very  limited  anterior  poliomyehtis  sufficient  to 
weaken  the  anterior  muscles.  In  this  class  there  is  usually  a  slight  degree  of 
equinus. 

Symptoms. — As  has  been  mentioned,  the  symptoms  in  the  milder  cases  are 
due  to  the  rigidity  of  the  foot  and  to  the  pressure  of  the  shoe  on  the  projecting 
dorsum.  If  dorsal  flexion  is  limited,  cramps  in  the  calves  also  are  often 
troublesome. 

Treatment. — For  mild  cases  a  well-arched  shoe  to  equalize  pressure  is 
sufficient.  If,  however,  the  plantar  fascia  is  sensitive  to  pressure,  a  light  metal 
support  made  on  a  plaster  cast  to  support  both  the  longitudinal  and  meta- 
tarsal arch  may  be  essential. 

Forcible  manual  or  instrumental  stretching  of  the  foot  and  forced  dorsal 
flexion  may  be  of  service  in  lessening  the  contractions  in  cases  of  the  milder 
type. 

If  there  is  abnormal  contraction  of  the  plantar  fascia,  and  especially  if  there 
is  accompanying  shortening  of  the  calf  muscle,  the  most  effective  treatment  is 
correction  under  anaesthesia. 

The  foot  being  dorsifiexed,  the  contracted  fascia  is  brought  into  promi- 
nence, and  it  may  be  easily  divided  at  the  centre  of  the  foot  subcutaneously. 
The  contraction  may  then  be  further  reduced  by  stretching  with  the  Thomas 
wrench.  If  the  resistance  to  dorsal  flexion  still  persists,  the  tendo  Achillis 
may  be  divided.  The  foot  is  then  fixed  by  a  plaster  bandage,  the  patient  being 
allowed  to  walk  about  as  soon  as  the  discomfort  has  subsided. 

The  after-treatment  consists  in  the  use  of  a  proper  shoe  and  massage,  and 
stretching  of  the  foot  for. a  time  to  assure  the  improvement. 

Hallux  Varus  and  Pigeon-Toe. — Hallux  varus,  in  which  the  toe  is  some- 
what adducted,  is  practically  always  a  congenital  peculiarity.  The  great  toe 
stands  away  from  the  others  and  catches  when  the  stocking  is  dra\\ii  on.  In 
many  instances  of  this  class  there  is  a  slight  degree  of  congenital  varus. 

If  the  toe  alone  is  affected,  wearing  of  the  shoe  may  be  counted  upon  to 
assure  a  cure,  or, if  the  movements  of  the  toe  maybe  restricted,  relief  maybe 
obtained  by  binding  it  to  its  fellows  by  an  encircUng  band  of  adhesive  plas- 
ter. If  the  adduction  of  the  toe  is  complicated  by  varus  deformity,  the  foot 
should  be  straightened  by  apparatus  or  by  plaster  bandages,  as  described  else- 
where. 

Pigeon-Toe. — Pigeon-toe  is  the  popular  name  for  an  intoeing  gait  of  which 
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hallux  varus  may  be  the  cause,  as  may  other  varieties  of  taUpes.  So  also  it 
may  be  a  direct  result  of  a  spiral  twisting  of  the  tibia  in  bow-leg.  In  most 
instances,  however,  it  is  symptomatic  or  compensatory,  usually  for  weak  feet 
or  for  knock-knee,  and  one  should  always  examine  the  patient  for  such  weak- 
ness before  treating  the  attitude,  wliich  in  such  cases  is  a  conservative  effort  of 
nature  to  protect  the  patient. 

If,  therefore,  the  attitude  depends  upon  direct  deformity  of  the  foot  and 
limb,  or  if  it  is  symptomatic  of  weak  feet  or  knock-knee,  treatment  must  be 
directed  to  its  cause.  In  those  cases  in  which  the  intoeing  is  apparently  a  sim- 
ple habit,  the  sole  of  the  shoe  may  be  made  sUghth'  thicker  on  the  outer  border, 
and,  as  has  been  mentioned  in  the  section  relating  to  treatment  of  club-foot, 
bands  of  elastic  tape  may  be  attached  to  the  outer  border  of  the  front  of  the 
sole  of  the  shoe,  and  carried  romid  the  back  of  the  calf  to  the  knee,  outward 
over  the  front  of  the  thigh  to  the  back  of  a  waist  belt,  sufficient  tension  being 
exerted  to  rotate  the  foot  outward  and  to  lift  slightly  its  outer  border. 

Hammer-Toe. — Hammer-toe  is  a  contraction  deformity  in  which  the  first 
phalanx  is  dorsiflexed,  the  second  plantar-flexed,  and  the  third  either  flexed 
or  extended.  Thus  the  dorsal  surface  of  the  first  interphalangeal  joint  pro- 
jects above  the  level  of  the  other  toes,  and  the  toe  is  compressed  laterally  by  its 
fellows  while  the  extremity  is  expanded  imder  the  influence  of  pressure,  the 
appearance  justifjing  in  some  degree  the  name  hammer.  The  discomfort  is 
due  to  the  pressure  of  the  leather  of  the  shoe  upon  the  dorsal  surface  of  the 
projecting  joint  and  to  the  pressure  of  the  sole  upon  the  extremity  of  the  toe. 
Thus  a  com  and  bursa  or  an  inflamed  or  ingrown  toenail  often  make  walking 
difficult. 

The  term  hammer-toe  is  usually  limited  to  the  deformity  of  a  single  toe. 
In  rheumatic  cases  or  in  some  forms  of  paralysis,  all  the  toes  may  be  deformed 
in  Hke  manner.     Tliis  condition  is  considered  under  "  Metatarsalgia  "  (p.  886). 

The  cause  of  the  deformity,  although  it  may  be  congenital,  is  in  most  in- 
stances the  shoe,  which  is  too  narrow  and  too  short.  Thus  the  second  toe, 
which  from  the  length  and  situation  is  most  directly  exposed  to  the  pressure 
of  a  short  shoe  and  to  that  of  the  great  toe,  which  is  forced  into  valgus  deform- 
ity, is  usuaUy  involved. 

Treatment. — This,  of  course,  includes  prevention.  The  patient  should  be 
pro\'ided  with  a  proper  shoe  which  will  allow  sufficient  space  for  the  toe.  For 
the  treatment  of  the  slighter  grades  of  deformity  in  children,  manual  correc- 
tion of  the  deformity  or  the  use  of  a  splint  of  thin  celluloid  or  other  hght  ma- 
terial passing  along  the  plantar  surface  may  be  employed,  but  in  the  ordinary 
cases  in  adults  operative  treatment  is  indicated. 

This  consists  essentially,  after  thorough  stretching  of  the  contracted  parts, 
in  resection  of  the  first  phalangeal  joint,  sufficient  bone  bemg  removed  from 
each  phalanx  so  to  shorten  the  toe  as  to  prevent  vertical  pressure  even  if  the 
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deformity  recurs.  The  joint  may  be  conveniently  opened  laterally,  and  the 
extremities  of  the  bones  removed  by  forceps.  The  toe  is  straightened  and  a 
splint  is  applied  to  fix  it  until  fibrous  ankylosis  is  assured. 

Other  distortions  of  the  smaller  toes,  contractions,  overlapping,  and  the 
like,  if  seen  in  early  childhood  or  infancy,  may  be  treated  by  manipulation. 
Cure  will  be  hastened  if  the  toes  are  held  in  line  by  a  strip  of  adhesive  plaster 
passing  above  the  elevated  and  below  the  depressed  toe. 

Hallux  Valgus  and  Bunion. — Hallux  valgus  is  a  deformity  resembling 
knock-knee.     The  first  metatarsal  bone  is  turned  inward  so  that  its  head  is 


Fig.  654. — Hammer-toe  and  Flat-foot. 


separated  from  the  adjoining  bone  while  the  toe  itself  is  forced  outward  against 
its  fellows.  Hallux  valgus  is  thus  a  subluxation  in  which  the  inner  condyle  of 
the  metatarsal  bone  is  exposed,  forming  a  prominence  on  the  inner  border  of 
the  foot,  which  is  subjected  to  the  constant  pressure  of  the  shoe.  The  front 
of  the  foot  is  broader  than  normal  and  the  metatarsal  arch  is,  as  a  rule, 
depressed.  Tlie  toe  may  be  twisted  on  its  axis  in  extreme  cases,  lying 
above  or  below  the  others,  which  in  turn  follow  the  same  general  outward 
inclination. 

Etiology. — Hallux  vg,lgus,  in  slight  degree  at  least,  is  almost  universal 
among  shoe-wearers,  and  it  is  common  even  in  early  childhood.     The  ordinary 
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shoe  is  too  narrow,  and  the  inner  border,  instead  of  follo^^■ing  the  normal  con- 
tour of  the  foot,  is  curved  outward  so  that  deformity  is  inevitable.  Weakness 
and  depression  of  the  longitudinal  or  anterior  metatarsal  arch  are  predisposing 
causes;  so  also  gout,  rheumatism,  and  the  like  may  aggravate  the  deformity 
and  its  symptoms. 

In  cases  of  long  standing,  in  which  there  have  been  repeated  inflammations, 
the  underlying  bone  may  be  eroded  and  irregular  and  thus  the  discomforts  of 
pressure  may  be  increased. 

Symptoms. — Aside  from  the  noticeable  deformity,  the  principal  symptom 
is  the  discomfort  caused  by  the  pressure.  This  often  causes  a  bursa  over  the 
articulation,  surmounted  by  a  callus  or  corn.  Tlie  com  is  always  sensitive,  and 
at  times  there  is  mflanmiation  of  the  underljdng  bursa,  the  joint  then  being 
reddened,  swollen,  and  so  painful  and  sensitive  to  pressure  as  to  incapacitate 
the  patient.  As  incidents  of  the  deformity  are  displacement  of  the  tendons 
to  the  inner  side  and  more  or  less  resistant  contractions. 

Treatment. — In  all  cases  a  proper  sho6  should  be  provided  that  will  reheve 
pressure  on  the  sensitive  parts,  and,  if  there  is  depression  of  the  arch  of  the 
foot,  a  suitable  brace  should  be  appUed. 

In  connection  with  the  shoe,  methodical  manipulation  of  the  toe  in  the  di- 
rection of  adduction,  combined  VNith  active  exercises  of  the  weakened  muscles, 
will  in  some  degree  restore  symmetry. 

Various  appliances  for  straightening  the  toe  have  been  used,  but  they  are, 
as  a  rule,  too  uncomfortable  to  be  tolerated.  One  of  the  simplest  is  the  Holden 
toe-post,  a  padded  metal  upright  which  is  fixed  to  the  sole  of  the  shoe  or 
inner  sole  and  passes  between  the  first  and  second  toe  to  hold  the  former  in 
proper  position.  Moulded  rubber  pads  which  cover  the  joint  and  protect  the 
sensitive  part  from  pressure  are  also  used  with  advantage. 

Operative  Treatment. — Tlie  most  satisfactory  treatment  is  by  o})eration,  the 
object  being  primarily  to  restore  symmetry.  The  best  operation  for  ordinary 
cases  is  the  simplest. 

Tlie  patient  having  been  anaesthetized,  the  toe  is  first  vigorously  stretched 
to  overcome  the  contractions.  A  shghtly  ciu"vcd  incision,  with  the  convexity 
downward  just  below  the  most  prominent  part  of  the  joint,  is  made,  the  flap 
is  turned  outward,  and  the  bursa,  if  present,  is  removed.  The  capsule  is  then 
split  longitudinally,  and  the  projecting  part  of  the  metatarsal  bone,  usually  the 
iimer  half  of  the  head,  is  removed  with  a  thin  chisel.  The  capsule  and  the 
overhing  tissues  are  then  imited  with  fine  catgut,  and  a  plaster  bandage  is  ap- 
plied in  such  a  manner  as  to  hold  the  toe  m  the  corrected  attitude.  This  is 
retained  until  the  wound  is  healed  and  until  the  sensitiveness  has  subsided. 
If  the  wound  is  properly  closed,  and  if  it  heals  by  first  intention,  there  is  no 
danger  of  a  sensitive  scar  or  of  subsequent  ankylosis. 

A  proper  shoe,  manual  correction,  and  voluntary  exercises  of  the  disused 
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muscles  will  practically  cure  the  deformity.  If  weakness  of  the  arch  is  pres- 
ent, a  flat-foot  brace  should  be  used. 

In  cases  of  extreme  deformity,  excision  of  the  head  of  the  metatarsal  bone 
may  be  ad^dsable.  The  incision  may  be  made  from  the  outer  side  or  over  the 
joint,  as  seems  desirable,  and  the  head  of  the  bone  should  be  resected  by  cutting- 
forceps  or  a  saw.  The  removal  of  the  bone  accommodates  the  part  to  the 
shortened  tissues,  and  the  result  is  often  a  surprisingly  symmetrical  foot,  which 
does  not  appear  to  be  materially  weakened  by  the  removal  of  the  bearing  sur- 
face of  the  metatarsal  bone. 

Hallux  Rigidus. — In  this  affection  there  is  marked  stiffness  at  the  joint  of 
the  great  toe,  the  resistance  to  motion  being  particularly  to  dorsal  flexion.  The 
toe,  in  fact,  may  be  persistently  flexed  so  that  the  head  of  the  metatarsal  bone 
forms  a  prominence  on  the  dorsal  aspect  of  the  foot.  There  is  usually  persist- 
ent discomfort,  which  is  increased  by  dorsal  flexion. 

The  cause  may  be  direct  injury  to  the  toe, — for  example,  ''stubbing  the  toe," 
— but  in  many  instances  the  affection  is  an  accompaniment  of  a  weakened 
longitudinal  arch. 

Treatment. — If  the  stiff  toe  is  induced  by  a  weakened  arch  it  will  be  rem- 
edied by  treatment  directed  to  its  cause.  Otherwise  the  treatment  is  rest  and 
support.  For  example,  a  very  thick  stiff  sole  for  the  shoe,  strengthened,  if 
necessary,  by  the  insertion  of  a  strip  of  steel,  may  be  constructed,  or,  better,  a 
moulded  metal  inner  sole,  extending  from  the  heel  to  a  point  beyond  the  sen- 
sitive joint,  may  be  worn.  This,  by  preventing  motion,  reheves  the  discom- 
fort and  assures  the  necessar}^  rest.  In  extreme  cases  it  may  be  well  to  stretch 
the  contracted  tissues  under  ether,  and  to  fix  the  toe  by  a  plaster-of-Paris 
bandage  in  an  attitude  of  dorsal  flexion. 

Under  proper  treatment  the  symptoms  are  usually  quickly  relieved. 

Painful  Great-Toe  Joint. — Pain  about  the  joint,  especially  at  the  inner 
aspect,  is  often  induced  by  pressure  of  the  leather  of  an  improperly  shaped 
shoe,  and  it  is  a  frequent  accompaniment  of  a  weakened  arch.  These  points 
should  be  considered  before  the  discomfort  is  ascribed  to  gout  or  similar  disease. 

The  remedy  is  obvious.  In  cases  of  the  more  extreme  type,  resembling  the 
distortions  of  arthritis  deformans,  resection  of  the  joint  may  be  indicated. 

VII.   DISTORTIONS  OF  THE  FOOT. 
Talipes. 

The  deformities  of  the  foot  are  grouped  under  the  term  "Talipes."  Any 
form  of  talipes  is  simply  an  abnormal  persistence  of  a  normal  attitude,  or 
rather,  in  most  instances,  an  exaggeration  of  a  normal  attitude,  the  centre  of 
deformity  being  a  centre  of  normal  motion. 

For  example,  the  ankle  joint  permits,  practically  speaking,  only  vertical 
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motion.  Persistent  extension  of  the  foot  on  the  leg  (plantar  flexion)  is  called 
"Talipes  equinus"  (horse-like),  because  the  patient  walks  upon  the  front  of  the 
foot. 

Persistent  dorsal  flexion  throws  the  heel  do\Miward;  hence  the  term  "TaUpes 
calcaneus"  (from  calcaneum,  the  heel  bone). 

The  centres  of  inversion  and  eversion  are  the  mediotarsal  and  subastraga- 
loid  joints.  The  turned-in,  or  adducted,  foot,  in  which  the  weight  is  borne  upon 
the  outer  border,  is  called  "TaUpes  varus";  the  opposite  deformity, or  persist- 
ently everted  foot,  is  called  *' Talipes  valgus." 

If  the  deformity  has  persisted  for  some  time  or  is  extreme,  two  varieties  are 
usually  combined.  Thus,  the  extended  or  flexed  foot  is  often  inverted  or 
everted,  hence  the  terms  equino-varus  or  calcaneo-varus.  There  are  four 
simple  forms  of  taUpes,  namely : 

TaUpes  equinus;  TaUpes  varus;    . 

Tahpes  calcaneus;  '  Talipes  valgus; 

and  four  combined  forms — 

TaUpes  equino-varus;  TaUpes  calcaneo-varus; 

TaUpes  equino-valgus ;  TaUpes  calcaneo-valgus. 

In  the  various  forms  of  taUpes  the  arch  of  the  foot  may  l^e  increased  or 
diminished.  It  is,  for  example,  increased  usually  in  equinus  and  calcaneus, 
and  diminished  in  valgus,  the  change  being  incidental  to  the  more  important 
deformity.  The  simple  hollow  or  contracted  foot  (cavus)  and  the  flat  foot 
(planus)  are  described  in  another  section. 

Etiologi". — The  cause  of  talipes  is  more  important  than  its  form.  Thus, 
from  the  remedial  standpoint,  the  deformities  are  di\'ided  into  two  classes — 
congenital  and  acquired. 

Congenital  talipes  is  usually  a  simple  deformity  and  is  thus  capable  of  cure. 
In  the  majority  of  cases  of  acquired  taUpes,  on  the  other  hand,  the  cause  is 
paralysis;  while,  therefore,  the  deformity  in  these  cases  may  be  overcome, 
perfect  cure  is,  of  course,  impossible. 

Congenital  taUpes  is  spoken  of  as  a  simple  deformity  because  the  foot,  hav- 
ing been  fixed  or  constrained  in  its  movements  before  birth,  has  become  de- 
formed in  its  development.  In  rare  instances  the  distortion  may  be  compli- 
cated by  or  caused  by  paralysis — for  example,  as  an  accompaniment  of 
certain  classes  of  spina  bifida, — or  bones  of  the  foot  or  Umb  may  be  lacking  or 
malformed;  but  in  the  great  majority  of  cases  there  is  no  complication  that 
prevents  perfect  cure. 

That  the  cause  of  the  deformity  is  abnormal  constraint  is  often  demon- 
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strated  in  infants  seen  soon  after  birth,  by  the  attitude  of  the  limbs  and  by 
the  adaptation  of  the  feet  to  each  other  and  by  the  evidence  of  pressure  where 
the  parts  have  been  apposed. 

The  cause  of  the  abnormal  constraint  is,  of  course,  problematical.  In  a 
small  proportion  of  the  cases  the  influence  of  heredity  is  clear.  In  a  few  others, 
some  abnormaUty  of  the  mother — for  example,  a  uterine  tumor — is  an  apparent 
explanation,  but  in  most  cases  no  cause  can  be  assigned. 

The  theory  of  Eschricht  and  Berg  is  that  in  the  early  months  of  intra- 
uterine life  the  usual  attitude  of  the  limbs  is  one  that  predisposes  to  club-foot; 
that  is,  the  thighs  are  flexed  on  the  abdomen,  the  legs  are  crossed,  and  the  feet 
are  plantar-flexed  and  adducted.     Normally  the  attitude  changes  in  the  later 


Fig.  655.— Congenital  Talipes.  Illustrating  the  Attitude  of  the  T.imbs  at  Birth. 

months  until  the  feet  are  in  the  reverse  position,  namely,  abducted  and  dorsi- 
fiexed.  If  for  any  reason  this  rotation  is  checked,  the  abnormal  constraint 
induces  deformity.  The  most  resistant  deformity  is  thus  equino-varus,  be- 
cause its  development  begins  in  the  early  months  of  foetal  life,  while  valgus 
and  calcaneus,  representing  constraint  at  a  much  later  period,  are,  as  a  rule, 
very  easily  cured. 

This  theory,  although  not  supported  by  actual  investigation  of  foetal  atti- 
tudes, is,  from  the  clinical  standpoint,  very  satisfactory. 

Congenital  talipes  is  much  more  common  in  males  than  in  females,  the  pro- 
portion being  about  64  to  36.  It  is  more  often  unilateral  than  bilateral,  the 
proportion  being  57  to  43. 

By  far  the  most  common  of  the  congenital  deformities  is  equino-varus,  more 
than  75  per  cent  of  the  cases  being  of  this  type;  valgus,  varus,  and  equinus, 
in  the  order  named,  accounting  for  15  per  cent  of  the  remainder. 
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The  Relative  Frequency  of  the  Different  Forms  of  Congenital  Talipes. — (From  Whit- 
man's  "  Orthopedic   Surgery.") 

Cases.  Percentage. 

Equino-vanis 1,272                77.0 

Valgus 123                  7.4 

Varus 85                  5.1 

Calcaneo-valgus 52                  3.1 

Equinus 40                  2.4 

Calcaneus 28                  1.7 

Equino-\-algus 28                  1.7 

Calcaneo- varus 7 

Cavus 5 

Valgo-ca\-us 1 

Equino-ca\Tis 1 

Different  deformity  in  each  foot 18 

Total 1,660 

Talipes  Equine- varus.— This  form  of  deformity,  in  wliich  the  foot  is  turned 
dowTiward  and  inward  and  even  backward,  explains  the  popular  name  "club- 
foot.'' In  most  instances  only  the  exaggerated  adduction  and  inversion  are  ap- 
parent, the  equinus  being  masked  until  the  foot  is  replaced  in  an  approximately 
normal  relation  to  the  leg.  For  this  reason  it  is  often  classified  in  foreign  text- 
books as  varus. 

If  one  considers  the  deformed  foot  as  having  developed  in  the  distorted  atti- 
tude, it  vriW  be  apparent  that  all  its  component  parts  must  participate  in  the 
deformity.  For  example,  all  the  tissues  on  the  convex,  or  longer,  side  are 
elongated,  and  those  on  the  concave  side  are  too  short  to  permit  the  normal 
position. 

The  bones  themselves  conform  to  the  deformity  and  the  joints  are,  of  course, 
accommodated  to  it.  The  most  noticeable  abnormaUties  are  in  the  astragalus 
and  OS  calcis;  the  neck  of  the  former  is  somewhat  elongated  and  is  t^\-isted 
downward  and  inward,  while  the  os  calcis  is  usually  correspondingly  twisted 
so  that  its  inner  border  is  somewhat  concave.  At  birth  the  deformity  varies 
in  degree  and  in  resistance  according  to  the  duration  and  degree  of  the  intra- 
uterine constraint.  In  some  cases  it  may  be  nearly  overcome  by  manipulation. 
In  other  instances  it  is  but  sUghtly  influenced  by  ordinary  pressure,  and  the 
foot  seems  smaller  and  thicker  than  normal. 

If  the  deformity  is  not  treated,  it  is,  even  in  infancy,  increased  by  muscu- 
lar action,  because  motion  is  possible  only  in  the  directions  of  deformity. 

TVTien  the  cliild  begins  to  walk,  the  weight  of  the  body  and  functional  use  fix 
and  exaggerate  the  distortion.  The  limbs  are  atrophied,  the  feet  remain  unde- 
veloped, and  usually  the  soles  face  almost  directly  backward,  the  centre  of  what 
corresponds  to  the  heel  being  somewhat  in  front  of  a  point  about  half  way 
between  the  extremity  of  the  external  malleolus  and  the  sole.  And  here  a 
large  bursa  forms.     There  is  usually  compensatory  knock-knee  as  well.     In 
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some  instances,  although  the  gait  is  awkward  and  the  deformity  very  notice- 
able, the  fuactional  abiUty  is  fair,  the  principal  discomfort  being  from  calluses 
and  corns. 

Treatment. — The  principles  of  treatment  are  very  simple.  As  the  foot  has, 
from  an  early  period,  developed  into  deformity,  as  soon  as  is  practicable  after 
birth  it  should  be  made  to  grow  toward  symmetry. 

In  the  early  months  of  hfe  the  tissues  are  yielding,  growth  is  rapid,  and 
under  favorable  conditions  a   club-foot  should  be   practically  cured  without 


Fig.  656. — Congenital  Varus  without  Equinus. 


operation  before  the  child  begins  to  stand.  The  ordinary  time  for  beginning 
treatment  is  at  about  the  end  of  the  second  week,  although  the  foot  may  be 
straightened  manually  from  time  to  time  before  positive  treatment  is  begun. 

The  first  step  is  to  overcome  deformity.  This  deformity  may  be  divided 
into  three  parts,  which  should  be  treated  consecutively — adduction,  inversion 
of  the  sole,  and  finally  the  equinus. 

The  most  convenient  means  of  fixing  the  foot  during  the  j)rocess  of 
correction  is  by  a  plaster-of-Paris  splint.  Tliis  is  applied  as  follows  :  The 
foot  is  powdered,"  pledgets  of  cotton  are  inserted  between  the  toes,  a 
narrow  band  of  cotton  is  placed  about  the  toes  to  protect  them  from 
pressure  and   a  similar    band   is   placed    about   the    calf    below  the   knee. 
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The  foot  is  then  gently  drawn  outward  until  resistance  is  encountered 
and  a  narrow  cotton-flannel  bandage  is  apphed,  which  in  turn  is  covered 
smoothly  with  about  two  layers  of  plaster  bandage,  turns  being  made  from 
without  inward  so  that  the  tension  may  aid  in  retaining  the  foot  in  the  im- 
proved position.  This  bandage  should  be  rubl^ed  until  it  is  firm,  the  aim  being 
to  make  the  support  no  thicker  than  blotting  pajjer  and  thus  to  hold  the  foot 
in  the  improved  position  without  compression.  At  the  end  of  a  week  the  band- 
age is  removed,  the  leg  is  massaged  and  powdered,  and  the  bandage  is  reappUed 
with  the  foot  in  an  attitude  of  further  correction,  the  aim  being  to  turn  it  grad- 
ually and  gently  at  successive  sittings  from  exaggerated  adduction  to  exag- 


FiG.  657. — The  First  Application  of  tlie  Plaster  Bandage,  SliowLug   the  Improved  Position 
of  the  Foot.     (From  Whitman's  "  Orthopedic  Surgery.") 


gerated  abduction.  A  marked  improvement  is  readily  attained  at  each  appli- 
cation of  the  support,  because  the  fixation  diminishes  the  muscular  resistance 
and  because  the  rapidh'  growing  part  conforms  to  the  new  position.  As  the 
foot  passes  the  line  of  the  leg,  the  inverted  sole  becomes  level,  and  with  each 
appUcation  it  is  everted  until  it  finalh'  looks  almost  directly  outward.  If  the 
limb  is  so  fat  that  the  support  is  easily  displaced  a  narrow  strip  of  adhesive 
plaster  should  be  apphed  to  the  outer  border  of  the  leg,  the  lower  end  of  which 
is  incorporated  in  the  bandage,  and  it  thus  serves  to  fix  it  securely  in  place. 

In  a  case  of  moderate  resistance,  one  should  be  able  to  change  adduction 
and  inversion  to  extreme  abduction  and  eversion  in  from  three  to  six  treat- 
ments. 

During  this  period  sufficient  tension  is  brought  upon  the  posterior  tissues 
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to  lessen  the  equinus,  and  when  the  lateral  distortion,  the  most  important  part 
of  the  deformity,  is  corrected,  the  foot  is  brought  more  toward  the  line  of  the  leg 
and  is  pushed  upward  to  bring  direct  tension  on  the  posterior  tissues,  care  being 
taken  that  too  much,  strain  shall  not  be  brought  upon  the  leg  bones  and  also  that, 
as  the  forefoot  is  pushed  up,  the  heel  shall  correspondingly  descend.  This  is  con- 
tinued at  the  successive  treatments  until  the  dorsum  of  the  foot  can  be  forced 
into  contact  with  the  limb.  Thus,  in  a  favorable  case,  all  resistance  to  complete 
overcorrection  of  deformity  should  have  been  overcome  in  about  three  months. 
This  impUes,  of  course,  that  the  treatment  has  been  progressive.  It  is  some- 
times suggested  that  the  confinement  of  the  foot  is  harmful,  but  as  a  matter  of 
fact  it  is  an  essential  part  of  the  treatment,  since  the  muscles  on  the  back 
and  inner  side    of    the    limb  are   relatively  hypertrophied,    and,  if  motion 


Fig.  658. — Apparatus  of  Dr.  A.  B.  Judson  for  Rectification  of  Deformities  of  the  Foot,  a,  The 
deformed  member.  The  letters  A,  B,  C  indicate  the  points  for  pressure  and  counter-pressure,  h 
shows  the  apparatus,  BCD  being  a  bar  of  thin  brass,  to  either  end  of  whicli  are  attached  thin  disks 
of  the  same  material;  a  third  disk,  A,  is  used  to  equaHze  the  pressure.  The  application  of  the  sphnt 
to  the  limb  by  means  of  bands  of  adhesive  plaster  is  shown  in  c.  The  correction  of  deformity  is 
effected  by  changing  the  shape  of  the  brace. 


of  the  foot  is  allowed,  the  deformity  is  increased  and  cure  is  delayed.  The 
object  of  treatment,  furthermore,  is  not  merely  the  correction  of  deform- 
ity, but  such  a  transformation  of  the  structure  of  the  foot  as  -will  assure  per- 
manent cure.  If  the  treatment  is  conducted  in  the  manner  described  and  if 
the  correction  is  attained  within  a  reasonable  time,  there  is  absolutely  no 
danger  of  muscular  atrophy  other  than  as  a  temporary  indication  of  disuse. 

The  plaster-bandage  method  has  been  described  as  the  most  convenient 
and  effective,  but  other  means  of  correction  and  fixation  may  be  employed. 
For  example,  Judson  uses  a  splint  of  brass  which  is  successively  bent  from 
week  to  week  to  force  the  foot  into  the  desired  position,  as  illustrated  by  the 
figures.     (Fig.  658,  a,  b,  and  c.) 

When  the  resistance  to  the  extreme  range  of  normal  motion  has  been  over- 
come, the  first  stage  in  treatment  has  been  completed,  but,  as  has  been  stated, 
functional  cure  cannot  be  assured  until  the  foot  has  become  consolidated  in  its 
new  position  by  a  rearrangement  of  its  internal  structure  and  until  the  nius- 
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cular  balance  of  the  foot—that  is,  the  abiUty  to  move  it  voluntarily  in  all  di- 
rections— has  been  regained.  This  natural  process  of  reconstruction,  although 
very  rapid  in  infancy,  as  contrasted  with  childhood,  can  hardly  be  accomphshed 
during  the  tliree  or  more  months  occupied  in  correction.  Consequently,  it  is 
usually  necessary  to  support  the  foot  in  the  attitude  of  dorsiflexion  and  ab- 
duction until  the  child  begins  to  walk.  For  this  purpose  a  Ught  support  of 
aluminum,  hard  rubber,  or  other  material  may  be  constructed,  or  the  foot 
may  be  held  by  a  strap  of  adhesive  plaster  passed  under  the  sole  and  up  the 
outer  border  of  the  leg.  The  apparatus  should  be  removed,  if  possible,  several 
times  a  day  to  permit  massage  of  the  foot  and-hmb  and  methodical  twisting 
to  the  hmit  of  movement  in  every  direction.  ^ 

In  many  instances  the  leg  is  rotated  inward  on  the  thigh,  and  outward  ro- 
tation may  be  Hmited  also  at  the  hip.  In  such  cases  the  methodical  manipu- 
lation should  be  employed  to  stretch  the  contracted  tissues.  The  muscular 
action  in  the  weakened  group  of  flexors  and  abductors  may  be,  with  advantage, 
induced  by  tickling  the  sole  of  the  foot  or  by  electrical  stimulation  and  the 
like.  WTien  the  child  begins  to  stand,  a  well-fitting  shoe  should  be  pro\'ided, 
and  in  most  instances  it  is  weU  to  assure  eversion  by  making  the  outer  border 
of  the  sole  somewhat  tliicker  than  the  inner.  If,  in  walking,  the  child  inverts 
the  foot,  an  elastic  band  may  be  attached  to  the  front  of  the  outer  border  of 
the  shoe.  This  is  then  passed  to  the  outer  side  of  the  calf  behind  the  knee  and 
across  the  front  of  the  thigh  and  buckled  to  the  centre  of  the  waistband,  or, 
if  both  feet  are  affected,  to  a  belt. 

The  super\ision  of  the  postures  and  the  manipulation  to  assure  the  com- 
plete range  of  motion  must  be  continued  indefinitely  if  perfect  functional  cure 
is  desired. 

This  description  represents  the  ordinary  course  and  outcome  of  treatment 
under  normal  conditions.  In  certain  instances  in  wliich  it  has  been  delayed  or 
is  less  effective,  or  in  which  the  posterior  tissues  are  especially  resistant,  it  may 
be  ad\dsable,  after  the  varus  has  been  corrected,  to  hasten  correction  by  di\'is- 
ion  of  the  tendo  Achillis.  This  operation  should  be  performed  subcutane- 
ously.  Tlie  foot  ha\Tng  been  prepared,  the  child  is  aniesthetized  and  turned 
upon  its  face.  The  foot  is  forced  toward  dorsal  flexion  to  make  the  tendo 
Achillis  tense,  and  the  tenotomy  knife  is  then  inserted  at  a  point  opposite  the 
extremity  of  the  external  malleolus,  passed  l^eneath  the  tendon,  turned  to  bring 
the  cutting  edge  against  it,  and  it  is  then  di\-ided  \\'ith  a  gentle  sawing  motion 
and  the  knife  is  withdrawn.  As  a  rule,  there  is  no  bleeding.  WTien  the  de- 
formity is  corrected  after  tenotomy,  the  foot  is  forced  up  to  complete  dorsal 
flexion.  It  must  be  borne  in  mind  that  the  tendon  is  but  one  of  the  shortened 
tissues;  therefore  in  overcoming  deformity  the  finger  should  be  passed  about 
the  heel  to  force  it  actually  downward  by  elongation  of  the  shortened  hga- 
ments,  and  if  these  are  very  resistant  they  may  be  di\dded  by  passing  the  knife 
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directly  inward  against  the  posterior  surface  of  the  joint,  care  being  taken  to 
avoid  the  important  parts  in  the  neighborhood  of  the  internal  malleolus. 

A  plaster-of-Paris  bandage  is  then  applied  in  the  attitude  of  overcorrec- 
tion, and  it  is  allowed  to  remain  for  from  four  to  eight  weeks,  when  repair  is 
usually  complete. 

In  applying  the  plaster,  care  should  be  taken  that  no  pressure  be  brought 
at  the  point  of  division  of  the  tendon,  in  order  that  the  new  material  produced 

by  the  sheath  and  from  the  cut  surfaces  may 
not  be  compressed.  Ordinarily  this  spHce  in  the 
tendon  is,  when  organized,  thicker  than  the  origi- 
nal; and,  when  the  operation  is  properly  per- 
formed, there  is  no  danger  whatever  of  non- 
union or  of  subsequent  disturbance  of  function. 
Such  results  need  be  feared  only  in  cases  of 
paralytic  deformity  in  which  the  tissues  are 
feebly  nourished  and  in  which  the  foot  is  not 
effectively  supported  during  the  process  of  repair. 
Thus  far  the  treatment  of  congenital  talipes 
in  infancy  has  been  considered.  One  now  pro- 
ceeds to  the  cases  in  which  treatment  in  infancy 
has  been  ineffective  and  in  which  deformity  has 
been  increased  and  has  become  more  resistant 
because  of  functional  use.  In  the  great  majority 
of  cases  of  this  type,  in  children  from  three  to 
twelve  years  of  age,  treatment  by  braces  or  by 
operation  has  been  carried  out  in  a  desultory 
manner,  but  the  principle  of  complete  over-cor- 
rection of  deformity  and  retention  for  a  sufficient 
time  to  permit  the  necessary  transformation  of 
structure  has  not  been  appreciated. 

In  all  cases  of  this  class,  or,  in  fact,  of  any 
class,  one  should  first  attempt  to  correct  or  partly  to 
correct  the  deformity  by  stretching  the  contracted 
tissues  before  resorting  to  more  radical  treatment. 
Forcible  Manual  Correction. — The  operation  of  choice,  therefore,  is  forcible 
manipulative  correction. 

The  patient  being  anaesthetized,  one  attempts  to  correct  the  foot  at  one 
sitting  in  the  same  methodical  manner  that  is  employed  in  gradual  correction, 
namely:  to  overcome  first  the  inward  twist;  second,  the  inversion;  and,  third, 
the  equinus. 

Thus,  one  seizes  the  deformed  foot  in  the  hand,  the  fingers  grasping  the  heel, 
the  projection  of  the  palm  lying  against  the  convexitj'^  of  the  outer  border  at 


Fig.  659.— Partly  Corrected  Club- 
feet, Illustrating  Unsuccessful  Treat- 
ment. In  cases  of  this  type  forcible 
correcfion  is  indicated. 
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the  junction  of  the  cuboid  with  the  os  calcis.  Using  this  as  a  fulcrum,  the  oper- 
ator forces  the  forefoot  outward  with  the  other  hand,  alternately  stretching 
and  relaxing  the  tense  tissues  until  they  give  way,  thus  rendering  it  possible  to 
change  the  concavity  of  the  inner  border,  without  force,  to  a  convexity.  Then, 
in  the  same  manner  he  overcomes  the  inversion  by  repeatedly  twisting  the 
foot  until  the  sole  may  be  made  to  look  directly  outward. 

Finally,  the  equinus  is  corrected.  If  the  resistance  is  great,  it  is  well  to 
divide  the  tendo  Achillis  subcutaneously  in  the  mamier  described.  One  then 
hooks  his  fingers  about  the  heel,  the  hand  King  along  tiie  sole ;  and  by  repeated 
appUcations  of  force,  the  bones  of  the  leg  being  prevented  from  bending  by 
firmly  grasping  them  •with  the  other  hand,  the  foot  is  forced  upward  imtil  the 
dorsum  can  be  placed  in  contact  with  the  front  of  the  leg.  WTien  the  opera- 
tion is  completed,  the  foot  should  be  Ump,  all  the  resistant  structures  ha\ing 
l^een  so  thoroughly  stretched  that  it  can  be  easily  placed  in  the  attitude  of 
overcorrection — namely,  abduction,  eversion,  and  dorsal  flexion — and  fixed 
there  by  a  carefully  padded  plaster-of- Paris  bandage. 

It  is,  of  course,  apparent  that,  although  the  exterior  of  the  foot  may  be 
moulded  into  an  approximately  normal  form,  the  actual  reformation  of  the 
internal  structures  can  be  accomphshed  only  after  many  months.  The  after-treat- 
ment, therefore,  consists  in  fixing  the  foot  for  several  months  in  the  new  position. 
The  most  efficient  and  convenient  brace  for  this  purpose  is  the  plaster-of-Paris 
bandage,  the  sole  being  made  unyielding  by  the  insertion  of  a  thin  board 
foot-plate  between  the  layers  of  plaster.  A  properly  fitted  shoe  is  apphed  over 
the  bandage,  and  the  patient  is  encouraged  to  walk  about,  particular  care  being 
taken  that  the  proper  attitude  is  assumed  in  walking.  Such  functional  use 
hastens  the  process  of  transformation  and  accustoms  the  patient  to  the  proper 
use  of  the  limb.  At  the  end  of  from  three  to  six  months  the  plaster  bandage 
may  be  replaced  by  a  metal  brace.  This  consists  of  a  steel  foot-plate,  pref- 
erably with  a  guard  along  the  inner  border  and  an  upright  passing  up  the 
inner  side  of  the  leg  to  the  upper  third  and  terminating  in  a  calf-band. 
This  brace  should  hold  the  foot  in  the  same  attitude  as  the  plaster,  and  it 
has  the  advantage  of  allowing  massage,  manipulation ,  and  the  voluntary  use  of 
the  muscles.  This  voluntary  exercise  is  by  far  the  most  important  means  of 
cure,  but  it  is  possible  only  when  the  transforming  process  has  assured  the  new 
articulations  and  when  sufficient  retraction  has  taken  place  in  the  elongated 
muscles  to  permit  it.  At  the  end  of  a  year  the  brace  may,  as  a  rule,  be  dis- 
carded, but  manipulation  and  exercises  should  be  continued  until  normal  function 
is  restored. 

In  the  operation  of  correction  that  has  been  described,  tenotomies  and 
di\isions  of  contracted  fascia  may  be  of  advantage  in  lessening  resistance.  In 
many  instances  it  may  be  advisable  to  di^ide  the  operation  into  tw^o  or  more 
stages,  according  to  the  resistance  of  the  tissues  and  the  duration  of  the  de- 
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Fig.  660. — Reduction  of  Varus.     (After  Lorenz.)     By  means  of  a  triangular  block  in  the  ordinary 
cases  correction  may  be  accomplished  by  the  hands  alone,  as  described  in  the  text. 


Fig.    661. — Reduction  of  Cavus.     (After  Lorenz.) 


Fig.  662. — Reduction  of  Eq,uinus.     (After  Lorenz.) 
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formity.  When,  for  example,  it  is  feared  that  further  stretching  would  en- 
danger the  circulation  of  the  skin,  the  foot  is  allowed  to  relax  somewhat  and, 
after  it  has  been  carefully  padded  to  prevent  pressure,  a  plaster  bandage  is 


I 


Fia.  663. — Illustrating  Treatment  by  Forcible  Manipulation,  and   the  attitude  in  which  the  feet  are 
*  fixed  bj'  plaster  bandages  so  that  functional  use  may  complete  the  correction. 

applied.    After  an  interval  of  one  or  more  weeks  the  process  of   correction 
is  completed. 

Manipulative  correction,  without  the  aid  of  instruments,  has  the  advantage 
of  safety,  since  pressure  of  the  hands  is  far  less  likely  than  WTenchesto  injure  the 
tissues,  but  occasionally  in  very  resistant  cases,  particularly  those  in  which  the 


Fig.  664. — The  Thomas  Wrench. 

plantar  tissues  are  contracted,  the  Thomas  wrench  may  be  employed  \Nith 
advantage.  This,  a  modification  of  the  ordinary  monkey  ^vTench,  is  placed  on 
the  inner  border  of  the  foot,  which  is  firmly  grasped  by  the  jaws,  and  it  is  then 
twisted  to  the  desired  position.  If  the  pressure  is  not  prolonged,  the  vitality 
of  the  tissues  is  not  impaired. 
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Simple  forcible  correction  by  itself,  or  as  a  preliminary  treatment,  has  the 
great  advantage  that  it  affects  all  the  tissues,  as  contrasted  with  cutting  opera- 
tions, in  which  the  correction  is  localized  at  the  point  of  incision. 

Phelps'  Operation  by  Open  Incision. — In  cases  of  the  resistant  type,  espe- 


Fig.  665. — The  Thomas  Wrench  AppHed  to  a  Case  of  Talipes  Equino-Varus. 

cially  in  older  subjects,  more  radical  procedures  may  be  required  to  correct 
the  deformity.  Of  these  the  most  conservative  is  forcible  correction  after 
complete  division  of  the  contracted  parts  according  to  the 
method  advocated  by  Phelps.  The  foot  having  been 
properly  prepared,  one  reverses  the  usual  method  and 
attempts  to  correct  the  equinus  first  by  subcutaneous 
tenotomy  and  by  force.  The  foot  is  then  turned  upon 
the  outer  side  and  an  incision  about  two  inches  in  lengt)i 
is  made  directly  downward  over  the  astragalo-navicular 
articulation,  the  incision  beginning  at  a  point  just  below 
the  level  of  the  internal  malleolus  and  about  three-quar- 
ters of  an  inch  in  front  of  it.  The  articulation  is  opened 
by  a  complete  division  of  the  ligaments,  and  the 
foot  is  then  twisted  outward  and  upward,  opening 
a  wide, deep,  wedge-shaped  wound;  all  tissues  that 
resist  this  correction,  including,  if  necessary,  the 
tendons  of  the  tibiahs  anticus  and  tibialis  posticus, 
the  plantar  fascia,  vessels,  nerves,  and  the  like, 
being  divided  as  they  appear.  Bleeding  points 
arc  sutured,  the  wound  is  covered  with  protective 
tissue  and  gauze,  and  a  light  plaster-of-Paris  band- 
age is  applied  in  the  position  of  overcorrection. 
In  ordinary  cases  the  original  bandage  remains  for  from  two  to  three  weeks. 
When  it  is  changed,  the  deep  wound  is  practically  filled  with  granulation  tissue, 


Fig.    666. — The   Deformity    Par 
tially  Corrected  by  the  Wrench. 
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and  at  the  end  of  a  month  or  more  it  is  completely  closed.  The  after-treat- 
ment by  fixation  and  protection  is  the  same  that  has  been  described.  Tlie 
particular  advantage  of  the  operation  is  that  it  permits  complete  and  rapid 
correction  of  the  most  important  part  of  the  deformit}',  nameh%  the  varus, 
at  a  single  sitting.  This  method,  however,  is  not  regarded  as  highly  as  it  was 
formerly. 

Astragalectomy. — In  certain  instances,  particularly  of  the  adult  type  of  de- 
formity, the  displaced  and  distorted  astragalus  prevents  replacement,  the  bone 


Pig.  667. — Resistant  Club-foot  in  Childhood.     A  type  in  which  the  Phelps 
operation  may  be  indicated. 

articulating  with  the  malleoli  only  at  its  posterior  aspect.  In  these  cases  the 
removal  is  ad\'isable  if,  when  the  varus  deformity  has  been  entirely  corrected 
by  force  or  by  open  incision,  it  is  impos-sible  to  force  the  foot  up  to  a  right  angle 
with  the  leg.  In  other  words,  astragalectomy  should  always  be  a  secondary 
operation. 

In  cases  of  this  character  the  astragalus  is  so  far  displaced  that  it  may  be  easily 
removed  by  a  curved  incision  extending  from  just  below  and  behind  the  external 
malleolus,  forward  and  inward  over  its  projecting  body  to  the  outer  extremity 
of  its  head.     The  Ugaments  attached  to  the  malleolus  are  di\'ided,  the  interosse- 
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ous  ligament  is  severed  with  a  thin  knife  passed  between  the  bones,  and  finally 
all  the  tissues  that  connect  the  head  of  the  astragalus  with  the  navicular.  The 
foot  is  then  forcibly  adducted,  exposing  the  head  of  the  astragalus,  which  is 
seized  with  bone-forceps  or  with  the  fingers   and   removed,   sufficient  force 


Fig.  668. — The  Taylor  Club-foot  Brace,  as  Used  to  Correct  the  Deformed  Foot  by  Leverage. 
a,  Adjusted  to  the  foot;  b,  correction  of  varus  when  the  upright  is  adjusted  to  the  leg;  c,  adhesive 
plaster  attached  to  the  brace  to  hold  it  in  position;  d,  the  brace  adjusted. 

being  exercised  to  tear  the  tissues  on  the  inner  and  posterior  surface  that  are 
not  accessible  to  the  knife  or  scissors.  The  space  thus  gained  compensates  for 
the  short  posterior  tissues,  and  the  foot  is  fixed,  with  or  without  drainage,  by 
means  of  a  plaster  bandage  in  the  overcorrected  attitude. 


Fig.  669. — Judson's  Modification  of  the  Taylor  Brace,  Consisting  of  a  light  Steel  Foot-piece  Fixed 
to  an  Upright.     This  may  be  bent  to  adjust  it  to  the  foot  in  the  attitude  of  overcorrection. 


Astragalectomy,  by  relaxing  the  tissues  and  removing  all  obstruction 
to  motion,  permits  the  extreme  degree  of  dorsal  flexion  and  relieves  the 
stiffness  at  the  ankle  that  is  so  common  in  cases  of  this  type  treated  by  other 
methods. 
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Cuneiform  Osteotomy. — In  cases  of  the  adult  type  in  which  the  deformity 
is  extreme,  it  is  sometimes  necessary,  in  order  to  make  the  foot  symmetrical, 
even  after  astragalectomy,  to  remove  a  wedge  from  the  convexity  of  the  outer 
and  upper  border  of  the  foot.  In  this  is  usually  included  the  anterior  extrem- 
ity of  the  OS  calcis.  The  deformity  ha\'ing  been  corrected,  it  is  weU  to  press 
one  or  more  sutures  through  the  adjoining  bones  to  assure  ankylosis.  A  plas- 
ter bandage  is  then  applied. 

In  all  operations  of  this  class  the  use  of  the  Esmarch  bandage  is  of  advan- 
tage in  that  it  enables  one  to  perform  the  operation  more  quickly  and  accu- 
rately. It  may  be  removed  to  allow  the  suture  of  bleeding  points,  but  this  is 
hardly  necessary,  as  the  correction  of  the  deformity,  which  insures  pressure, 
and  the  elevation  of  the  limb  check  the  hemorrhage  from  the  bones.  If  the 
operations  are  conducted  aseptically,  there  is  practically  no  danger.  Drainage 
may  be  used  or  not,  according  to  the  indications. 

As  soon  as  the  sensitiveness  has  subsided  and  the  wound  has  closed,  a  hght 
plaster  bandage  is  appUed  and  the  patient  is  encouraged  to  walk.  If  the  de- 
formity has  been  overcorrected,  there  is  but  little  tendency  for  the  foot  to 
relapse,  and  v,dth  ordinary  care  as  to  corrective  manipulation  in  the  after-treat- 
ment braces  are  not  required. 

In  cases  of  this  class,  the  object  of  treatment  is  to  make  the  foot  sym- 
metrical. Complete  restoration  of  normal  function,  as  is  possible  in  childhood, 
is,  of  course,  out  of  the  question ;  in  fact,  it  is  because  of  this  persistent  stiffness 
and  because  of  the  cessation  of  growth  that  the  danger  of  recurrence  of  de- 
formity is  comparatively  slight. 

It  may  be  noted  that  in  this  outline  of  treatment  of  club-foot  under  proper 
conditions,  functional  cure  rather  than  mere  correction  of  deformity  is  the  aim 
in  ^'iew.  Correction  of  deformity,  being  the  essential  preUminary  to  transfor- 
mation of  the  tissues,  should  be  assured  as  quickly  and  as  completely  as  possi- 
ble. This  is  opposed  to  the  former  methods,  in  which  gradual  and  partial 
correction  by  braces,  a  process  often  occupying  many  years,  was  more  gen- 
erally employed.  There  are,  of  course,  many  cases  in  which  brace  treat- 
ment with  its  accessories,  even  when  applied  in  later  childhood,  is  eventually 
successful.  It  seems  far  preferable,  however,  in  this  class  of  cases  to  restrict 
the  function  of  the  brace  to  the  simple  support  after  the  deformity  has  been 
corrected. 

Other  Forms  of  Talipes. — The  other  forms  of  congenital  taUpes,  varus, 
valgus,  and  calcaneus,  are  relatively  insignificant  in  number  and  in  importance. 
These  deformities  are  also  usually  far  less  resistant  than  ordinary  club-foot. 
In  many  instances  the  deformity  may  be  overcome  by  systematic  manipulation 
by  the  nurse  or  parent.  If  the  deformity  is  more  obstinate,  gradual  correction 
with  fixation  in  the  manner  described  may  be  employed. 

Complications  of  Congenital  Talipes.— As  has  been  stated,  in  many  instances 
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the  foot  is  smaller  than  normal  or  thicker  and  broader  in  proportion  to  its 
length.  These  imperfections  usually  become  less  marked  under  treatment  and 
with  growth.    In  some  instances  there  are  constricting  furrows  or  bands,  appar- 


FiG.  670. — Congenital  Talipes  Valgus — "Flat-foot." 

ently  due  to  amniotic  adhesions,  about  the  foot  or  Hmb,  but  these  rarely  re- 
quire treatment. 

Club-foot  sometimes  accompanies  spina  bifida,  in  which  case  actual  paral- 
ysis of  motion  and  sensation  may  in  certain  cases  be  present. 


Fig.  671. — Congenital  Talipes  Calcaneus. 

Other  forms  of  congenital  paralysis,  except  spastic  hemiplegia  or  paraplegia 
due  to  prenatal  disease  or  to  injury  at  birth,  are  uncommon.  In  certahi  in- 
stances the  limb  may  be  shorter  or  toes  may  be  lacking,  or  the  foot  may  be 
fissured  or  otherwise  malformed.  Of  this  type  the  most  important  cases  are 
those  in  which  the  bones  of  the  leg  are  absent  or  rudimentary. 
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If,  for  example,  the  fibula  is  absent,  the  foot  is  usually  in  an  attitude  of 
equhio-valgus  and  in  many  instances  the  two  outer  toes,  v\-ith  their  correspond- 
ing metatarsal  bones,  are  lacking.  There  is  often  a  sharp  anterior  angular 
bending  of  the  tibia  at  about  its  centre,  wdth  what  resembles  a  scar  at  the 
point  of  convexity.  This  was  supposed  at  one  time  to  be  a  so-caUed  intra- 
uterine fracture,  but  it  is  now  thought  to  be  a  deformity  induced  by  the  lessened 
resistance  of  the  limb. 

If  the  tibia  is  absent  or  is  rudimentary,  the  attitude  is  often  that  of  equino- 
varus,  and  the  great  toe  or  the  first  two  toes  may  be  lacldng.  In  this  class  of  cases 
the  entire  limb  is  usually  shortened,  the  shortening  being  most  marked  in  the 
leg,  but  also  apparent  in  the  thigh.  Tliis  is  more  marked  when  the  tibia 
is  absent  than  the  fibula,  and  the  disparity  increases  with  the  growth  of 
the  child. 

The  indications  for  immediate  treatment  are  to  overcome  the  deformity 
of  the  limb  and  foot  and  to  support  it  with  braces,  ^'arious  operative  proced- 
ures have  l^een  employed,  but  the  final  results  are  not  particularly  encourag- 
ing. If  the  growth  of  the  leg  is  very  much  impaired,  the  treatment  of  selec- 
tion is  to  fit  the  extremity  for  a  proper  artificial  limb. 

Tlie  ordinary  forms  of  talipes  are  not,  as  a  rule,  accompanied  by  other  de- 
formities, but  those  cases  which  are  accompanied  by  deficiency  of  bones  or 
other  tissues  are  more  often  complicated  by  malformations  of  other  parts. 

Acquired  Talipes. — In  the  description  of  congenital  taUpes  it  was  stated 
that  in  the  great  majority  of  cases  the  cure  of  deformity  implied  the  cure  of 
disability. 

In  acquired  talipes,  on  the  other  hand,  the  cause  of  deformity  is  almost 
always  paralysis,  and,  although  the  deformity  is  far  more  easily  o\'ercome  than 
when  it  is  of  congenital  origin,  a  cure  is  out  of  the  question  if  the  original  cause 
persists. 

llie  nature  of  the  paralysis  in  about  eighty-three  per  cent  of  the  cases  is 
anterior  poliomyelitis.  In  eleven  or  twelve  per  cent  it  is  due  to  cerebral  hemi- 
plegia or  paraplegia.  A  small  percentage  of  the  cases  may  be  accoimted  for 
by  neuritis  or  other  locaUzed  paralysis,  and  about  five  per  cent  are  the  direct 
or  indirect  effect  of  injury,  such  as  fracture  or  scar  contraction,  or  of  local  dis- 
ease in  which  a  portion  of  the  bone  has  been  destroyed. 

Congenital  talipes  is  far  more  common  in  males  than  in  females,  while  in 
acquired  tali{)es  there  is  but  a  slight  difference  in  favor  of  the  former  sex.  In 
acquired  talipes  the  affection  is  more  often  limited  to  one  foot,  and,  as  apjDears 
in  the  table  of  statistics,  the  equino-varus  deformity  is  relatively  far  less  com- 
mon than  are  the  congenital  cases. 


VOL.  IV.— 58 


914 


AMERICAN  PRACTICE  OF  SURGERY. 


Relative    Frequency   of  the  Different  Forms    of   Acquired   Talipes,  together  with 

THE  Etiology. 


Equino-varus  .... 

Equinus 

Calcaneus 

Valgus 

Equine- valgus  ... 
Calcaneo- valgus .  . 

Varus 

Calcaneo-cavus  . . 
Equino-cavus .... 
Calcaneo- varus ... 

Cavus 

Varo-cavus 


Deformity  different    on 
each  side 


Spinal. 


Anterior 

Polio- 
myelitis. 


479 

321 

219 

134 

114 

76 

41 

12 

22 

11 

35 

1 


1,465 


Cerebral. 


Hemi- 
plegia. 


28 
66 
3 
4 
0 
0 
2 
0 
0 
0 
1 
1 


105 


Para- 
plegia. 


35 
46 
1 
7 
5 
0 
1 
0 
0 
0 
0 
0 


95 


Other 
forms  of 
Paralysis. 


Trau- 
matic. 


29 
26 
1 
27 
3 
2 
5 
0 
2 
0 
0 
0 


95 


Total. 


575 

462 

224 

173 

122 

78 

49 

12 

24 

11 

36 

2 


1,768 
50 


Per 
cent. 


32.5 
26.1 
12.6 
9.7 
6.9 
4.4 
2.7 

1.3 

2.0 


Anterior  poliomyelitis 1,465  =  82.8  per  cent 

Cerebral 200=11.3 

Traumatic 95  =    5.3       " 


Comparative  Frequency  of  the  Different  Forms  of  Talipes,  Congenital  and  Acquired. 

Congenital.  Acquired. 

Equino-varus 77.0  per  cent  32.5  per  cent 

Valgus 7.4       "  9.7       " 

Varus : 5.1       "  2.7       " 

Calcaneo-valgus 3.1       "  4.4       " 

Equinus 2.4       "  26.1       " 

Calcaneus 1.7       "  12.6       " 


The  development  of  acquired  talipes  due  to  anterior  poliomyelitis  is  some- 
what as  follows : 

There  is  primarily  the  paralysis,  usually  more  extensive  than  that  which 
eventually  persists,  and  generally  accompanied  at  its  onset  by  more  or  less  con- 
stitutional disturbance. 

This  is  followed,  after  several  weeks  or  months,  by  a  stage  of  recovery  which 
lasts  for  six  months  or  longer,  although  in  cases  properly  treated  the  gain  in 
functional  ability  may  continue  almost  indefinitely.  This  may  be  accounted 
for  in  part  by  compensatory  hypertrophy  of  the  muscles  or  portions  of  mus- 
cles that  are  still  active,  and  in  part,  it  may  be,  by  similar  adaptation  in  the 
spinal  cord. 

The  proper  treatment  of  anterior  poliomyeUtis  implies  prevention  of  de- 
formity, since,  in  a  large  proportion  of  cases,  deformity  increases  the  disability 
due  to  paralysis. 

In  the  development  of  acquired  talipes  there  are  three  important  factors: 
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Figs.  672  and  673. — Normal  Range  of  Motion  at  the  Ankle  Joint. 


Figs.  674  and  675. — Xormal  Range  of  Motion  at  the  Medio-tarsal  and  .\stragalo-calcaneoid  Joints. 
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the  force  of  gravity,  the  action  of  the  unbalanced  muscles,  and  finally  func- 
tional use  of  the  weakened  or  deformed  member.  The  influence  of  the  force 
of  gravity  is  particularly  important  because  the  anterior  muscles  of  the  leg 
are  usually  involved  in  any  form  of  paralysis;  consequently  the  foot  sinks  into 
an  attitude  of  equinus  which  persists.  Meanwhile  the  posterior  muscles  con- 
tract in  adaptation  to  the  persistent  attitude  and  after  a  time  become  actually 
shortened.  It  is  this  adaptive  retraction,  even  more  than  active  muscular 
contraction,  that  determines  the  original  deformity.  In  most  instances  mus- 
cular contraction  and  gravity  are  combined  to  induce  deformity,  but  if  the 
posterior  leg  group  is  paralyzed,  the  anterior  muscles  retaining  their  power, 
the  two  are  then  opposed,  and  deformity  does  not  appear  until  the  part  is  used 
in  walking.  Thus,  although  equinus  usually  appears,  even  though  all  the 
muscles  are  paralyzed,  the  development  is  much  more  rapid  when  the  posterior 
muscles  are  unaffected. 

Functional  use  when  the  weight  of  the  body  falls  habitually  to  one  or  the 
other  side  of  the  centre  of  the  foot  exaggerates  the  distortion;  meanwhile 
there  is  a  natural  adaptation  of  the  tissues  and  of  the  remaining  muscular 
power  to  the  habitual  posture  and  use,  which  adapts  the  internal  structure  to 
the  distortion.  Thus,  certain  cases  of  paralytic  deformity  of  long  standing  may 
be  almost  as  difficult  to  correct  as  the  congenital  form. 

Paralytic  talipes  is  in  most  instances  an  unnecessary  deformity.  In  its 
prevention  the  following  points  are  of  importance : — 

Tlie  paralyzed  part  should  not  be  permitted  to  remain  in  the  attitude  of 
deformity,  but  should  be  regularly  rubbed — a  treatment  that  is  almost  never 
neglected, — and  passive  motion  should  be  pushed  to  the  limit  of  normal  action 
at  each  joint  several  times  during  the  day,  to  prevent  the  muscular  retraction 
that  has  been  mentioned.  It  is  of  advantage,  also,  to  support  the  part  in  the 
normal  position  by  some  form  of  simple  apparatus  during  the  stage  of  paraly- 
sis; and  if,  as  is  true  in  most  instances,  recovery  is  incomplete,  a  brace  must 
be  used  to  hold  it  in  proper  position  when  function  is  resumed.  It  is  because 
of  the  neglect  of  such  preventive  treatment  that  paralytic  talipes  is  common. 
.  The  character  of  deformity  is  dependent  upon  the  distribution  of  the  paral- 
ysis. If,  therefore,  one  is  famihar  with  the  function  of  the  muscles  he  may 
predict  accurately  the  form  of  distortion  that  must  follow.  If  all  the  muscles 
on  the  front  of  the  leg  are  paralyzed,  then  the  foot  will  sink  downward  into 
equinus.  If  the  tibialis  anticus  muscle,  the  most  powerful  of  the  dorsal  flex- 
ors and  adductors,  is  lost,  equino-valgus  will  follow.  Varus  results  from 
paralysis  of  one  or  more  of  the  peronei ;  calcaneus,  if  the  power  of  the  calf 
muscle  is  lost ;  and  between  the  well-marked  deformities  one  finds  every  grade  of 
weakness  and  distortion,  depending  on  the  damage  that  has  been  sustained 
and  upon  the  quality  of  the  protection  that  has  been  provided. 

Acquired  Talipes  Equinus-  —Talipes  equinus  is  by  far  the  most  common 
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of  the  acquired  deformities  of  the  foot.  Tlie  slighter  forms  have  already  been 
described  under  the  title  of  the  "  Contracted  Foot."  Even  marked  deformity  may 
follow  such  simple  causes  as  long  confinement  to  bed,  from  one  or  another 
cause,  the  position  of  extension  being  favored  by  the  weight  of  the  bedclothes. 
There  are  several  degrees  of  equinus,  from  shght  limitation  of  dorsal  flexion 
to  complete  extension  of  the  foot  upon  the  limb,  the  toes  even  being  fixed  in  flex- 
ion. In  the  ordinary  case  the  weight  is  borne  principally  on  the  anterior  part 
of  the  foot,  which  is  somewhat  broadened.     The  toes  are  contracted  and  the 


Fig.  676. — Talipes  Equinus  of  Paralytic  Origin,  with  Slight  Secondary  Varus. 

longitudinal  arch  is  increased  in  depth.  If  the  limb  is  shorter  than  its  fellow, 
for  which  the  extended  foot  serves  as  compensation,  there  is,  as  a  rule,  but 
little  discomfort.  In  other  instances,  however,  the  limitation  of  dorsal  flexion 
makes  the  gait  awkward  and  there  is  discomfort  whenever  tension  falls  on  the 
shortened  tissues.  Tliere  is  often  pain  about  the  contracted  plantar  fascia 
and  at  the  metatarsal  arch. 

Treatment. — In  most  instances  the  correction  of  the  deformity  is  indi- 
cated even  though  the  limb  is  short.  In  mild  cases  this  may  be  overcome  by 
mechanical  means  or  by  manipulation  under  anaesthesia;  but  if  the  deformity 
is  fixed,  division  of  the  contracted  parts  is  indicated.  The  patient  being  an- 
iesthetized,  one  first  endeavors  to  straighten  the  cavus  deformity  of  the  foot.    A 
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tenotome  is  inserted  in  the  skin  at  the  deepest  part  of  the  arch,  and  is  passed  over 
the  central  tendon  of  the  plantar  fascia,  which  is  then  divided  with  a  sawing 
motion.  If  other  bands  appear  they  are  also  divided.  A  Thomas  wrench  is 
then  applied  and  the  cavus  is,  as  far  as  it  may  be,  overcome  by  the  sudden 
application  of  force,  supplemented,  of  course,  by  forcible  manipulation.  After- 
ward the  tendo  Achillis  is  divided  subcutaneously  at  a  point  about  an  inch 
above  its  insertion.  The  foot  is  then  forced  upward  to  the  normal  limit  of 
dorsal  flexion  and  a  plaster  bandage  is  applied,  the  foot  being  protected  ade- 
quately with  cotton,  the  thickness  of  the  padding  varying  with  the  degree  of 
force  used  in  correction.  Care  must  be  taken  that  no  pressure  shall  be  exerted  on 
the  interval  between  the  severed  ends  of  the  tendon,  as  it  would  interfere  with 
the  fusion  of  the  plastic  material  of  which  the  splice  is  constructed.  Usually, 
within  a  few  days  the  patient  may  walk  about,  the  sole  part  of  the  band- 
age having  been  strengthened,  if  necessary,  by  the  addition  of  a  thin  board. 
Walking  during  the  stage  of  repair  aids  in  the  complete  correction  of  deformity 
and  hastens  the  healing  process  in  the  tendon.  If  one  prefers,  a  plastic  opera- 
tion may  be  made  on  the  tendon  and  the  ends  united  by  suture,  but,  in  my  ex- 
perience, there  is  httle,  if  anything,  to  be  gained  by  the  more  comphcated  pro- 
cedure, unless  the  deformity  is  so  extreme  and  resistant  that  the  open  incision 
is  required  to  enable  one  to  divide  other  contracted  parts.  The  operation  is, 
of  course,  simply  for  the  correction  of  deformity,  but  in  many  instances  the 
overcorrection  of  the  malposition  is  followed  by  a  surprising  gain  in  the  ability 
of  the  muscles  apparently  paralyzed,  so  that  not  infrequently  a  practical  cure 
is  attained.  If,  however^  the  anterior  muscles  are  paralyzed,  a  brace  to  sup- 
port the  foot  at  a  right  angle  with  the  limb  and  thus  to  prevent  deformity  is 
essential,  at  least  in  childhood. 

This  brace  should  be  of  the  simplest  description,  consisting  of  a  steel 
sole-plate  of  sufficient  size,  when  covered  with  a  leather  sole,  to  support  the 
foot,  and  attached  to  an  upright  passing  up  the  inner  or  the  outer  side  of  the 
leg  according  to  the  lateral  inclination  of  the  foot — the  outer  side  if  toward 
varus,  the  inner  if  toward  valgus — in  order  to  avoid  pressure  on  the  ankle. 
The  apparatus  terminates  in  a  calf -band  and  strap.  (Fig.  679.)  If  there  is 
no  joint  at  the  ankle,  the  brace  is  more  durable.  If  a  joint  is  used  it  must  be 
provided  wdth  a  catch  to  prevent  foot-drop. 

Adult  patients  often  dispense  with  braces,  and,  if  the  limb  is  several  inches 
shorter  than  its  fellow,  a  so-called  extension  shoe  fitted  to  the  foot  in  the  equinus 
attitude  may  be  employed. 

The  treatment  of  equino-varus  and  equino-valgus  deformity  is  conducted 
on  the  same  principle,  namely,  thoroughly  to  overcorrect  the  distortion  and 
to  hold  the  foot  by  means  of  a  plaster  bandage  in  this  attitude  until  the  parts 
have  become  accommodated  to  the  new  position.  Afterward  a  brace,  of  the 
nature  of  that  described,  is  to  be  used  to  support  the  foot.    If  varus  deformity 
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is  present  the  foot-plate  should  have  an  elevation  along  its  inner  border  corre- 
sponding to  the  thickness  of  the  foot,  against  which  the  foot  may  be  strapped. 
If,  on  the  other  hand,  the  inclination  is  toward  valgus,  the  elevation  may  be 


FiG.677. — ^Paralytic  Talipes  Calcaneus,  in  which  the  Secondary  Changes  are  Slight. 


Fig.  678. — Acquired  Talipes  Calcaneus,  Showing  the  Hypertrophy  of  the  Heel  and 

the  Secondary  Cavus. 

placed  on  the  outer  side.  The  leg  upright  passes  yp  the  outer  side  of  the  leg, 
and  the  attitude  may  be  still  further  assured  by  a  wide  leather  band  passing 
from  the  sole-plate  over  the  arch  and  inner  side  of  the  ankle,  and  buckled  about 
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the  upright.  A  shoe  is  then  fitted  to  the  brace,  its  inner  or  outer  border  thick- 
ened to  correspond  to  the  inclination  of  the  sole-plate,  according  as  the  deform- 
ity is  either  valgus  or  varus. 

Other  Operative  Procedures;  Tendon  Transplantation  and  Arthrodesis. — If 
the  deformity  is  equino-valgus,  caused,  as  is  often  the  case,  by  paral3''sis  of  the 
tibialis  anticus  muscle,  the  most  effective  treatment  is  the  obliteration  of  the 
medio-tarsal  joint  with  the  aim  of  preventing  lateral  deformity,  combined  with 
the  transplantation  of  the  extensor  proprius  hallucis  tendon  to  a  point  where 
it  may  act  as  a  supinator  of  the  foot  rather  than  as  a  toe  muscle.  (Consult 
also  Dr.  Stewart's  article  in  Vol.  II. 

In  all  operations  of  this  class  the  Esmarch  bandage  is  of  advantage.  As 
a  preliminary  measure,  restriction  to  normal  movement  is  overcome  by  forcible 
manipulation  combined  usually  with  tenotomy  of  the  tendo  AchilUs.  An  in- 
cision, beginning  above  the  ankle  joint  and  curving  slightly  inward  to  a  point 
just  in  front  of  the  astragalo-navicular  articulation,  should  then  be  made  in  the 
line  of  the  tibiahs  anticus  tendon.  This  joint  is  opened,  and  a  narrow  wedge  of 
bone  is  removed  from  the  adjoining  bones.  The  tendon  of  the  proprius  hallucis 
is  drawn  upward  and  divided  at  a  point  about  an  inch  from  its  insertion.  A 
hole  is  then  made  through  the  inner  third  of  the  navicular  by  means  of  a  sharp 
trocar  and  cannula,  and  the  tendon  is  drawn  through.  .The  foot  is  then  forced 
into  an  attitude  of  calcaneo-varus,  the  wedged-shaped  opening  on  the  inner 
side  being  thus  made  to  close,  and  in  this  position  the  two  bones  are  united 

with  a  strong  silk  ligature.      The  hallucis  tendon  is 
then  drawp  il<^wn  until  it  is  tense,  and  it  is  sewed 
'  upon  itpelf  with  silk. 

In  most  instances  the  tendon  of  the  paralyzed 
tibialis  is  cut  or  shortened  or  overlapped  in  order  to 
serve  as  an  aid  in  retaining  the  foot  in  proper  posi- 
tion. The  wound  is  then  closed  with  two  layers  of 
fine  catgut,  and  a  plaster-of-Paris  bandage  is  applied, 
which  should  be  worn  preferably  for  several  months, 
Fig.  679.— Judson's  Brace     and  Until  the  parts  have  become  thoroughly  consoli- 

Applied     for    Talipes   Galea-        i    .     i  •      ,  i 

jjgyg  dated  m  the  new  position. 

If  care  is  exercised  that  the  range  of  dorsal  flexion 
shall  not  become  Hmited,  braces  may  usually  be  dispensed  with.  Thickening 
the  inner  border  of  the  shoe,  and  the  use  of  a  flat-foot  brace  are,  of  course, 
indicated  if  any  tendency  toward  valgus  persists. 

On  the  other  hand,  in  cases  of  equino-varus,  due  to  paralysis  of  one  or  more 
of  the  abductor  group,  after  the  preliminary  stretching  that  has  been  described, 
an  incision  beginning  about  two  inches  above  the  joint  and  curving  downward 
and  outward  to  the  calcaneo-cuboid  junction,  is  made  on  the  front  of  the  ankle. 
A  thin    wedge   of   bone,  including   the  outer   half  of   the   astragalo-navicular 
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articulation  and  the  calcaneo-cuboid  junction,  is  made  of  such  dimensions 
that,  when  the  gap  is  closed,  the  foot  will  be  held  in  moderate  varus.  The  hal- 
lucis  tendon  is  next  separated  near  the  metatarso-phalangeal  joint  by  means  of 
an  incision  at  this  point,  is  carried  across  the  foot  beneath  the  other  tendons,  and 
is  dra^\Ti  through  a  hole  bored  in  the  cuboid  bone  or  attached  securely  to  the 
periosteum.  If,  as  in  certain  instances,  the  paralysis  of  the  abductors  is 
so  extensive  that  the  power  of  the  tibialis  antieus  nmscle  is  evidently  too 
great,  or  if  the  muscle  alone  remains  active,  its  tendon  is  split  to  include  the 
muscular  belly,  and  the  out<^r  half  is  carried  across  the  foot  to  be  attached  to 


Fig.  680. — The  Pla.ster  Bandage  with  Cork  Sole  Used  in  the  same  Case  (Fig.  678)  to  Maintain  the 
Foot  in  the  Proper  Attitude  during  the  Period  of  Repair.     (Original.) 


the  same  point.  In  most  instances  the  insertion  into  the  bone  must  be  made 
by  elongating  the  splice  somewhat  by  a  cord  of  strong  silk,  the  tendon  itself 
being  securely  sewed  to  the  periosteum  in  the  neighborhood. 

Arthrodesis. — The  principal  disability  incidental  to  paralysis  of  the  anterior  leg 
group  of  muscles  is  due  to  a  dropping  of  the  foot,  so  that  an  exaggerated  Uf ting 
of  the  knee  is  necessary  for  locomotion.  In  certain  cases,  particularly  in  those 
in  which  the  paralysis  is  complete,  the  operation  of  arthrodesis  may  be  indi- 
cated, the  object  being  to  fix  the  foot  at  a  right  angle  -with  the  leg.  For  this 
purpose,  at  least  in  childhood,  the  obliteration  of  the  medio-tarsal  joint,  as 
well  as  the  ankle  joint,  is  necessary. 

An  Esmarch  bandage  ha\dng  been  applied,  an  incision,  beginning  an  inch 
above  the  centre  of  the  ankle  joint,  is  extended  do%\-nward  on  the  dorsum  of 
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the  foot  to  about  the  middle  of  the  tarsus.  The  tissues  are  retracted  and  the 
foot  is  plantar-flexed  to  the  full  limit,  exposing  the  greater  part  of  the  astraga- 
lus. From  the  top  and  sides  of  the  bone  the  cartilage  is  removed  with  a  sharp 
narrow  knife,  and  sufficient  space  is  thus  gained  to  permit  the  removal  of  the 
greater  part  of  the  cartilage  from  the  malleoli  and  from  the  upper  surface  of 
the  joint.  A  thin  wedge  of  bone,  including  the  astragalo-navicular  and  the 
upper  part  of  the  calcaneo-cuboid  articulation,  is  cut  with  a  thin  chisel.  Then 
the  foot  is  pushed  upward  against  the  resistance  of  the  tendo  Achillis  and  the 
■cut  surfaces  are  forced  into  apposition.  The  wound  is  then  closed  and  a  plaster- 
of-Paris  bandage  is  appHed.  The  limb  should  be  kept  elevated  for  twenty- 
four  hours  to  prevent  oozing.  As  soon  as  the  sensitiveness  has  subsided,  the 
patient  is  encouraged  to  use  the  foot.  Protection,  either  by  a  plaster  bandage 
or  by  a  suitable  brace,  should  be  assured  for  a  period  of  six  months  or  longer, 
in  order  to  permit  consohdation. 

This  operation  is  of  particular  value  in  cases  of  extensive  paralysis  of  the 
limb,  for,  if  deformity  of  the  foot  can  be  prevented,  the  appliance  may  be  so 
constructed  as  to  be  less  burdensome  and  more  comfortable. 

Acquired  Talipes  Calcaneus. — Calcaneus  deformity  follows  paralysis  or  loss 
of  function  of  the  calf  muscle.  As  a  result  the  os  calcis,  deprived  of  its  sup- 
port, tends  to  assume  a  vertical  rather  than  a  horizontal  direction ;  thus  the 
projection  of  the  heel  is  lost,  the  foot  is  shortened,  and  the  arch  is  increased 
in  depth. 

Calcaneus  is  usually  a  paralytic  deformity.  If  the  calf  muscle  alone  is  para- 
lyzed, the  other  muscles  offset  the  action  of  the  dorsiflexors,  but,  as  at  the 
same  time  they  draw  upon  the  forefoot,  they  induce  or  exaggerate  the  second- 
ary cavus.  If  the  adductors  or  abductors  on  the  front  or  back  are  paralyzed 
in  addition,  the  deformity  becomes  calcaneus  varus  or  valgus. 

The  typical  deformity  caused  by  the  loss  of  the  calf  muscles  does  not  appear 
until  the  part  is  subjected  to  functional  use.  As  the  propelling  power  is  lost, 
the  patient  is,  as  it  were,  hamstrung,  and  he  stamps  about  on  the  insecure 
heel  with  a  peculiarly  awkward  and  characteristic  gait.  The  distance  from 
the  bearing  surface  of  the  sole  to  the  malleoli  is  considerably  increased.  The 
area  of  the  heel,  which  alone  supports  weight,  is  greatly  exaggerated, 
while  the  growth  of  the  remainder  of  the  foot,  which  serves  merely  as  an  ap- 
pendage, is  markedly  checked.  Thus,  in  well-developed  cases  the  dispropor- 
tion in  the  size  of  the  feet,  due  in  great  part  to  loss  of  function,  is  more  notice- 
able than  in  any  other  form  of  acquired  talipes. 

One  may  recognize,  then,  two  types  of  taUpes  calcaneus :  One — as,  for  ex- 
ample, soon  after  the  onset  of  the  paralysis — similar  to  the  congenital  form,  in 
which  there  is  but  little  deformity  except  that  due  to  the  limitation  of  plantar 
flexion  (simple  calcaneus— Fig.  677);  and  a  second  class  in  Avhich  the  second- 
ary deformity  has  been  induced  by  functional  use  (calcaneo-cavus — Fig.  678). 
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Treatment. — The  development  of  the  characteristic  deformity  is  explained 
by  the  failure  to  protect  the  weakened  member.  Preventive  brace  treatment  is, 
therefore,  very  important.  Such  a  brace  is  practically  an  upright  bar  \N-ith  a  calf 
band  and  well-padded  strap  to  pass  across  the  upper  third  of  the  tibia,  together 
with  a  strong  steel  foot-plate,  long  enough  to  reach  to  the  metatarso-phalangeal 
joints,  firmly  riveted  to  the  upright  at  a  downward  inclination  so  that  the  foot 
may  be  held  in  shght  equinus.  If  the  foot  is  inclined  to  one  or  the  other  side 
an  internal  flange  on  the  foot-plate,  as  described  under  Equinus,  is  of  advantage. 
The  brace  is  placed  inside  the  shoe,  the  heel  of  which  is  accommodated  to  the 
equinus;  straps  may  be  used,  if  necessary,  to  hold  the  foot  firmly  against  the 
brace.  This  brace  suppHes  the  resistance  necessary  in  walking,  and  with  its 
-aid  the  disabiUty  may  be  hardly  noticeable.     (Fig.  679.) 

Correction  of  Deformity. — The  correction  of  the  secondary  cavus  is  difl&cult 
because  of  the  absence  of  resistance  in  the  posterior  tissues.  The  ordinary 
operation  is  to  di%'ide  the  plantar  fascia  with  a  tenotome,  and  then  forcibly 
to  reduce  the  deformity,  as  far  as  may  be,  with  a  WTench  or  osteoclast,  after 
^shich  a  plaster-of-Paris  bandage  is  apphed. 

Tendon  Shortening. — If,  as  in  the  milder  cases,  the  deformity  is  pure  cal- 
caneus, and  if  a  certain  degree  of  power  remains  in  the  caK  muscle,  shorten- 
ing the  tendo  AcliiUis  may  be  of  value.  A  straight  incision  is  made  over  the 
tendon.  This  is  freed,  di\'ided  in  a  diagonal  direction,  overlapped  to  a  degree 
sufficient  to  hold  the  foot  in  moderate  equinus,  and  sewed  firmly  with  silk.  The 
wound  is  closed  and  a  plaster-of-Paris  bandage  is  applied.  This,  or  a  protec- 
tive brace,  must  be  worn  indefinitely,  pro\dded  the  muscle  does  not  gain  suf- 
ficiently to  perform  its  function.  Even  if  but  Httle  power  remains  it  may  be 
sufficient  to  hold  the  os  calcis  in  position  and  thus  prevent  the  secondary  cavus. 

Tendon  Transplantation. — In  cases  of  the  milder  type,  and  for  the  purpose 
of  proAading  sufficient  power  to  prevent  the  development  of  deformity,  tendon 
transplantation  may  be  employed.  If,  for  example,  the  foot  is  inclined  toward 
varus  one  may  lessen  the  tendency  toward  adduction  by  transplanting  the 
tibiafis  posticus  tendon ;  or,  if  it  is  incUned  toward  valgus,  one  or  both  of  the 
peroneal  tendons  may  be  used.  If  no  lateral  deformity  is  present,  one  or  more 
of  the  tendons  from  both  sides  may  be  transplanted. 

The  operation  is  essentially  simple.  A  long  incision  is  made  over  or  on  one 
or  the  other  side  of  the  tendo  AchiUis ;  the  tendons  behind  the  inner  or  outer 
malleolus  are  thoroughly  freed  from  their  sheaths,  di\'ided  and  passed  through 
the  periosteal  insertion  of  the  tendo  AchiUis,  drawn  to  the  proper  degree  of 
tension,  and  sewed  firmly  with  silk,  or  preferably  a  hole  may  be  made  in  the 
OS  calcis  below  the  insertion,  and  through  this  hole  the  tendon  may  be  passed. 
The  tendo  AchiUis  is  then  shortened  and  the  wound  is  closed.  A  protective 
brace  must  be  worn  indefinitely. 

Arthrodesis. — When  the  movement  of  a  joint  cannot  be  controUed,  arthro- 
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desis  may  be  indicated.  This  operation  is  of  particular  value  when  the  second- 
ary deformity  of  the  foot  is  slight.  The  ankle  joint  may  be  opened  from  the 
front,  back,  or  side.  Opening  it  from  the  back  has  the  advantage  that  it  permits 
shortening  of  the  tendo  Achilhs.  The  most  thorough  operation  is  the  lateral. 
A  curved  incision  is  made  beneath  the  external  malleolus  and,  the  ligaments 
having  been  divided,  the  foot  is  forcibly  dislocated  inward,  the  joint  thus  being 
thoroughly  exposed.  The  cartilage  having  been  removed,  the  foot  is  restored 
to  its  normal  position  and  the  wound  is  closed. 

After  the  operation  of  arthrodesis,  the  foot  should  be  supported  for  a  long 
time,  for  in  childhood  the  bones  are  in  great  part  cartilaginous,  and  firm  anky- 


FiG.  681. — An  x-ray  Picture  of  the  Case  represented  in  Fig.  678,  showing  the  Relations  of  the 
Bones  of  the  Leg  to  those  of  the  Tarsus  After  the  Operation,  also  the  Contour  of  the  Foot.  (See  Fig. 
682.)     (Original.) 

losis  is  very  difficult  to  attain,  at  least  firm  enough  to  withstand  the  adverse 
leverage  that  falls  upon  the  foot. 

Operations  for  Advanced  Deformity  ;  The  Author's  Operation. — If  the  sec- 
ondary deformity  of  cavus  is  well  marked,  if,  in  other  words,  the  os  calcis  has 
assumed  the  vertical  position,  the  deformity  being  of  the  character  of  the  Chi- 
nese foot,  and  particularly  if  it  is  inclined  laterally,  a  more  radical  operation  is 
indicated. 

The  first  step  is  the  removal  of  the  astragalus  because  the  uncontrolled 
movement  above  and  below  it  is  the  principal  cause  of  the  insecurity  of  the  gait. 
A  long  curved  incision  is  made  from  a  point  just  anterior  to  the  tendo  Achillis, 
below  the  outer  malleolus,  to  the  front  of  the  joint.  The  sheaths  of  the  peronei 
tendons  are  exposed,  and  the  two  tendons,  having  been  thoroughly  freed  from 
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their  sheaths,  are  di^^ded  as  far  forward  as  possible  and  are  retracted.  The 
lateral  ligaments  are  then  severed,  and  the  foot  is  forcibly  displaced  inward; 
when  the  attachments  about  the  head  and  body  of  the  astragalus  are  cut  it 
may  be  easily  removed.  A  thin  section  of  bone  is  removed  from  the  outer 
aspect  of  the  adjoining  os  calcis  and  cuboid  bones,  and  on  the  inner  side  the 
calcaneo-navicular  ligament  is  separated  from  the  navicular  to  pro^^de  space 
for  the  internal  malleolus.  The  cartilage  is  then  removed  from  the  malleoli,  and 
they  are  reshaped,  if  necessary,  to  adjust  them  to  their  new  positions.  The 
peronei  tendons,  pro%dded  the  muscles  are  active,  are  attached  to  the  insertion 
of  the  tendo  Achilhs  or  passed  through  a 
hole  bored  in  the  os  calcis,  and  are  made 
fast  with  strong  sutures.  This  part  of  the 
operation  is  of  particular  value  when  valgus 
deformity  is  present.  The  entire  foot  is 
then  displaced  backward,  so  that  the  de- 
nuded malleoU  overlap — on  the  outer  side 
the  calcaneo-cuboid  junction,  and  on  the 
inner  the  posterior  border  of  the  navicular. 
This  displacement  restores  the  projection 
of  the  heel  and  increases  the  stability  of 
the  foot,  by  preventing  lateral  distortion 
and  by  lessening  the  adverse  leverage. 
Tlie  wound  is  then  closed  ■s\'ithout  drain- 
age, and  the  foot  is  fixed  in  moderate 
equinus  by  a  plaster  bandage.  This  or 
a  brace  should  be  worn  for  many  months. 
By  this  operation  the  symmetry  of  the 
foot  is  restored  and  its  stability  is  so  in- 
creased that  in  many  instances  apparatus 
may  be  dispensed   with.     If  the  anterior 

muscles  are  of  undiminished  power,  it  may  be  advisable  to  lessen  their  strength. 
For  example,  the  tendon  of  the  tibiaUs  anticus  may  be  transplanted  to  the  os 
calcis  just  in  front  of  the  malleolus,  so  that  it  would  be  comparatively  ineffi- 
cient as  a  dorsal  flexor. 

It  may  be  noted  that  tendon  transplantation  is  a  subordinate  part  of  the 
operation,  for  it  must  be  apparent  that  no  combination  of  weak  muscles  can 
replace  the  calf  muscle,  which  is  at  least  six  times  as  powerful  as  all  the  others 
combined.  The  removal  of  the  cartilage  probably  adds  somewhat  to  the  sta- 
bility of  the  foot  after  this  operation,  but  it  does  not  cause  ankylosis. 

TMien  the  brace  is  discarded,  a  strong  shoe  pro^dded  with  a  wedge  of  cork  as 
an  inner  sole  will  support  the  foot  in  moderate  equinus  and  compensate  some- 
what for  the  shortened  Umb,  which,  in  cases  of  this  class,  is  usually  considerable. 


Fig.  682. — Illustrating  the  App)earance  of 
the  Foot  after  the  Author's  Operation  for 
Talipes  Calcaneo-valgus. 
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Talipes  Valgus. — In  rare  instances  the  tibialis  posticus  muscle  is  alone 
paralyzed,  and,  as  a  result,  the  foot  as  a  whole  assumes  the  position  of  valgus. 
In  such  cases  the  principal  antagonist,  the  peroneus  brevis,  may  be  utilized  to 
replace  it. 

This  will  necessitate  several  incisions:  one  about  an  inch  above  the  pos- 
terior aspect  of  the  external  malleolus,  to  isolate  the  muscle ;  a  second  at  the 
insertion  of  the  tendon  at  the  cuboid  bone  in  order  to  divide  it.  The  tendon 
is  then  drawn  backward  and,  thoroughly  separated  from  its  sheath,  is  passed 
beneath  the  tendo  AchilHs.  A  third  incision  behind  the  internal  malleolus 
exposes  the  tibialis  posticus  tendon  to  which  the  grafted  tendon  is  securely 
sewed  with  silk  at  sufficient  tension  to  hold  the  foot  in  slight  adduction.  It 
is  advisable  to  elongate  the  peroneus  tendon  with  a  strong  band  of  silk  and  to 
attach  it  to  the  internal  border  of  the  navicular  also.  This  wiU  necessitate  a 
fourth  opening. 

A  less  complicated  but  less  satisfactory  procedure  is  to  separate  a  narrow 
section  from  the  internal  border  of  the  tendo  Achillis,  including  a  portion  of 
the  muscle,  and  to  attach  this  in  the  same  manner  as  described.  It  is  less  satis- 
factory, because  it  does  not  remove  at  the  same  time  an  opposing  force. 

The  wounds  are  then  closed  and  the  foot  is  fixed  in  an  attitude  of  slight 
varus  for  several  months.  In  many  instances  a  fiat-foot  brace  may  be  neces-' 
sary  to  prevent  recurrence  of  deformity. 


TUBERCULOUS  DISEASE  OF  THE  SPINAL  COLUMN, 
AND  THE  DEFORMITIES  RESULTING  THEREFROM. 


By  CLARENCE  L.  STARR,  M.D.,  Toronto,  Canada. 

Nomenclature. — In  the  English  language  tuberculous  disease  of  the  spine 
is  variously  known  as  Pott's  disease,  caries  of  the  spine,  kyphosis,  antero- 
posterior curvature,  and  angular  curvature. 

Ill  the  French  it  is  called  mal  de  Pott,  mal  vertebral,  gibhosite,  or  kyphose. 

In  the  German  it  is  designated  Spitzbuckel,  anguldre  Ruckgratsverknimmung, 
or  Knickung  der  Wirhelsdide. 

Historical  Sketch. — ^Antero-posterior  curvature  is  known  to  have  ex- 
isted on  this  continent  in  prehistoric  times,  as  is  shown  by  a  specimen  of 
Indian  remains  in  the  Peabody  Museum,  Cambridge,  Mass.  That  it  was  known 
to  the  ancients  is  undoubted,  and  Hippocrates  described  the  condition  and 
recognized  that  a  relation  existed  between  this  and  various  lung  affections. 
In  the  commencement  of  the  eleventh  century  Avicenna  mentions  the  condition, 
and  in  1585  it  is  more  freely  described  by  Ambroise  Pare. 

It  was  not,  however,  until  1779  that  the  knowledge  of  this  disease  was 
materially  advanced.  Percival  Pott,  of  St.  Bartholomew's  Hospital,  London, 
after  a  careful  study  of  the  disease,  gave  an  accurate  description  of  the  patho- 
logical condition  which  existed,  and  described  it  as  a  caries  of  the  spine. 

No  further  advance  was  made  until  Delpech  and  Nelaton  in  1836  recognized 
the  disease  as  a  tuberculous  condition  and  identical  \nth  that  existing  in  the 
lungs.  There  was  apparently  a  difficulty  in  defining  clearly  what  tubercle 
really  was,  but  a  satisfactory  conclusion  was  arrived  at  by  Cohnheim,  who  de- 
scribed as  tuberculous  only  those  conditions  which  when  inoculated  into  properly 
constituted  animals  produced  tuberculosis.  This  view  was  accepted  by  Mr- 
chow,  Rokitansk}%  and  others. 

Koester  in  1869  made  another  step  in  advance  when  he  described  the  histo- 
logical structure  of  a  tubercle  as  made  up  of  a  giant  cell,  with  nuclei  at  one  end, 
this  being  surrounded  by  lymphoid  cells. 

It  was  not,  however,  until  1882,  when  Koch  gave  his  discovery  to  the  world, 
that  the  tubercle  bacillus  was  known  to  be  the  specific  cause  of  the  tubercle, 
and  then  the  last  link  was  added  to  the  chain. 

Anatomical  Considerations. — The  vertebral  column  is  a  flexible  column 
forming  the  central  axis  of  the  body  and  is  situated  in  the  median  line  of  the 
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trunk  at  its  posterior  aspect.  At  its  upper  end  it  supports  the  head,  in 
the  middle  portion  it  has  attached  the  ribs,  through  which  it  carries  the 
weight  of  the  upper  extremities,  and  at  the  lower  end,  through  the  sacrum,  it 
transmits  the  w^eight  of  the  trunk  to  the  lower  extremities.     Thus  it  is  seen  that 

if  trauma  may  have  a  part  in  the  causation  of 
tuberculous  diseases  of  bones  and  joints,  the 
disease  of  the  spine  should  increase  in  frequency 
from  above  downward,  as  the  weight  trauma  on 
the  spine  is  obviously  increased  from  above 
downward. 

The  spine  is  not  a  straight  rod,  but  is  made 
up,  as  when  seen  in  profile,  of  a  series  of  curves. 
(Fig.  683.)  This  naturally  adds  to  its  elasticity, 
but  increases  the  difficulty  of  weight-bearing. 
The  two  primary  or  intra-uterine  curves  are  the 
dorsal,  and  the  pelvic  or  sacral  curves,  corre- 
sponding to  the  two  cavities  of  the  body,  the 
thorax  and  the  pelvis.  These  backward  curva- 
tures go  to  the  making  up  of  an  increased  ca- 
l)acity  in  these  two  cavities. 

The  secondary  curves  with  the  convexity 
forward  are  the  cervical  and  the  lumbar  ones. 
These  are  undoubtedly  compensatory  in  char- 
acter and  go  to  establish  the  equilibrium  or 
proper  poise  of  the  body.  They  appear  during 
the  first  year  of  life,  the  lumbar  a  permanent 
curve,  the  cervical  a  curvature  which  is  obliter- 
ated b}^  the  dropping  of  the  chin  on  the  chest. 
These  curvatures  are  made  up  not  so  much  by  a 
wedge  shape  of  the  bodies  of  the  individual  ver- 
tebrae (Fig.  684)  as  by  variation  in  thickness  of 
the  intervertebral  discs  (Fig.  685).  This  allows 
the  weight  to  be  transmitted  evenly  from  body 
to  body  through  the  entire  column. 

The  study  of  these  curves  is  of  importance 
in  determining  what  happens  during  recum- 
bency. In  a  normal  individual,  if  supine  on  a 
flat,  unyielding  surface,  the  backward  curvature 
of  the  dorsal  spine  should  prevent  any  pressure  on  the  bodies  of  the  vertebra?,  and 
if  the  spine  be  hyperextended  there  should  be  produced  a  decided  tendency  to 
separation  of  the  individual  bodies.  This  shows  the  method  of  safeguarding  the 
bodies  of  the  spine  which  are  carious  and  on  the  verge  of  collapsing  from  pressure. 


Fig.  683. — Normal  Spine.    Showing 
physiological  curves.     (Morris.) 
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The  botlies  of  the  individual  vertebrae  are  largely  made  up  of  cancellous 
tissue  ^^'ith  a  veiy  thin  layer  of  compact  tissue  all  around  it.  The  cancellous 
tissue  is  arranged  with  stria*,  in  a  sj^stematic  fashion,  the  striations  running,  as 
can  be  seen  on  vertical  section  (Fig.  686),  from  above  downward  in  a  more  or  less 
curved  manner,  with  the  concavity  toward  the 
centre.  The  fibres  rumiing  horizontally  are  also 
evenly  arranged,  the  striations  being  slightly 
curved,  with  the  convexity  toward  the  centre. 
(Fig.  687.)  This  cancellous  structure,  together 
with  the  gi'eater  blood  supply,  determines  the 
commencement  of  tuberculous  disease  in  the 
bodies  rather  than  in  the  arches  of  the  ver- 
tebrae; these  latter  being  made  up  ahnost  en- 
tirely of  compact  tissue  and  with  a  relatively 
smaller  blood  suplpy. 

Pathology. — Gross  Appearance. — The  en- 
trance of  the  tubercle  bacillus  into  the  body 
of  the  vertebra  is  the  commencement  of  a 
rarefying  or  degenerative  osteitis  which  is  ex- 
actly similar  to  that  in  the  epiphyseal  ends  of 
long  bones.  The  disease  is  almost  wholly  con- 
fined to  the  bodies  or  cancellous  tissue,  partly 
owing  to  the  greater  blood  supply  to  this  part, 
and  partly  to  the  lessened  resisting  power. 
This  disease  appears  much  more  frequently  in 
children  than  in  adults,  and  is  undoubtedly 
due  to  the  same  cause,  viz.,  the  greater  blood 
supply  to  the  growing  bone  and  the  lessened 
resisting  power  as  compared  with  the  bone 
of  the  adult.  The  laminae,  and  the  articular, 
transverse,  or  spinous  processes,  are  rarely 
affected  either  primarily  or  secondarily. 

The  commencing  osteitis  appears  to  the 
naked  eye  as  a  hyperaemic  spot  in  the  spong}'' 
bone,  usually  near  its  anterior  sui-face.  This 
reddened  spot  gradually  increases  in  size,  and, 
as  in  the  ordinary  process  of  inflammation,  the  blood  supply  to  its  centre  is 
cut  off  by  the  leucocytes  blocking  the  arterioles,  resulting  in  a  necrosis  of  the 
central  area.  The  central  necrotic  spot  appears  opaque  and  gradually  dis- 
integrates, forming  the  caseous  focus  so  characteristic  of  tuberculous  osteitis. 

With  the  caseation  and  breaking  down  of  the  central  area  the  whole  picture 
of  a  tuberculous  focus  is  complete :    The  central  caseous  cavity  contains  some 
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Fig.  684. — Frozen  Section.  Show- 
ing varying  thickness  of  interverte- 
bral  discs.     (Starr.) 
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liquid,  the  result  of  chemical  changes  produced  by  the  toxins ;  then  the  caseous 
bony  detritus,  mixed  with  dead  leucocytes,  makes  up  the  contents  of  a  bone 
abscess  (Fig.  688) ;  this  abscess  cavity  is  lined  with  a  layer  of  granulation  tissue 
which  is  a  protection  layer  to  a  greater  or  less  extent;  and  finally  there  is  a  zone 
of  simple  inflammatory  products — thus  making  up  the  complete  pathological 
condition.  The  tuberculous  material  may  be  absorbed  or  encapsulated  at  this 
stage  and  the  disease  become  quiescent  or  cured,  but,  as  much  more  frequently 
happens,  it  increases  in  extent  until  the  whole  body  of  the  bone  is  involved  and 
collapses  under  the  superincumbent  weight  above  the  diseased  point.    (Fig.  689.) 


Ligamcntuni  longitudinale  posterius 


Ligamentum  flavum 


Nucleus  pulposus 


Fibrocartilago 
intervertebralis 


Ligamentum  interspinals 

;  Processus  spinosus 


Ligamentum 
^»"supraspinale 


Ligamentum  su{)raspinale 
Fig.  685. — Section  of  Normal  Spine.      Showing  wedge  shape  of  discs.     (Spalteholz.) 


This  crushing  in  of  the  vertebral  body  tips  the  trunk  forward,  and  at  the  same  time 
crowds  the  spinous  process  backward,  producing  the  sharp  angular  projection 
seen  in  the  early  stages.  The  intervertebral  discs  act  as  a  check  to  the  disease 
to  a  certain  extent,  but  they  soon  give  way  to  the  activity  of  the  process  and 
become  fibrillated,  disintegrate,  and  disappear.  The  two  bodies  next  in  contact 
are  invaded,  caseate,  and  give  way,  and  the  angular  projection  is  increased  to 
three  spines  instead  of  one.  Thus  the  disease  may  extend  through  a  series  of 
vertebrse,  sometimes  as  many  as  twelve  being  diseased,  with  enormous  deform- 
ity of  the  spine  and  thorax  resulting. 

If  the  disease,  instead  of  commencing  as  a  focus  in  the  anterior  portion 
of  the  body,  commences  in  the  lateral  portion  of  that  body,  it  is  obvious  that 
the  body  will  crush  in  at  the  side,  and  a  scoliosis  or  lateral  deviation  may 
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result,  ^^ith  little  or  no  backward  displacement  at  the  start.  This  is  to  be 
borne  in  mind  in  making  a  diagnosis,  as  it  would  be  a  calamity  to  treat  such 
a  case  as  one  of  ordinary-  scoliosis. 

The  caseation  of  the  bodies  results  usually  in  an  abscess  which  soon  escapes 
by  crowding  forward  the  prevertebral   hgaments,  and  forms  a  pouch  beyond 

Above 


Right 


Left 


Below 
Fig.  686. — Vertical  Section  of  Body  of  Vertebra.     (Spalteholz.) 

the  confines  of  the  bony  stmcture.  The  ultimate  condition,  in  cases  which 
are  arrested  or  cured,  is  one  of  fusion  of  the  bodies  which  have  been  ciiished 
together,  resulting  m  ank}-losis,  partially  fibrous  and  partially  bony.    That 

In  front 


Left 


Right 


Behind 
Fig.  687. — Horizontal  Section  of  Vertebral  Body.     (Spalteholz.) 


a  complete,  bony  ankylosis  does  occur  is  shown  in  some  museum  specimens. 
(Fig.  690.) 

Histological   Structure. — The  tubercle  bacillus  causes  certain  definite 
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histological  changes  to  take  place  in  the  tissues,  resulting  in  the  formation  of 
a  "tubercle."  In  the  centre  of  this  tubercle  is  situated  a  giant  cell  with  its 
multiple  nuclei.     These  nuclei  are  usually  arranged  in  a  crescentic  manner 

about  one  end  of  the  cell,  although  they 
may  occasionally  be  distributed  more  or 
less  irregularly  through  its  substance. 

Surrounding  the  giant  cell  is  a  layer 
of  ''epithelioid"  cells,  so  called  from 
their  form.  These  are  larger  than  the 
leucocytes  and  make  up  the  bulk  of 
the  tubercle. 

Again,  on  the  outside  of  this  layer 
is  a  simple  inflammatory  zone  of  small 
round  cells.  These  are  the  leucocytes. 
The  epitheHoid  and  small  round  cells 
are  arranged  in  a  reticulum  which  is 
made  up,  according  to  some  observers, 
of  a  previously  existing  connective  tis- 
sue, into  which  the  cells  have  simply 
infiltrated  themselves.  Others  are  in- 
clined to  think  of  the  reticulum  as  made 
up  of  processes  of  the  epithelioid  cells. 
The  reticulum  often  becomes  quite 
dense  at  the  periphery  of  the  tubercle, 
forming  a  sort  of  membrane  around  it. 
A  few  tubercle  bacilli  are  found  in  the 
giant  cells  and  in  the  epithelioid  cells, 
but  none  in  the  inflammatory  or  leu- 
cocyte zone.  The  paucity  of  bacilli 
demonstrable  in  these  tubercles  is  some- 
times thought  to  be  due  to  a  peculiarity  of  the  bacillus  in  bony  tissue,  and  to 
a  difference  in  the  way  it  takes  the  stain.  The  vascular  supply  is  very  poor, 
if  indeed  there  can  be  said  to  be  any  at  all.  As  a  consequence  there  is  a 
constant  tendency  to  fatty  degeneration  and  caseation  in  the  tubercle.  This 
is,  of  course,  very  much  more  marked  when  a  coalescence  of  a  number  of  tu- 
bercles has  taken  place.  The  blood  supply  to  the  central  ones  will  obviously 
be  cut  off,  and  the  caseation  or  necrosis  already  spoken  of  will  more  readily 
take  place.  In  some  instances  lime  salts  are  deposited  freely  in  the  degener- 
ating tubercles,  and  a  cure  by  calcification  takes  place. 

Compensatory  Lordosis. — With  the  giving  way  of  the  body  of  the  verte- 
bra, the  portion  of  the  trunk  above  the  diseased  i3art  will  l)en(l  forward,  and  a 
stooped  attitude  will  result.     In  order  to  regain  the  equilibrium  and  to  place 


Fig.  688. — Caseation  of  Body  of  Vertebra  with 
Bone  Abscess.      (Joachimsthal.) 
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the  head  over  the  centre  of  gravity  a  backward  bendiug  of  the  upper  trunk 

must  take  place.     This  is  assisted  by  the  contraction  of  the  long  muscles  of 

the  spine  which,  acting  over  the  kyphus 

as  a  fulcrum,  tend  to  bow  backward 

the   upper  and  lower  segments.     The 

lordosis  takes  place  at  the  expense  of 

the  compression  and   expansion  of  the 

inter\'ertebral  discs  and  stretching  of 

the  prevertebral  ligaments. 

Changes  in  the  Thor.ix. — If  the 
disease  be  in  the  doi"sal  region,  there  are 
marked  changes  in  the  thorax  varying 
with  the  location  of  the  disease.  With 
upper  dorsal  disease,  the  ribs  are  in- 
clined dowTiward  very  sharply,  and  ap- 
proximated to  the  spine,  the  antero- 
posterior diameter  of  the  thorax  being 
diminished.  (Fig.  691.)  With  a  kj^^hosis 
in  the  lower  dorsal  region,  and  a  conse- 
quent compensatory  lordosis  of  the  up- 
per dorsal  region,  the  reverse  picture 
will  be  presented.  (Fig.  692.)  The 
ribs  are  Ufted  up  and  become  more 
nearly  horizontal.  The  antero-posterior 
diameter  of  the  thorax  is  exagger- 
ated, the  sternum  is  prominent,  and 
the  chest  is  constantly  in  the  posi- 
tion of  forced  inspiration;  so  much 
so,  that  the  chest  movements  of  respu^a- 
tion  are  to  a  greater  or  less  extent 
aboHshed,  and  the  respiratoiy  move- 
ments are  largely  carried  on  by  the  dia- 
phragm. 

Pelvic  Changes. — In  lower  lum- 
bar cUsease  or  disease  of  the  lumbo- 
sacral junction,  the  angle  of  the  pehis 
is  altered  so  that  the  symphysis  is 
brought  nearer  the  ensiform  cartilage; 
the  abdomen  is  shortened,  and  the 
abdominal  parietes  bulge  forward  to 
accommodate  the  contents.  The  pehis  assumes  the  kyphotic  shape,  the 
antero-posterior  diameter   being  usually  lengthened  and   the    transverse  di- 


FiG.  689. — Collapse  of  Vertebral  Body  Producing 
Knuckle  of  Deformity.     (Joachimsthal.) 
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ameter  shortened.     This  makes  accouchement  very  difficult  in  the  kyphotic 
individual. 

ViscERA-L  Changes. — The  deformity  of  the  spinal  column  produces  some 
secondary  changes  in  the  internal  organs.     The  lungs  and  heart  are   seldom 

affected,   except  as  to   position, 

even  in  severe  deformities.  The 
aorta,  being  attached  closely  to 
the  spine,  suffers  most,  and  in 
some  instances  the  kinking  of 
this  vessel  is  so  great  as  to  inter- 
fere with  the  perfect  blood  sup- 
ply to  the  lower  extremities. 
(Fig.  693.)  Owing  to  the  fact  that 
the  vena  cava  is  less  intimately 
attached  to  the  spine,  while  it  is 
frequently  altered  in  its  course, 
stenosis,  or  even  partial  obstruc- 
tion of  the  vessel,  rarely  occurs. 
The  oesophagus  is  sometimes 
pouched  by  reason  of  the  deform- 
ity, and  occasionally  all  of  these 
structures  are  pushed  forward  by 
an  abscess.  Any  interference  with 
the  abdominal  organs  is  uncom- 
mon, although  rupture  of  an  ab- 
scess into  any  of  the  hollow  vis- 
cera may  occur,  as  instanced  by  the  case  of  a  child  in  the  Hospital  for  Sick 
Children,  Toronto,  in  which  a  psoas  abscess  ruptured  into  the  ccecum,  with  only 
imperfect  drainage,  and  a  subsequent  operation  established  a  faecal  fistula. 

Spinal-Cord  Changes. — The  tuberculous  process  in  the  vertebra  may  ex- 
tend backward,  through  the  posterior  ligament,  into  the  neural  canal,  and, 
by  invasion  of  the  cord  membranes  and  pressure  on  the  cord,  a  paraplegia 
may  result.  Bollinger  in  seven  hundred  cases  of  spinal  caries  found  forty- 
one  cases  of  paraplegia,  or  a  httle  over  five  per  cent.  In  the  Hospital  for  Sick 
Children,  Toronto,  in  ninety  cases  there  were  seven  cases  of  paraplegia.  Taylor 
and  Myers,  in  some  two  thousand  cases  in  the  New  York  Orthopedic  Hospital, 
found  paraplegia  in  about  thirteen  per  cent.  This  is  undoubtedly  high,  and 
about  five  per  cent  would  represent  the  average  occurrence. 

The  paraplegia  is  due  in  nearly  all  cases  to  pressure  from  thickening  of  the 
membranes  and  rarely  to  direct  bony  pressure,  for  even  in  cases  of  great 
deformity  there  is  no  marked  lessening  in  the  size  of  the  neural  canal.  Occa- 
sionally an  abscess  may  form  from  the  posterior  surface  of  the  body  of  the  ver- 


FiG.  690. — Severe    Deformity   with    Fusion  of   Several 
Vertebrae.     (Joachimsthal.) 
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tebra,  or  a  nodule  of  bone  or  sequestrum  may  be  extruded  into  the  canal  (Fig. 
694),  and  by  direct  pressure  cause  paresis.  The  common  cause,  however,  is  a 
slow  process  of  extension  of  the  disease  into  the  membranes,  producing  a  pachy- 
meningitis, and  this  increased  gi'anulation  tissue  makes  direct  pressure  on  the 
cord.  The  pach}Tneningitis  may  produce  an  interference  with  the  blood  and 
lymph  channels  and  a  consequent  oedema  which  may  increase  the  pressure  on 
the  cord  structure. 

The  dura  mater  is  very  resistant  to  the  attack  of  tubercle  bacilli,  and  this, 
no  doubt  accounts  for  the  fact  that  the  spinal  cord  is  rarely,  if  ever,  the  seat 
of  tuberculous  disease. 

The  constant  pressure  may  cause  an  atrophy  of  the  cord  substance  and  an 
increase  of  the  interstitial  stroma,  leading  to  an  ascending  or  descending  de- 
generation, with  ultimately  more  or  less  perma- 
nent sclerosis.  The  recuperative  power  of  the 
cord,  however,  is  very  great,  and  restoration  may 
take  place,  even  after  some  years. 

Abscess. — In  possibly  fifteen  per  cent  of  aU 
cases  of  tuberculous  disease  of  the  spine,  an  ab- 
scess results  which  can  be  demonstrated  clini- 
cally ;  while  post-mortem  examinations  show  a  very 
much  larger  percentage. 

The  abscess  of  tuberculous  disease  is  in  reality 
a  cyst,  starting  primarily  in  the  bone  and  formed 
by  the  coalescence  of  a  number  of  tubercles  which 
caseate  and  break  down,  as  previously  described. 
This  constitutes  the  so-called  "bone  abscess." 
The  abscess,  however,  rarely  limits  itself  to  the 
bone;  the  anterior  ligaments  of  the  spine  become 
infected,  and,  in  breaking  down,  they  allow  the 
escape  of  the  abscess  contents  into  the  soft  stinic- 
tures;  then,  following  the  line  of  least  resistance, 
the  abscess  enlarges,  involving  more  and  more 
of  the  soft  structures  in  the  infection  as  it  proceeds. 
That  the  abscess  of  tuberculous  disease  is  a  sterile 
one,  at  its  commencement  and  for  a  great  while 
afterward,  is  amply  proven  by  bacteriological  ex- 
amination. For  example,  it  has  been  our  custom  in 
the  orthopedic  semceof  the  Hospital  for  Sick  Chil- 
dren, Toronto,  to  make  an  examination,  by  smear  and  culture,  of  the  contents  of 
everj'  abscess  opened,  and  it  has  never  been  found  yet  that  unopened  abscesses, 
unless  the  skin  is  invaded,  contain  any  other  organism  than  the  tubercle  bacillus. 
This  is  of  the  greatest  importance  in  considering  the  treatment  of  the  condition. 


Fig.  691. — Flattening  of  Thorax 
in  High  Dorsal  Disease.  (Von 
Bergmann.) 
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The  abscess  content  is  made  up,  in  addition,  of  a  liquefied  portion,  due  ap- 
parently to  the  chemical  action  of  the  toxins  of  the  tubercle  bacilli  on  the  tissues; 
floating  in  this,  is  a  mass  of  caseous  material  made  up  of  necrotic  bone  or 
soft  tissue,  the  appearance  of  which  is  characteristic.  Around  this,  again,  is  a 
zone  of  granulation  tissue,  which  contains  the  active  tubercles.  It  is  in  this 
zone  that  the  disease  advances  to  other  structures;  and  the  constant  invasion 
and  breaking  down  of  new  structures  result  in  new  debris  being  added  to 
the  abscess. 

The  outer  zone  of  the  abscess  is  a  simple  inflammatory  layer  and  is  made  up 
of  leucocytes  and  epithelioid  cells.     This  is  to  a  certain  extent  a  protective 


Fig.  692. — Showing  Elevation  of  Ribs  in  Disease  of  the  Lower  Dorsal  or  Lumbar  Vertebrse.     (Von 

Bergmann.) 

layer,  antagonizing  tlie  advance  of  the  tuberculous  process.  The  abscess  at 
times  remains  quiescent,  or  is  partially  absorbed,  and  thus  tends  to  spon- 
taneous cure;  on  the  other  hand,  it  much  more  frequently  tends  to  advance 
toward  the  skin  surface  and  open  spontaneously.  This  soon  results  in  a  mixed 
infection,  and  such  infection  is  the  commencement  of  a  chain  of  symptoms^ 
septic  hi  character,  which  are  much  more  serious  than  the  original  condition. 

Etiology. — The  essential  cause  of  tuberculous  spondylitis  is,  of  course^ 
the  tubercle  bacihus,  as  pointed  out  by  Koch.  It  finds  its  way  to  the  body 
of  the  vertebra  through  the  blood  stream.  Its  entrance  into  the  blood  stream 
is  nearly  always  through  some  primary  focus,  most  frequently  located  in  the 
cervical,  mediastuial,  bronchial,  retroperitoneal,  or  mesenteric  lymph  nodes. 
This  is  so  largely  the  case  that  one  may  almost  make  the  dogmatic  statement 
that  tuberculous  disease  of  bone  is  always  secondary  to  some  focus  elsewhere 
in  the  body. 
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The  autopsy  findings  of  some  of  the  German  surgical  clinics  have  shown 
that  a  large  proportion  of  patients  dying  of  various  diseases  give  e\idences 
of  some  focus  of  tuberculosis.  This  has  given  rise  to  the  Gennan  axiom, 
"Jederman  hat  ein  bischen  Tuberculose."  As  pointed  out  by  StiU,  however, 
the  bacillus  may  find  direct  entrance  to  the  blood  stream  through  the 
intestinal  villi,  or  possibly  more  frequently  thi-ough  the  crj'pts  of  the  tonsils. 
Occasionally  direct  infection  may  take  place  through  an  open  wound.  The 
statistics  of  Wullstein,  of  Halle,  as  to  the  relative  proportion  of  cases  of 
tuberculous  spondyhtis  to  general  surgical  diseases  are  interestmg  in  this 
connection. 

He  finds  in  100,000  surgical  cases  in  the  surgical  clinic  at  Halle  365  cases, 
or  0.36  per  cent,  of  tuberculous  cUsease  of  the  spine,  and,  collecting  the  statis- 
tics of  other  surgical  clinics,  he  finds  that  the  result  then  stands  as  follows : 

Surgical  Tubercu-      Pcr- 

Author.  Diseases.  losis  of        cent- 

Spine,  age. 

Beuthner ^ 78,297  280  0.36 

Billroth 4,100  61  1.5 

Hoffa 67,919  142  0.21 

Lorenz 32,424  251  0.75 

Mohr 4,520  76  1.68 

Wullstein 100,000  365  0.365 

Total 287,260         1175         0.40 

Thus,  in  a  general  surgical  clinic  we  find  the  proportion  of  cases  of  spinal 
tuberculosis  relatively  large,  and  in  a  children's  surgical  clinic,  such  as  is  found 
in  the  Hospital  for  Sick  Children,  Toronto,  the  percentage  is  much  larger, 
as  the  great  majority  of  these  spinal  lesions  occur  during  the  earUer  years  of 
life. 

Age. — Pott's  disease  may  occur  at  any  period  from  infancy  to  old  age. 
Several  children  under  two  years,  at  present  in  the  Toronto  hospital,  show  well- 
marked  tuberculous  disease;  and  Thorndike  collected  115  cases  under  two  years 
of  age  from  the  records  of  the  Boston  Children's  Hospital.  The  great  bulk 
of  cases  occur  during  the  first  decade,  and  the  following  table  of  Wullstein. 
shows  that  only  14.7  per  cent  occur  after  the  twentieth  year: 


Authors. 

Xo. 

of 

cases. 

Tears. 

1-5          6-10         1-10       11-15    16-20 

!                  1 

11 720 

1-20 

20-30 

30-50 

Over 
50 

Dracbmann . 

Mohr 

Vulpius 

Wullstein . . . 

161 

96 
365 

66=41*      58=36* 
21  =  29*      16=22* 
44  =  46'?      25  =  26* 
144  =  39  5    83=22* 

124=77*  22=13* 
37=51*  16=22* 
69=72*      8=  8* 

227=62;{  139=10* 

8=  5* 
12=  16. 7* 

4=  4* 
27=  7.4 

30=18  7 
28=38.7 
12=12* 
66=18* 

154=957 
65=89  7 

81  =  84* 
293=80.3 

7=4.3* 
5=7* 

7=7* 
35=9.6 

2=28* 
6=6* 
24-^6.6* 

i=ii!e 
2=2.2* 

13=3.6* 

Total 

695 

275=39  6.182=28  2j4o7=65  8  I  85=12  2 

51=  7.3   136=19.5  593=85.3  54=7.8 

32=4.6 

16=2.3 

Sex. — There  seems  to  be  little  difference  in  the  liability  of  the  two  sexes  to 
the  disease.  The  greater  possibility  of  trauma  in  the  male  is  offset  by  the  gener- 
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ally  weaker  resisting  force  in  the  female.     In  a   collection  of  6,951  cases  by 

Wullstein  he  finds  3,704,  or  53.29  per  cent,  males,  and  3,247,  or  46.71  per 

cent,  females. 

Heredity. — The  part  played  by  heredity  is  variously  estimated  by  different 

authors.     For  instance.  Waterman  and  Jaeger  found  a  hereditary  history  in 

about  10  per  cent  of  1,000  cases.  On  the  other 
hand,  Gibney,  in  185  cases,  found  a  previous  his- 
tory of  tuberculosis  in  76  per  cent.  In  a  series 
of  315  cases  of  general  bone  tuberculosis  in  the 
Hospital  for  Sick  Children,  Toronto,  there  were 
131,  or  41  per  cent,  who  gave  a  distinct  history 
of  tuberculosis  somewhere  in  the  near  rela- 
tives, while  73,  or  23  per  cent,  had  tuberculous 
parents. 

From  these  various  statistics  one  may  infer 
that  a  large  percentage  of  children  are  directly 
infected  with  tuberculous  disease  from  parents. 
Some  have  handed  down  to  them  a  predisposition 
to  tuberculous  disease,  or  a  lessened  resistance  to 
the  invasion  of  the  tubercle  bacillus. 

Trauma. — Ej-ause  has  demonstrated  experi- 
mentally that  by  wrenching  or  bruising  the 
joint  of  an  animal  previously  inoculated  with 
the  tubercle  bacillus,  the  tuberculous  disease 
will  usually  a})pear  at  the  injured  point.  In 
a  large  number  of  cases  of  disease  of  the  spine  a 
distinct  history  of  injury  is  to  be  obtained,  so 
one  concludes  that  the  localizing  cause  of  the 
disease  is  a  jar  or  twist,  together  with  the  super- 
incumbent weight.  The  immediate  cause  is  the 
lowered  resistance  of  the  individual  who  is  thus 
unable  to  withstand  the  invasion  of  the  disease. 
Localization    of  Disease. — Any  of  the   vertebral   bodies   are   subject   to 

attack,  but  the  lower  dorsal  region  is  the  most  frequently,  and  the  cervical 

the  least  frequently  attacked. 

Thus  in  the  series  collected  by  Wullstein  there  were  3,481  cases :  of  these 

468,  or  13.4  per  cent,  were  in  the  cervical;  1,932,  or  55.5  per  cent,  were  in  the 

dorsal;  and  1,081,  or  31.1  per  cent,  were  in  the  lumbar  region. 

In  a  series  of  1,271  cases  from  the  Hospital  for  Ruptured  and  Crippled, 

New  York,  the  location  was  as  follows:   Cervical  100,  dorsal  854,  lumbar  317. 

The  fact  that  there  are  more  vertebra3  in  the  dorsal  than  in  cither  the  cervical  or 

lumbar  region,  would  naturally  account  for  a  greater  number  of  cases  in  this 


Fig.  693. — Distortion  of  the 
Aorta  from  Crushing  Down  of  Ver- 
tebra;.    (Bradford  and  Lovett.) 
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region.  The  greater  amount  of  cancellous  tissue  in  the  lower  than  in  the 
upper  spine  would  lead  one  to  expect  more  cases  in  the  lower  region.  The 
greatest  factor,  however,  is  the  possible  traumatism,  as  one  finds  the  greatest 
number  of  cases  at  the  hinge  regions,  the  region  from  the  tenth  dorsal  to  the 
first  lumbar  being  much  more  frequently  attacked  than  any  other. 

Sjnmptoms. — In  tuberculous  disease  of  joints,  irrespective  of  location, 
muscular  spasm,  producing  Hmitation  of  motion,  is  the  characteristic  and 
earliest  symptom.  Pott's  dis- 
ease is  no  exception  to  this  rule. 
The  deformity  is  the  most  prom- 
inent or  most  noticeable  symp- 
tom, but  this,  being  clue  to  de- 
struction of  the  vertebra?,  must 
be  a  process  of  weeks  or  months, 
and  must  be  preceded  by  symp- 
toms of  weakness  or  disability. 
For  a  long  time  the  deformity 
was  looked  on  as  the  impor- 
tant and  diagnostic  feature  of 
Pott's  disease,  and  even  at  the 
present  time  the  diagnosis  is  not 
frequently  made  before  the  de- 
formity appears.  It  should  be 
generally  understood  that,  while 
many  difficulties  may  present 
themselves,  the  diagnosis  of 
Pott's  disease  before  deformity 
appears  is  both  possible  and 
easy.  It  is  of  the  utmost  im- 
portance that  an  early  diagnosis 
should  be  made,  for  once  the 
deformity  appears  we  can  scarce- 
ly hope  for  its  recession,  and  it 
is  only  by  the  greatest  care  that 

we  can  prevent  it  from  becoming  greater.  Gibney  has  truly  said  that  an 
early  diagnosis  is  the  best  treatment. 

The  spinal  column  has  a  double  function,  that  of  weight-beaiing  and  to 
serve  as  a  hollow  channel  for  the  transmission  of  the  spinal  cord.  It  neces- 
sarily follows  that  any  severe  destructive  process  of  this  column  must  inter- 
fere with  the  first  function,  and  will  produce  pain,  weakness,  and  an  alteration 
in  the  attitude  or  gait,  and  may  produce  changes  in  the  nervous  system  by 
pressure  or  extension  of  the  disease  into  the  nem'al  canal. 


Fig.  694. — Breaking  Down  of  Vertebral  Body,  with  Press- 
ure of  Abscess  up>on  the  Cord.     (Joachimsthal.) 
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Muscular  Rigidity. — With  the  commencement  of  the  disease  there  come 
the  reflex  muscular  spasm,  and  the  fixation,  or  Hmitation  of  motion,  over  a 
small  area  at  the  diseased  point,  the  short  muscles  of  the  back  alone  taking  part 
in  the  process.     This  limitation  of  motion  may  be  noticed  only  as  a  slight 

break  in  the  normal  contour  of  the 

spine  in  bending;  i.e.,  the  child  may 
still  stoop  in  a  natural  way,  but  in- 
stead of  the  normal,  evenly  rounded 
curve  of  the  back  from  the  sacrum 
to  the  occiput,  there  is  a  point  at 
which  the  curvature  has  flattened 
out  to  a  slight  extent.  Eventually, 
as  the  disease  progresses,  the  fixation 
becomes  more  extensive,  until  the 
whole  nmsculature  of  the  spine  is 
acting  to  prevent  any  movement. 
The  extent  and  intensity  of  the 
muscular  fixation  furnish  an  indica- 
tion of  the  acuteness  of  the  disease. 
The  muscular  rigidity  is  notice- 
able variously  in  different  portions 
of  the  spine.  In  the  cervical  region 
the  head  is  fixed  so  that  little  or  no 
motion  takes  place  in  any  direction,  (Fig.  695.)  The  child  turns  the  whole  body 
in  attempting  to  look  at  any  object  at  the  side. 

In  the  dorsal  region  the  act  of  stooping  is  interfered  with;  and  instead  of 
bending  over  to  pick  up  an  object,  the  child  squats  down,  bending  knees  and 
hips,  but  keeping  the  spine  I'igid.  (Figs.  696  and  697.)  This  peculiar  method 
of  stooping  to  pick  up  an  object  is  very  characteristic  of  the  acute  stage  of 
Pott's  disease.  The  rigidity  is  demonstrable  also  by  placing  the  child  face 
downward  on  a  flat  surface  and  lifting  the  feet.  In  the  normal  spine  an  even 
curve  from  heels  to  occiput  is  seen  (Fig.  698) ;  in  the  diseased  spine  a  flatness 
of  the  back  occurs  (Fig.  699). 

The  rigidity  of  the  lumbar  spine  shows  itself  in  a  manner  similar  to  that 
observed  in  the  dorsal;  but  there  is  frequently  also  a  marked  hollowness  of  the 
spine  at  this  point. 

Attitude  and  Gait. — The  characteristic  attitude  of  a  child  suffering  with 
Pott's  disease,  both  in  standing  and  in  walking,  is  due  in  part  to  the  mus- 
cular fixation,  and  in  part  to  the  effort  of  nature  to  protect  a  sensitive  spine 
from  jar. 

The  gait  is  one  of  carefulness,  and  unnaturalness  or  awkwardness,  instead 
of  the  free  and  easy  gait  of  a  healthy  child.     The  walk  is  on  the  toes  to  a  large 


Fig.  695. — Attitude  in  Cervical  Disease.     (Whitman.) 
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extent,  with  heels  touching  the  floor  very  gently,  to  avoid  the  concussion  in- 
cident to  a  "heel"  walk. 

If  the  disease  is  in  the  high  eenical  region,  the  head  is  tilted  backward, 


IFiG.  696. — Showing  Comparison  of  Xormal  and  Diseased  Spine  in  Attempt  to  Stoop.    ( Joachimsthal.) 


Fig.  697. — Showing  Act  of  Stooping  Completed,  in  Child  with  Normal  and  Child  with  Diseased 

Spine.     (Joachimsthal.) 
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with  the  chin  elevated  (Fig,  700),  thus  reheving  the  pressure  on  the  bodies  of 
the  vertebrae  by  carrying  the  weight  back  to  the  articular  processes.  The- 
head  is  often  supported  by  the  hands  (Fig.  701),  and  the  child  is  frequently  found 
stretched  out  on  the  floor  to  relieve  the  diseased  vertebra  of  superincumbent 
weight.  Wry-neck  may  develop  from  cervical  Pott's  disease;  this  is  sometimes 
due  to  unecjual  muscular  spasm  on  the  two  sides,  and  sometimes  undoubtedly 
due  to  disintegration  of  the  lateral  portions  of  the  bodies  of  the  vertebrae ,  thus 
allowing  the  spine  to  sink  to  one  side  instead  of  directly  backward. 

In  the  dorsal  and  upper  lumbar  regions,  the  attitude  is  again  an  unnatural 
one,  that  of  over-erectness,  the  so-called  military  attitude  of  Pott's  disease. 


Fig.  698. — Showing  Flexibility  of  the  Normal  Spine.     (Starr.) 

The  abdomen  is  protuberant,  the  shoulders  are  thrown  well  back,  and  all  the 
movements  are  careful  and  guarded.  The  child,  instead  of  playing  freely  as 
others  do,  tires  easily,  frequently  stands  with  the  hands  upon  the  knees,  with 
knees  and  hips  flexed  (Fig.  701),  thus  carrying  the  weight  of  head  and  upper 
trunk,  through  the  arms,  to  the  lower  extremities.  A  very  common  position 
for  a  child  to  assume,  with  disease  in  this  region,  is  to  He  on  its  stomach  across; 
a  chair  or  across  the  parent's  knees.    In  attempting  to  rise  from  a  stooping 
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Fig.  699. — Showing  Rigidity  and  Flatness  of  Diseased  Spine.     (Starr.) 


position  the  child  cHmbs  up  himself  by  placing  one  hand  after  the  other  on  knee 
and  thigh.     In  the  sitting  posture  the  hands  are 
placed  flat  on  the  floor  with  the  arms  straight,  to 
help  support  the  spine  (Fig.  703). 

In  the  lumbar  region  the  hollowness  of  the  spine 
and  the  protuberance  of  the  abdomen  are  more 
marked  than  in  the  dorsal  region.  There  is  also 
a  peculiar  sidling  or  shuflfling  gait  which  is  char- 
acteristic in  disease  of  this  region.  In  not  a  few 
cases  a  side  tilting  of  the  body  is  present,  with 
flexion  of  the  thigh  and  leg,  the  toes  only  touch- 
ing the  floor.  This  is  due  to  spasm  of  the  psoas 
and  iliacus  muscles  and  is  usually  the  forei*unner 
of  a  psoas  abscess. 

Paix. — Pain  in  Pott's  disease  is  a  very  vari- 
able sjTuptom.  It  is  usually  present,  but  varies 
from  a  sensation  of  weakness  or  weariness  to  a 
severe  type  of  girdle  pain.  The  pain  is  due  to 
pressure  on  the  nerve  roots  as  they  emerge  from 
the  inten^ertebral  foramina.  The  pressure  is  very 
exceptionally  caused  directly  by  bone,  but  in 
nearly  all  cases  it  depends  upon  the  inflamma- 
tory thickening  of  the  meninges,  ^^ith  more  or 
less  oedema.  This  irritation  of  the  nerves  induces 
a  pain  referred  to  the  peripheral  ending,  and  for         f  °:  70o.-Characteristac  Atti- 

,  ,  ,  ^  tude  m  Disease  of  the  Cervical 

that  reason  the  pain  is  misleading,  and  the  disease      Vertebrse.    (Whitman.) 
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of  the  spine  is  consequently  apt  to  be  overlooked.     Depending  on  the  location  of 
the  disease,  the  pain  appears  as  a  neuralgia  in  the  neck  or  upper  extremities, 


Fig.  701. — Supporting  the  Head  on  the  Hands  in  Disease  of  the  Cervical  VertebrjE.     (Whitman.) 

if  the  location  is  in  the  cervical  region ;  as  a  pain 
over  the  sternum  and  chest,  or  as  a  girdle  pain 
in  the  upper  abdomen,  if  in  the  dorsal  region; 
and  as  a  sciatic  pain  in  lumbar  disease. 

The  referred  pain  of  Pott's  disease  is  as  char- 
acteristic as  the  referred  knee  pain  in  hip-joint 
disease,  so  that  a  careful  examination  of  the 
spine  should  be  made  in  all  cases  of  persistent 
stomach  ache  or  pain  in  the  chest  or  extremities. 
A  pain  continuing  for  some  time,  reheved  by 
position,  should,  especially  in  children,  at  once 
arouse  suspicions  of  a  diseased  spine,  and  should 
not  be  considered  as  colic  or  "growing  pains." 
There  is  another  tj^pe  of  pain  sometimes  found, 
which  is  of  the  same  character  as  the  "night 
cry"  of  hip-joint  disease.  The  nmscles  of  the 
spine  which  arc  in  a  state  of  tonic  spasm,  or  as 
is  commonly  stated  are  "on  guard,"  to  protect 
the  diseased  area,  relax  during  sleep,  and  then 
Fio.  702. -Characteristic  Attitude  movement  of  the  patient  incites  the  spasm 

m  Pott  8    Disease  of   Dorsal   Spine.  . 

(Joachimsthai.)  and   the  musclcs   come   "on  guard"   again  so 
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abruptly  as  to  jar  the  diseased  portion,  and  a  sharp  pain  is  the  resuh.  The 
pain  is  often  producti^-e  of  a  typical  ''night  cry"  or  shriek,  which  may  awaken 
the  patient  only  temporarily.  He  drops  off  to  sleep  again  only  to  repeat  the 
process  at  frequent  intervals  during  the  night.  This  night  pain  is  readih'  re- 
lieved b}'  fixation  of  the  spine  in  a  plaster  jacket  or  by  the  position  of  hy- 
perextension  on  a  frame  or  cuirass.  Pressure  over  the  spines  of  the  diseased 
vertebra^  does  not  ehcit  pain,  so  no  information  is  to  be  gained  that  will  assist  in 
diagnosis  by  any  percussion  of  the  spines,  as  is  so  often  practised.  Tlie  disease 
being  located  in  the  body  of  the  vertebra*,  with  the  spines  and  lamimr  free, 


Fig.    703. — Supjiorting  the  Spine  by  the  Anns.     (Joaehimsthal.) 

one  should  not  expect  any  pain,  and  yet  the  fact  that  pressure  on  any 
vertebral  spine  does  not  produce  pain  is  often  taken  to  mean  that  no  disease 
is  present. 

Deformity. — The  deformity  is  the  commonest  and  most  characteristic, 
although,  as  will  be  reacUly  understood,  not  by  any  means  the  earliest,  symptom 
of  tuberculous  spondylitis.  In  the  early  stage  it  is  usually  sharply  angular  and 
projects  directly  backward  as  a  knuckle,  one  spinous  process  extending  distinctly 
beyond  the  othei"s.  As  more  of  the  bocUes  are  invaded  and  become  broken 
down,  their  spines  project  backward  with  the  primaiy  knuckle  leading.  (Fig. 
704.)  Tliere  is  some  slight  compensatory  lordosis,  above  ami  below,  which  makes 
the  kyphus  still  more  prominent.     In  the  later  stages  of  the  disease,  when  the 
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tuberculous  process  is  cured  or  quiescent,  the  angularity  of  the  kyphus  grad- 
ually disappears,  and  a  rounded  prominence  results.     (Fig.  705.) 

In  this  way  it  is  seen  that  the  appearance  of  the  kyphus,  i.e.,  its  sharp  or 
rounded  character,  is  an  indication  of  its  acute  or  quiescent  character.  This 
is  not  absolute;  for  in  some  cases,  where  the  focus  of  disease  starts  in  the  epi- 
physeal edge  of  the  body  and  in- 
^^ades  the  intervertebral  disc  (Fig. 
706).  the  disease  may  be  acute  and 
the  resulting  deformity  appear  more 
rounded  than  angular.  In  some 
cases  also  of  disease  in  the  upper 
dorsal  vertebrae,  the  kyphus  may 
be  quite  rounded,  resembling  very 
largely  in  appearance  the  postural 
curve  of  ''round  shoulders."  Suffi- 
cient attention  has  not  been  drawn 
to  the  fact  that  the  deformity  of 
Pott's  disease  is  not  always  back- 
ward. If  the  focus  of  disease  com- 
mence in  the  lateral  portion  of  the 
body  instead  of  in  the  anterior,  the 
knuckling  of  the  vertebrae  will  be 
shai'ply  to  the  side,  and  a  lateral 
deviation  will  result.  (Fig.  707.) 
This  must  be  ever  kept  in  mind 
when  examining  cases  of  lateral 
curvature,  as  sometimes  patients 
with  Pott's  disease  who  presented 
this  lateral  deviation  have  been 
treated  by  active  gymnastics  with 
most  disastrous  results.  There 
ought  to  be  no  difficulty  in  differentiating  these  conditions,  for  besides  the  lim- 
itation of  motion  in  the  spine  and  the  sharpness  of  the  curve  to  the  side,  there 
is,  as  pointed  out  by  I^ovett,  no  rotation  of  the  spine  in  Pott's  disease,  i.e.,  the 
lateral  curvature  is  a  true  lateral  deviation. 

In  the  disease  of  the  last  lumbar  vertebral  body,  with  crushing  in  of  its 
substance,  there  may  be  a  forward  displacement  or  sharp  lordosis  of  the  spine 
at  this  point  on  account  of  the  fixity  of  the  sacrum,  and  thus  one  sees  frequently 
in  this  condition  a  sharp  recession  or  hollow  point  above  the  prominent  first 
sacral  spine. 

The  deformity  may  vary  from  the  small  knuckle  of  a  single  vertebra  to 
the  enormous   hunchback  involving   nearly  all  of  the  doi"sal  vertebra).     This 


Fig.  704. — Deformity  with  Extensive  Disease  Fairly- 
Acute.     (Starr.) 
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huge  dcfoniiity  is  fortunately  not  so  common  in  these  recent  days  as  fonuerly, 
owing,  no  doubt,  to  earlier  diagnosis  and  more  efficient  treatment. 

Complications. — Abscess. — One  of  the  symptoms,  which  may  be  looked 
upon  as  a  complication  of  Pott's  disease,  in  that  it  is  not  always  present,  and 
is  in  a  degree  preventable,  is  the  abscess. 

That  it  is  a  dangerous  compUcation  is  undoui)ted,  for  while  it  is  considered 
by  some  surgeons  as  only  a  symptom  of  a  serious  disease  and  therefore  worthy 
of  but  a  passing  notice,  yet  in  the  mind  of 
the  author  it  is  respon.sible  for  the  great  bulk 
of  the  deaths  that  occur  in  the  course  of  tu- 
berculous disease  of  the  spine.  For  this  reason, 
a  fuller  consitleration  than  may  seem  at  first 
warranted  in  a  necessarily  Umited  article,  is 
given  to  the  causation,  course,  and  treatment 
of  this  complication.  The  fonnation  and  con- 
tents of  a  true  tuberculous  abscess  have  been 
consitlered  under  the  pathological  stmcture 
(see  page  930) ;  hence  a  brief  mention  is  all 
that  is  necessaiy  here  of  the  special  symptoms 
which  appear  coincidently  with  the  abscess 
under  certain  conditions,  and  the  s)Tnptoms 
which  follow  the  abscess  in  special  locations. 

An  abscess  of  small  dimensions,  (.leeply 
buried  in  the  tissues,  ^^^ll  contain  in  practi- 
cally all  instances  only  the  tubercle  bacillus 
as  a  definite  organism.  The  contents  of  such 
an  abscess  are  sterile,  so  far  as  the  presence 
of  any  other  organism  is  concernetl.  This 
type  of  abscess  is  iimocuous  and,  contrary  to 
the  usual  teaching,  the  temperature  of  the 
patient  will  not  be  elevated  in  the  evening  be- 
yond the  normal  range.  In  the  Hospital  for 
Sick  Children,  Toronto,  the  author  has  noted 
in  a  series  of  cases  the  temperature  charts  of 
healthy  children,  such  as  those  with  club-feet 
and  bow-legs;  of  children  with  tuberculous 
disease  of  bones  without  abscess  apparent,  and  of  children  with  tuberculous 
disease  complicated  with  abscess,  and  they  all  show  a  similar  temperature  chart, 
with  no  more  variation  froni  the  normal  in  one  class  than  in  the  other. 

If  this  abscess  remains  uninfected  and  shows  no  signs  of  increasing  in  size, 
but  on  the  contrary  tends  to  decrease  by  absorption  of  its  contents,  then  the 
disease  will  run  its  course  as  would  a  case  without  abscess.     If,  on  the  other 


Fig.  705. — Roundetl  Deformity  in 
Long-standing  Pott's  Disease,  Show- 
ing also  the  Elevation  of  the  Ribs  in 
Lower  Dorsal  Disease.     (Joachimsthal.) 
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Fig.  706. — Disease  Commencing  in  Epipliyseal  Edge  of 
Vertebral  Body  and  Showing  little  Deformity.  (Joa- 
chimsthal.) 


hand,  the  abscess  enlarges,  and, 
moving  along  the  line  of  least 
resistance,  approaches  the  skin 
surface  or  opens  spon,taneously, 
an  infection  of  the  cavity  with 
staphylococci  or  streptococci 
will  almost  certainly  take  place, 
and  one  sees  the  usual  chain  of 
symptoms  supervene  which  al- 
ways follow  a  mixed  infection, 
viz.,  the  temperature  is  elevat- 
ed several  degrees  in  the  eve- 
nings, the  patient  shows  a  hectic 
flush  in  the  cheeks  and  begins 
to  lose  appetite  and  ambition, 
night  sweats  appear,  in  fact  all 
of  the  symptoms  are  those  of 
sepsis.  If  a  fistula  has  been 
established,  the  abscess  cavity 
will  continue  to  discharge  in- 
definitely; and  amyloid  changes 
in  the  viscera,  particularly  in  the  kidneys  and  liver,  will  appear.  The  author 
has  yet  to  see  a  case  of  amyloid  degen- 
eration in  tuberculous  bone  disease  in 
w^hich  there  has  not  first  been  a  mixed 
infection.  It  is  to  be  noted  that  while  the 
chief  source  of  this  mixed  infection  is  un- 
doubtedly from  a  spontaneous  rupture  of 
the  abscess,  yet  infection  may  take  place 
through  the  blood  stream  while  the  ab- 
scess is  yet  deeply  situated ;  or,  as  is  more 
usual,  the  abscess  becomes  infected 
through  contact  with  the  crypts  of  the  se- 
baceous glands  as  it  approaches  the  skin. 
In  either  case  the  onset  of  the  mixed  in- 
fection is  noted  bj-  the  change  in  the  tem- 
perature chart  from  the  normal  range  to 
that  of  septic  character.  This  shows  the 
imperative  need  of  interference  with  an 
abscess  exhibiting  definite  symptoms  of 
enlargement  and  approach  to  the  sur-     „     ^,^.,     _,       t  .     i  t^    •  *■     o 

'-'  '  '  I'IG.  707. — Sharp  Lateral  Deviation  Somotinics 

face,  in  order  to  keep  the  cavity  sterile.  Found  in  Pott's  Disease.     (Starr.) 
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The  abscess  shows  somewhat  Aaiying  syiiiptonis  and  appearance  depend- 
mg  upon  its  location.  In  disease  of  the  occipito-atlantal  joint  the  abscess  has 
been  known  to  wander  up  through  the  foramen  lacerum  ix)sterius  and  cause 
thrombosis  of  the  lateral  sinus,  (v.  Bergmann.)  Generally  an  abscess  of  either 
of  the  first  two  cei"\'ical  vertebrae  will  appear  under  the  mucous  membrane  of 
the  phaiynx  as  a  retrophaiyngeal  abscess  (Fig.  708),  and  symptoms  of  ob- 
struction to  nasal  respiration  apjiear.  The  little  patient  breathes  with  the 
mouth  open  and  talks  with  a  nasal  twang. 

In  the  middle  of  the  cer^^cal  region,  from  the  third  to  the  fifth  vertebra, 
the  abscess  may  also  show  as  a  retrophaiyngeal  or  retro-oesophageal  abscess; 


Ostium  pharyngeum  tubae 


Tonsilla  phaiynge* 


Abscessus  retro- 
pharynj. 


Fig.  70S. — Retropharyngeal  Abscess.     (After  Zuckerkandl.) 


but  much  the  commoner  location  is  to  find  the  abscess  perforating  the  deep 
fascia  and  appearing  in  the  neck  either  just  in  front  of  or  just  behind  the 
stenio-mastoid  muscle.  The  abscess  in  this  region  may  cause  compression  of 
the  brachial  plexus  and  consequent  pain  in  the  upper  extremity. 

The  vertebral  arteiy  has  been  eroded  by  an  abscess  of  the  cervical  verte- 
brae. In  the  lower  cervical  and  upper  doi-sal  regions,  the  abscess  follows  the 
anterior  hgaments  of  the  spine  and  develops  to  a  greater  or  lesser  extent  in  the 
posterior  mediastinum  behind  the  oesophagus  and  under  the  arch  of  the  aorta. 
Abscesses  of  this  region  rarely  show  any  symptoms,  although  they  have 
been  described  (Joachimsthal)  as  causing  sufficient  pressure  on  the  oesophagus 
and  trachea  to  obstruct  breathing  and  to  require  a  tracheotomy  for  relief. 
"^The  wanderings  of  an  abscess  in  this  region  may  be  veiy  extensive.  It  may 
follow  the  aorta  downward  through  the  aortic  opening  in  the  diaphragm,  along 
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the  descending  aorta,  branching  with  the  common  and  external  iliac  arteries, 
and  appear  under  Poupart's  ligament.     The  abscess  of  the  dorsal  vertebrae 

may  also  follow  the  course  of  the  intercostal  vessels, 
and  appear  at  any  portion  of  the  posterior  or  lateral 
chest  wall. 

In  the  disease  of  the  last  two  dorsal  and  all  the 
lumbar  vertebra?  the  abscess  not  infrequently  points 
above  the  crest  of  the  ilium  posteriorly,  as  a  lumbar 
abscess  (Fig.  709),  but  the  common  type  is  the  psoas 
abscess.  This  follows  the  psoas  muscle  downward  un- 
der Poupart's  ligament  (Fig.  710)  to  its  insertion  in 
the  lesser  trochanter,  and  here  may  burst  through 
the  psoas  sheath  and  infiltrate  the  tissues  of  the  inner 
side  of  the  thigh  (Fig.  711). 

The  commencement  of  a  psoas  abscess  causes 
characteristic  symptoms,  even  before  any  thickening 
may  be  palpated.  The  thigh  is  slightly  flexed,  and 
rotateil  inward,  and  the  patient  bends  to  the  affected 
side. 

The  method  of  testing  for  psoas  abscess  is  to  place 
the  patient  face  downward  on  a  hard  surface;  and, 
after  flexing  the  leg  on 
the  thigh,  an  attempt 
is  made  to  hypcrextend 
the  thigh.  (Fig.  712.) 
In  the  normal  child 
the  thigh  will  extend 
about  fifteen  degrees, 
but  in  psoas  contraction  no  such  hyperexten- 
sion  is  possible. 

Paraplegia. —  The  thickening  and  oedema 
of  the  membranes  of  the  cord,  due  to  secon- 
dary extension  of  the  tuberculous  process  from 
the  bodies  of  the  vertebra\,  produce  in  some 
cases  a  compression  myelitis  and  ultimately  a 
sclerosis  of  the  cord,  which  result  in  paraple- 
gia. This  compression  is  rarely  due  to  direct 
bony  pressure,  and  consequently  the  paraplegia 
may  occur  in  cases  with  very  slight  deformity. 
In  one  case  admitted  into  the  Hospital  for 
Sick  Children,  Toronto,  the  paraplegia  was  the  first  symptom  which  the  parents 
noted,  no  deformity  having  yet  presented  itself.     As  one  would  exjject  from  the 


Fig.   7(;9. — Lumbar  Abscess. 
(Joacliimstlial.) 


Fig.  710. — Double  Psoas  Abscess. 
(After  Paletta.) 
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narrowness  of  the  neural  canal  in  the  tloi"sal  region,  the  large  percentage  of 
cases  of  paraplegia  is  found  in  disease  of  the  dorsal  vertebne;  next  to  tliis 
they  occur  in  the  cervical  region,  and  rarely 
are  any  cases  found  in  the  lumbar  region. 

The  symptoms  accompanying  this  com- 
plication are  markeil  spastic  rigidity  of  the 
muscles  of  the  lower  extremities,  exaggera- 
tion of  skin  and  patellar  reflexes,  and  ankle 
clonus.  The  sensation  is  usually  normal,  and 
the  ]:>ladder  and  bowels  are  rarely  affected. 

Diagnosis.— ,\n  early  diagnosis  is  abso- 
lutely essential  if  a  recovery  of  function  in 
the  spine  is  to  be  hoped  for.  Tliis  early  tU- 
agnosis  also  results  in  a  great  saving  of  time 
in  which  recoveiy  may  take  place:  and  it 
may  eliminate  the  suffering  and  permanent 
disability  which  result  if  a  diagnosis  is  not 
made  until  the  later  severe  destructive  stages 
have  been  reached.  Tlie  \\Titer  is  convinced 
that  a  large  proportion  of  the  cases  of  Pott's 
disease  which  have  been  o^•erlooked,  or 
wrongly  diagnosed  as  '*  gi'owiug  pains,"  "  rheu- 
matism,' or  ''strain,''  would  have  been  de- 
tect etl  or  at  least  suspected,  if  a  careful 
and  systematic  examination  had  been  made. 
Therefore,  one  would  urge  that  in  all  cases 
of  children  presenting  themselves  with  a 
hLstoiy  of  persistent  abdominal  pain,  a  pe- 
culiarity of  attitude  or  gait,  or  a  complaint 

of  being  easily  tireil,  a  careful  examination  of  the  spine  should  be  made  with 
the  child  stripped  of  all  clothing. 

One  other  general  statement  should  be  bonie  in  mind,  that  an  absence  of 
pain  does  not  necessarily  mean  an  absence  of  Pott's  disease,  as  the  disease  may 
progi"ess  for  months  and  give  rise  to  no  pain  whate\'er.  The  symptoms  which 
have  been  very  aptly  temied  the  "trinity  of  PotUs  disease"  are  the  kj^hus, 
the  abscess,  and  the  paralysis — the  presence  of  any  one  of  these  may  be  enough 
to  render  the  diagnosis  absolute,  but  the  combination  of  all  of  them  is  proof 
positive  of  the  existence  of  the  disease.  Of  course,  when  any  or  all  of  these 
symptoms  are  present  the  disease  has  progressed  to  a  considerable  extent  and 
permanent  destruction  has  taken  place,  with  consequent  loss  of  fimction. 
In  nearly  all  cases  a  diagnosis  is  not  only  possible,  but  simple,  before  any  of 
these  cardinal  sjmptoms  which  are  due  to  bony  destruction  have  appeared. 


Fig.  711. — Psoas  Abscess,  after  Burst- 
ing through  Psoas  Sheath,  Pointing  on 
Inside  of  Thigh.     (Wullstein.) 
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The  early  diagnostic  symptoms  are  those  which  arise  from  the  muscular 
rigidity  or  spasm,  and  are  noted  in  the  peculiarity  of  gait  or  attitude  and  the 
limitation  of  movement  of  the  spine.  The  examination  for  detection  of  these 
symptoms  should  be  made  carefully  and  systematically  somewhat  as  follows: 
the  child,  strip})ed,  is  required  to  walk  up  and  down  before  the  examiner.  Due 
regard  should  be  given  to  the  fact  that  a  child  of  eight  or  ten  years  of  age  may 
show  some  hesitation  in  parading  nude  before  a  stranger,  but  \\ith  a  little  tact 
and  perseverance  the  child  can  soon  be  persuaded  to  walk  unconsciously.  The 
gait  will  be  noted  as  one  of  carcfubiess,  and  not  the  free  swing  of  a  child  with  a 


Fig.  712. — Normal  Hyperextension  of  Thigh.     (Starr.) 

normal  spine.  The  walk  will  be  with  the  weight  carried  forward  on  the  toes, 
the  heels  touching  lightly,  if  at  all,  in  order  to  prevent  the  jarring  of  the  spine 
which  results  from  the  ordinary  heel  gait. 

The  attitude  will  vary  according  to  the  location  of  the  disease.  In  the 
cervical  region  the  position  of  the  head  is  erect,  with  the  chin  tilted  upward 
and  carried  somewhat  forwanl  of  the  normal  position.  The  head  is  also  held 
with  a  good  deal  of  rigidity,  and  in  looking  upward  or  downward  the  eyes  are 
rolled  as  far  as  possible,  and  little  movement  of  the  head  is  made.  In  a  like 
manner,  if  the  child  with  cervical  Pott's  disease  wishes  to  look  to  the  side,  the 
shoulders  and  trunk  accompany  the  movement  of  the  eyes  with  little  or  no 
rotation  of  the  cervical  spine.  It  should  be  remembered,  also,  that  in  a  fairly 
large  number  of  cases  of  disease  of  the  cervical  spine,  the  muscular  spasm  is 
unequal  and  torticollis  is  the  result.  It  is,  of  course,  absolutely  necessary  that 
this  should  not  be  mistaken  for  an  ordinary  case  of  wry-neck.  The  attitude 
of  the  child  when  tired,  with  the  chin  resting  upon  the  hands,  as  in  Fig.  701,  is 
characteristic. 
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In  the  upper  dorsal  region  the  symptoms  will  be  almost  identical  with  those 
in  the  cenical  region  as  described  above.  In  the  mid-dorsal  region  there  is  the 
same  careful  gait,  the  patient  walking  on  the  toes,  but  added  to  this  there  is 
the  hyper-erect  position  or  militaiy  gait  with  the  shouldere  squai'e  and  thrown 
backward.  The  parents  will  sometimes  resent  the  suggestion  that  there  can 
be  any  disease  of  the  spine  on  account  of  the  erect  attitude,  which  they  point 
out  with  no  little  pride.  It  is,  howe\'er,  in  practically  all  cases  an  unnatural 
attitude  for  a  child,  and  as  such  should  excite  suspicion  of  Pott's  disease.  In 
this  region,  on  account  of  the  backward  cm-vat ure  of  the  spine,  very  sUght 
destruction  in  the  bodies  shows,  itself  as  a  knuckle  protruding  backward,  and 
hence  the  deformity  may  be  almost  the  earliest  sjTnptom. 

In  the  loicer  dorsal  region  the  symptoms  are  so  nearly  Uke  those  of  the  lum- 
bar region  that  they  may  be  described  together. 

In  the  lumbar  region,  for  an  early  diagnosis  one  must  depend  almost  entirely 
on  the  symptoms  of  muscular  rigidit}^  and  hmitation  of  motion,  as  the  deformity 
may  be  very  late  in  showing  itself  on  account  of  the  anterior  eur\-ature  of  the 
spine  in  this  region.  The  patient  exliibits  the 
same  carefulness  of  gait  as  when  the  disease 
involves  other  regions  of  the  spine.  Tliere  is 
also  a  protrusion  of  the  abdomen,  with  some 
lordosis  of  the  lumbar  spine,  the  child  thus 
imconsciously  protecting  the  diseased  bodies 
of  the  vertebra^  by  throwing  the  weight  back 
upon  the  articular  processes.  The  motions  of 
the  spine  are  exceedingly  Umitetl,  rotation  is 
prevented  and  the  child  in  turning  to  the  side 
turns  the  whole  trunk.  In  attempting  to  pick 
up  an  object  from  the  floor,  the  knees  and  hips 
are  bent  and  the  patient  squats  to  the  floor 
with  the  spine  held  rigid,  instead  of  stooping 
with  the  whole  spine  arched.  (Fig.  696.)  In 
the  very  early  stage,  while  the  spine  still  bows 
in  an  attempt  to  pick  up  any  object,  it  will  be 
noted  that  there  is  a  rigidity  of  a  certain  por- 
tion of  the  spine ;  that  is,  there  is  a  flattening 
in  a  section  of  the  spine,  and  a  break  is 
noted  when  compared  with  the  smooth  arch 
of  the  nomial  spine.  (Fig.  7L3.)  In  recovering  the  erect  position,  the 
hand  is  usually  placed  upon  the  knee  and  the  patient  climbs  up  himself. 
The  position  of  fatigue  is  also  characteristic.  The  child  with  Pott's  disease 
in  this  region  will  often  stand  with  the  thighs  flexed  and  the  hands  resting 
upon  the  knees.     (Fig.  702.)     In  sitting,  the  patient  will  support  the  weight 


Fig.  713. — Showing  Normal  Roundness 
of  Spine  in  Stooping.     (Starr.) 
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of    the   upper   trunk    through   the   arms,    resting  the  hands    flat    upon   the 
floor.      (Fig.  703.) 

The  thigh  of  one  side  is  frequently  seen  in  a  position  of  shght  flexion  (Fig. 
714),  due  to  psoas  irritability  or  to  a  commencing  abscess.  The  psoas  spasm 
may  be  detected  by  placing  the  child  face  downward  on  a  flat,  hard  surface 
and  attempting  to  hyperextend  the  thighs  with  one  hand  placed  upon  the 
buttock  to  hold  it  down.  The  normal  thigh  will  hyperextend  about  fifteen 
degrees  (Fig.  712),  but  the  one  with  psoas  spasm  shows  no  hyperextension. 
The  rigidity  of  the  spine  may  be  excellently  shown  without  danger  by  placing 
the  patient  on  a  table  with  the  face  downward,  and  lifting  the  heels.    The  normal 


Fig.  714. — Flexion  of  Thigh  from  Psoas  Contraction  in  Commencing  Psoas  Abscess.     (Starr.) 


spine  is  seen  to  arch  evenly  from  the  neck  to  the  sacrum  (Fig.  698),  while  the 
diseased  one  will  be  flattened  to  a  greater  or  lesser  ilegree,  depending  upon  the 
extent  of  the  disease  (Fig.  699). 

WTien  pain  is  present,  it  is  usually  described  as  radiating,  and  is  referred  to 
the  peripheral  endings  of  the  nerves.  It  is  usually  relieved  by  recumbency. 
The  referred  pain  of  Pott's  disease  is  as  characteristic  as  the  pain  in  the  knee 
of  hip-joint  disease.  As  pointed  out  in  the  section  on  symptomatology  (page  945) 
pressure  on  the  spine  does  not  cause  pain.  The  writer  wishes  here  to  protest 
against  the  methods  advocated  in  many  text-books,  of  attempting  to  gain  infor- 
mation of  diagnostic  value  by  making  pressure  upon  the  head  of  a  patient 
suspected  to  have  tuberculous  osteitis,  or  of  bringing  the  hands  down  smartly 
upon  the  shoulders  of  the  patient,  or  of  asking  him  to  jump  from  a  chair  to 
the  floor  to  see  if  it  causes  pain  or  discomfort.  Any  infonnation  to  be  gained 
in  this  way  can  be  easily  obtained  bj^  adopting  the  methods  previously  recom- 
mended, and  it  will  readily  appear  that  if  the  body  of  a  vertebra  is  largely 
diseased,  this  barbarous  method  may  be  the  cause  of  the  breaking  down  of  a 
body  which  otherwise  might  have  been  pi-evented. 

The  diagnosis  of  abscess  is  simple  when  it  becomes  large,  as  by  inspection 
alone  it  can  be  readily  located.  The  frecjuent  appearance  of  a  psoas  abscess 
on  the  inner  side  of  the  thigh  should  be  remembered  (Fig.  711),  as  it  is  often 
mistaken  for  an  abscess  of  hip-joint  disease.     A  retropharyngeal  abscess  may 


TUBERCULOUS   DISEASE  OF  THE   SPINAL  COLUMN.         955 

be  easily  Qverlookecl,  but  the  nasal  speech  and  mouth-breathing  associated 
with  the  rigidity  of  the  cemcal  spine  should  lead  to  careful  examination  of 
the  throat,  when  the  bulging  of  the  posterior  pharj-ngeal  wall  can  be  both  seen 
and  felt. 

An  abscess  of  the  mediastinum  can  be  diagnosed  only  by  the  pressure  symp- 
toms which  it  may  produce  on  the  a?sophagus  or  trachea  or  on  the  great  blood- 
vessels. An  abscess  in  the  psoas  sheath  can  usually  be  detected  by  palpation 
deep  in  the  iliac  fossa,  where  a  fulness  may  be  felt.  At  the  same  time  this  is 
commonly  accompanied  by  psoas  contraction,  which  is  detected  as  described 
above. 

The  diagnosis  of  paralysis,  when  complete,  is  made  from  the  fact  that  it  is  a 
paraplegia  of  spastic  type,  with  exaggerated  patellar  reflexes  and  ankle  clonus, 
usually  accompanied  by  a  kyphus  in  some  portion  of  the  spine.  Before  there 
is  complete  paraplegia,  however,  one  should  suspect  the  commencement  of 
paralysis  from  the  tendency  of  the  toes  to  drag  and  a  heaA-iness  of  the  feet, 
accoini)anied  even  at  this  early  stage  by  exaggerated  patellar  reflexes. 

Differential  Diagnosis. — Carcinoma  occurs  usually  in  adults,  while 
tuberculous  spondylitis  is  essentially  a  chsease  of  childhood.  Carcinoma  is 
rarely  found  as  a  primaiy  focus  in  the  spine,  and  by  the  time  the  spine  is  affected 
the  priman^'  focus  will  be  so  prominent  as  to  render  the  diagnosis  of  malignant 
chsease  probable,  ^^^lere  there  is  an}'  defomiity  it  is  generalh'  more  rounded 
than  the  kyphus  of  Pott's  disease.  The  pain  resulting  from  carcinoma  of  the 
spine  is  a  more  prominent  symptom,  while  the  stiffness  and  paralytic  symi> 
toms  may  be  similar.  If  the  disease  is  of  long  standing  the  cachectic  appear- 
ance ^ill  aid  in  the  chagnosis. 

Sarcoma  of  the  spine  is  rare  in  children,  and  when  present  it  usually  appears 
as  one  focus  of  a  multiple  lesion.  In  the  early  stage,  if  the  disease  is  primarj'-, 
it  may  be  difficult  or  impossible  to  differentiate  from  Pott's  chsease,  but  the 
rapidity  of  growth  of  the  sarcoma  soon  leads  to  a  positive  diagnosis. 

Aneuriwi  of  the  aorta  may  produce  an  erosion  of  the  spine  and  cause  a  de- 
formity which  may  simulate  the  kyphus  of  Pott's  chsease.  The  bruit  and 
circulatoiy  changes  will  clear  up  the  diagnosis. 

Syphilis,  either  in  chilclhood  or  in  adult  life,  occurs  more  frequently  than 
is  conmionly  suspected.  Some  of  the  cases  reported  as  tuberculous  disease  of 
the  spine  which  ha\'e  made  rapid  recoveries  were  undoubtedly  of  syphiUtic 
origin.  In  the  child,  a  parental  history  of  SA'phihs,  with  enlargement  of  the 
postcemcal  and  epitrochlear  glands  and  the  notched  teeth,  should  make 
us  suspect  syphihs.  In  the  adult,  the  presence  of  hard  or  soft  chancres,  the 
saddle  nose,  and  the  gummatous  periostitis  will  render  the  diagnosis  of  syph- 
ihs probable.  A  course  of  antisyphilitic  treatment  will  clear  up  the  cUagnosis 
completely. 

Typhoid  s})ine  rarely  causes  any  deformity ;  it  follows  reasonably  soon  after 
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an  attack  of  typhoid  fever,  and  is  more   frequently  found   in   adults  than   in 
children. 

Spondylitis  deformans  is  found  in  adult  life  and  is  generally  associated  with 
an  arthritis  in  other  joints  of  the  body.  There  is  a  general  arching  of  the  spinal 
column  with  rigidity,  but  without  muscular  spasm,  the  ribs  being  frequently 
ankylosed  so  that  no  motion  of  the  chest  wall  is  possible. 

Osteomyelitis  and  other  acute  infections  are  occasionally  found.  The  acute- 
ness  of  the  symptoms,  severe  pain,  with  elevation  of  the  body  temperature, 
serve  to  differentiate  these. 

Spondylolisthesis  show^s  itself  as  a  displacement  of  a  vertebra  forward  on  its 
neighbor.  It  occurs  in  the  lumbar  region,  and  has  not  the  marked  muscular 
spasm  of  tuberculous  disease. 

Scoliosis  is  marked  by  rotation  of  the  spine  on  its  long  axis,  and  there  is  no 
rigidity  or  fixation  of  the  spine.  The  limitation  of  motion  is  purely  a  mechan- 
ical one,  due  to  overlapping  of  the  ribs.  The  lateral  curvature  in  Pott's  disease 
is  a  pure  lateral  deviation  without  rotation  of  the  spine. 

Wry-neck  of  congenital  type  is  diagnosed  by  the  history,  together  with  the 
fact  that  the  muscular  spasm  is  confined  to  one  muscle  or  to  a  group  on  one 
side  of  the  neck.  In  wTy-neck  due  to  Pott's  disease  there  is  a  general  muscular 
spasm.  The  diagnosis  is  readily  cleared  up  by  placing  the  patient  in  a  re- 
cumbent posture  on  a  Whitman  frame  with  the  cervical  spine  somewhat  hyper- 
extended.  In  Pott's  disease  the  nmscular  spasm  will  relax  in  a  few  days,  and 
the  deformity  will  disappear. 

Sprain  is  the  result  of  a  trauma  and  appears  at  once  after  an  injury.  A 
short  rest  clears  up  all  symptoms. 

A  neurotic  or  "rmlway  spine"  is  often  difficult  to  difTerentiate  accurately, 
but  the  predominant  symptoms  are  subjective,  the  pain  is  greater,  the  spines 
are  sensitive  to  pressure,  and  all  symptoms  are  exaggerated. 

In  the  rhachitic  spine  the  deformity  is  more  rounded  than  in  Pott's  disease. 
The  muscular  rigidity  is  very  nmch  less  marked,  the  movements  are  com- 
paratively free,  and  the  other  symptoms  of  rickets  are  generally  present,  i.e., 
beading  of  the  ribs,  enlargement  of  the  epiphyses,  prominence  of  the  forehead, 
protrusion  of  the  abdomen,  sweating  of  the  head,  etc. 

Occasionally  the  psoas  spasm  of  lumbar  Pott's  disease  may  be  mistaken 
for  hip-joint  disease,  but  they  can  be  readily  differentiated  if  it  is  remembered 
that  there  is  limitation  of  extension  only  in  psoas  spasm,  all  the  other  motions 
at  the  hip,  i.e.,  flexion,  adduction,  and  abduction,  with  rotation,  remaining  free. 
With  the  psoas  contraction  of  lumbar  Pott's  disease,  also,  the  limb  is  flexed, 
adducted,  and  rotated  inward,  w^hile  the  position  of  the  limb  in  early  hip-joint 
disease  is  one  of  flexion,  abduction,  and  outward  rotation. 

Tlie  reaction  to  tuberculin  may  assist  in  confirming  the  diagnosis  of  tuber- 
culous spondylitis. 
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Prognosis. — Tuberculous  spondylitis  is  to  be  regarded  as  a  veiy  severe 
affei'tion.  In  a  general  way  one  may  say  that  the  disease  tends  to  spontaneous 
recovery,  but  with  a  greater  or  lesser  degree  of  deformity.  In  the  cervical  spine, 
on  account  of  the  small  size  of  the  bodies  and  the  relatively  less  superim- 
posed weight,  the  deformity  may  be  shght.  In  the  dorsal  region,  however,  the 
degree  of  deformity  may  be  enormous,  sometimes  invohing  the  whole  doi"sal 
spine.  There  is  perhaps  no  other  disease  in  which  the  results  capable  of  being 
obtained  by  proper  treatment  are  more  noticeable  than  in  this.  If  an  early 
diagnosis  is  made  and  proper  treatment  instituted,  a  functionally  perfect 
recovery  may  be  obtained. 

In  certain  portions  of  the  spine,  such  as  the  mid-doreal  and  upper  lumbar, 
the  deformity  can  be  checked  and  in  some  instances  lessened.  In  the  cervical 
and  upper  dorsal  region,  on  account  of  the  difficulty  of  supporting  the  head, 
the  deformity  may  increase  in  spite  of  the  most  careful  treatment. 

Statistics  regarding  the  mortality  are  most  unreliable,  and  vaiy,  according 
to  different  authoi"S,  from  fifteen  to  twenty  per  cent.  Death  is  usually  the 
result  of  some  complication  or  some  intercurrent  affection.  Tuberculous 
disease  of  the  lungs,  accompanying  or  secondary  to  the  chsease  of  the  spine, 
and  tuberculous  meningitis  are  fre^quent  causes  of  death. 

The  changes  in  the  circulatory  apparatus,  due  to  compression  or  alteration 
of  the  shape  of  the  chest,  sometimes  lead  to  fatal  results.  In  those  cases  where 
death  is  not  du-eetly  traceable  to  the  spinal  disease,  the  distortion  of  the  chest 
with  alteration  in  the  com"se  of  the  aorta  and  possibly  partial  obstmction  of 
this  vessel,  with  consequent  hypertrophy  of  the  heart  and  incompetency  of 
the  valves,  leads  to  a  lessened  resisting  power,  and  hence  the  patient  succumbs 
under  the  strain  of  overwork,  extra  fatigue,  or  moderate  illness.  The  largest 
number  of  deaths,  however,  in  the  opinion  of  the  author,  is  due  to  exliaustion, 
with  amyloid  changes  of  the  Uver,  spleen,  and  kitlneys  from  prolonged  sup- 
purative processes  caused  by  mixed  infections. 

The  introduction  of  aseptic  and  antiseptic  methods  in  the  treatment  of 
abscesses  should  reduce  the  mortality  of  Pott's  disease  nearly  one-half.  Tlie 
opening  of  an  abscess  and  the  introduction  of  a  drain,  thereby  allowing  an 
abscess  cavity  to  become  infectctl  with  other  organisms,  or  the  spontaneous 
opening  of  an  abscess,  is,  as  Calot  very  aptly  says,'' an  open  door  through  wiiich 
death  very  quickly  enters." 

The  length  of  time  required  to  bring  about  a  cure  necessarily  varies  with 
the  extent  and  location  T)f  the  disease.  If  the  latter  is  diagnosed  in  the  veiy 
early  stage,  before  any  marked  destructive  processes  have  taken  place,  one  may 
hope  for  a  cure  in  one  year's  time.  If  the  disease  is  more  advanced,  the  general 
condition  of  the  patient  poor,  and  the  hygienic  surroundings  not  of  the  best, 
the  time  necessar}-  for  securing  a  permanently  fused  condition  of  the  bodies 
will  probably  be  from  two  to  four  yeai's. 
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Treatment. — The  treatment  of  tuberculous  spondylitis  should  be  considered 
from  two  standpoints. 

First,  one  should  take  into  consideration  those  forces  which  tend  to  improve 
the  general  condition  of  the  patient,  thus  increasing  his  power  of  resistance 
to  the  tuberculous  infection,  and  at  the  same  time  making  an  unfavorable 
lodging-place  for  the  tubercle  bacillus.  Under  this  head  will  be  presented  the 
hygienic,  dietetic,  and  medicinal  treatment. 

In  the  second  place  consideration  should  be  given  to  the  methods  of  pro- 
tecting the  local  disease  process  from  weight-bearing  and  movement,  thus 
tending  to  prevent  the  greater  destruction  of  tissue,  with  increasing  deformity 
and  loss  of  function.  Under  this  head  will  be  presented  the  mechanical  treat- 
ment. 

Hygienic  MEASURES.^That  the  bulk  of  effort  has  hitherto  been  expended 
in  devising  varied  and  various  types  of  support  in  the  treatment  of  Pott's 
disease,  is  manifest  from  the  large  number  of  such  supports  to  be  found,  and 
the  large  space  given  to  their  description  in  most  text-books.  That  too  little 
thought  has  been  given  to  the  general  or  constitutional  treatment,  until  recent 
years,  is  equally  manifest  from  the  scant  notice  which  is  given  to  this  part  of 
the  treatment  by  most  writers. 

It  has  been  the  practice  in  the  Hospital  for  Sick  Children  in  Toronto  to 
move  all  cases  of  tuberculosis  of  the  bones  and  joints  to  the  Lakeside  Hospital, 
on  the  shore  of  the  lake,  at  Toronto  Island,  as  early  in  the  year  as  possible, 
usually  early  in  May.  The  patients  sleep  on  the  broad  covered  piazzas,  practi- 
cally out  of  doors,  until  the  beginning  or  middle  of  October.  The  change  which 
takes  place  in  this  class  of  patients  is  most  noticeable.  Before  a  week  has 
been  spent  there,  th,e  appetite  begins  to  improve,  the  patient  develops  some 
color  in  the  cheeks,  he  increases  in  weight  and  must  increase  in  resisting  power; 
as  the  acuteness  of  symptoms  begins  to  subside,  discharging  sinuses  improve, 
and  altogether  the  change  in  condition  is  most  marked.  Accurate  records  of 
weights  in  cases  of  tuberculous  disease  show  a  steady  gain  in  practically  all 
cases  under  these  conditions.  On  the  other  hand,  when  they  return  to  the 
city  hospital  for  the  \\nnter  months  they  barely  succeed  in  holding  stationary 
the  gain  that  has  taken  place  during  the  summer. 

All  patients  suffering  from  Pott's  cUsease  should  be  put  under  the  best  hy- 
gienic surrounding.  In  patients  of  the  wealthy  class  a  sun  room  should  be 
built  off  the  living  room,  where  the  patient  may  spend  most  of  the  day.  The 
bed  should  be  sufficiently  nari'ow  to  be  carried  through  the  doorway,  or  else  a 
cot  should  be  permanently  arranged  in  the  sun  room  so  that  the  patient  may 
be  transferred  on  a  stretcher  from  bed  to  cot.  In  case  the  room  is  unheated 
the  mattress  of  the  cot  should  be  kept  indoors  so  the  patient  may  not  be 
placed  on  a  cold  surface.  Under  less  auspicious  circumstances,  the  patient 
should  be  given  a  large,  airy  room  facing  the  south,  and  the  window  should 
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be  open  as  much  as  possible  to  insure  the  greatest  amount  of  fresh  air.  In  a 
general  or  private  hospital,  advantage  may  be  taken  of  roof  gardens  or  other 
available  space  to  get  patients  as  much  as  possible  in  the  open  air. 

Daily  batliing,  with  care  of  the  teeth,  mouth,  etc.,  also  assists  in  promoting 
the  general  improvement  of  the  patient. 

Dietp:tic  Regimen. — As  m  tuberculous  disease  of  the  chest,  so  in  Pott's 
disease,  there  seems  to  be  an  increase  in  the  resisting  power  of  the  iudiAidual 
toward  the  tuberculous  infection,  with  an  increase  in  the  body  w  eight.  Hence 
in  these  cases  every  effort  should  be  made  to  improve  the  nutrition,  and,  up  to 
the  cUgestive  capacity  of  the  patient,  the  cUet  should  be  liberal. 

Milk,  cream,  butter,  fats,  with  eggs,  red  meats,  cereals,  and  milk  puddings, 
should  be  the  staple  foods ;  and  in  cases  of  marked  malnutrition  the  peptonized 
foods  with  malted  milk  may  be  useful.  These  may  be  distributed  over  the  day, 
gi^ing  three  full  meals  daily,  with  a  raw  egg,  eggnog,  cup  of  cocoa  or  bouillon 
between  meals,  and  malted  milk  at  bedtime.  An  accurate  record  of  the  patient's 
weight  every  two  weeks  should  also  be  kept. 

Medicinal  Treatment. — To  improve  the  appetite  the  bitter  vegetable 
tonics  may  be  given  when  necessar}'.  Such  tissue-building  tonics  as  the  phos- 
phates and  the  glycero-phosphates  may  be  of  value.  To  render  the  soil  an 
undesirable  or  unfavorable  one  for  the  tubercle  bacillus,  the  arsenical  prepara- 
tions, and  especiaUy  the  guaiacol  and  creasote  preparations,  may  have  virtue  in 
them,  if  they  can  be  given  without  disturbing  the  digestion.  If  the  patient  is 
anaemic,  iron  in  various  forms  and  combinations  may  be  administered,  as  best 
suits  the  case. 

Administration  of  Tuberculin. — As  a  possibility  of  increasing  the  pa- 
tient's resisting  power  against  the  tuberculous  infection,  may  be  mentioned 
the  inoculation  or  vaccination  with  tuberculin  as  controlled  by  the  opsonic 
index. 

Sir  ,\lmroth  Wright,  in  studying  the  subject,  discovered  that  the  phagocytic 
power  of  the  white  blood  coipuscles  in  tuberculosis,  as  in  many,  if  not  in 
all,  infectious  chseases,  is  dependent  upon  a  material  in  the  blood  serum  which 
tends  to  prepare  the  bacilli  for  assimilation  by  the  leucocyte.  This  material 
he  called  opsonin  (&^''«v<«,  I  prepare  food  for).  Without  the  presence  of  this 
body  in  the  serum  the  leucocytes  apparently  have  no  pow^r  over  the  bacilli. 
As  an  ec[uation,  leucocj^tes  +  bacilli  =  no  phagocytosis,  but  leucocytes  -f- 
bacilli  -(-  blood  serum  (opsonins)  =  phagocj-tosis.  It  was  next  found  out 
that  the  opsonic  power  or  opsonic  index  of  the  blood  serum  of  the  infected 
indi\idual  could  be  estimated  comparatively  with  that  of  the  blood  serum 
of  a  nonnal  indi\idual,  or  of  the  pooled  blood  of  a  number  of  indi^iduals.  Thus 
a  record  could  be  kept  of  the  opsonic  power  or  resisting  power  of  the  indi\idual 
from  time  to  time. 

The  next  step  was  the  attempt  to  increase  the  opsonic  power  of  the  in- 
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dividual  by  the  inoculation  of  tuberculin  in  the  case  of  tuberculous  infection,  or 
of  a  sterile  emulsion  of  the  infective  organisms  in  other  infections.  This,  in  a 
general  way,  was  what  happened,  and  if  there  were  no  side  issues  it  would 
appear  that  one  of  the  greatest  advances  of  recent  yeai-s  had  been  made  in  the 
treatment  of  tuberculosis,  as  well  as  other  infectious  diseases,  by  this  method. 

Unfortunately,  the  problem  is  not  yet  solved ;  for,  following  the  inoculation 
and  preceding  the  increased  resisting  power,  as  indicated  by  the  elevated  op- 
sonic index,  there  is  a  "negative  phase"  in  which  the  index  is  lowered,  and 
if  another  inoculation  is  made  during  this  stage  a  second  negative  phase  may 
be  superadded;  and  so  on,  negative  phases  following  negative  phases,  by  indis- 
criminate inoculation,  and  the  individual's  resisting  power  may  thus  be  gradually 
lessened.  On  the  other  hand,  if  the  inoculations  are  properly  controlled,  and 
the  tuberculin  administered  while  the  index  is  yet  rising,  the  resisting  power 
of  the  indiAndual  may  be  increased. 

The  whole  story  is  not  yet  complete,  however,  as  besides  these  controllable 
inoculations  the  individual  may  inoculate  himself  from  time  to  time  by  toxins 
being  set  free  into  the  blood  stream  from  the  diseased  focus.  This  auto-inocu- 
lation may  be  the  result  of  over-activity  or  lack  of  quiet ;  but  for  the  most  part 
it  is  an  uncontrollable  inoculation  which  may  come  at  a  very  inopportune  time 
and  tend  to  lo\\er  resistance  while  an  attempt  is  being  made  to  increase  it. 

These  difficulties  may  be  surmounted  in  the  near  future,  and  it  does  seem 
as  if  we  are  on  the  eve  of  a  revolution  of  the  treatment  of  all  infectious  diseases 
by  means  of  serumtherap5^  The  technique  necessary  to  determine  and  record 
the  opsonic  index  is  too  intricate  to  be  detailed  here,  and  it  can  be  mastered 
only  by  those  interested  by  research  in  laboratories  where  pathologists  are 
doing  this  work. 

General  Principles  of  Mechanical  Treatment. — A  suggestion  of  the 
principles  which  should  underlie  the  mechanical  treatment  of  Pott's  disease 
may  be  obtained  by  a  careful  observation  of  an  acute  case.  In  the  normal 
spine  we  have  a  flexible  rod  tending  to  bend  forward;  and  the  superincumbent 
weight  of  the  head  and  upper  extremities  rests  upon  the  bodies  of  the  vertebra*. 
Any  voluntary  bending  forward  must  increase  the  weight  on  these  bodies,  and, 
conversely,  any  backward  bending  will  diminish  the  weight.  In  the  diseased 
condition  of  the  bodies,  the  spontaneous  attitude  in  the  early  stage  is  found  to 
be  one  of  rigidity  with  backward  bowing  or  hyperextension  of  the  spine,  i.e., 
by  muscular  contraction  or  spasm  an  effort  is  made  to  splint  the  spine,  and  by 
hyperextension  to  afford  protection  to  the  diseased  bodies. 

Any  mechanical  treatment,  therefore,  must  meet  these  two  requirements: 
immobilization,  more  or  less  complete,  and  protection  from  weight-bearing. 
It  is  quite  obvious  that  by  reason  of  the  surrounding  structures,  which  are  all 
more  or  less  (>lastic,  a  perfect  splinting  of  the  spine  is  impossible;  but  there 
may  be  obtained  a  sufficient  immobilization  to  permit  a  cicatrizing  osteitis 


TUBERCULOUS  DISEASE  OF  THE  SPINAL  COLUMN, 


961 


to  take  place  and  a  fusion  of  adjacent  bodies  if  a  large  destructive  process  is 
present. 

Recumbent  Treatment. — Obviously  the  simplest  and  most  efficient  method 
of  relieving  the  superincumbent  weight  is  to  place  the  patient  in  the  recumbent 
position.  It  is  not  sufficient,  however,  simply  to  "put  the  patient  to  bed," 
as  is  so  often  done.  The  recumbency  must  be  absolute;  and  during  the  entire 
time  of  treatment  the  patient  is  not  to  be  allowed  to  sit  up,  or  even  partially  to 
sit  up.  A  firm  mattress  with  a  stiff  woven-wire  spring  underneath  is  also  an 
essential.  If  the  spring  is  weak  and  the  mattress  soft,  the  patient  assumes  a 
position  as  in  a  hammock,  and  consequently  the  bending  forward  of  the  spine 
is  permitted  and  pressure  is  not  relieved. 
A  fracture  board  or  piece  of  planed  board 
about  one  foot  wide,  placed  lengthwise  be- 
tween the  mattress  and  the  springs,  will  serve 
to  keep  the  patient  from  sagging,  and  will- meet 
the  requirements. 

In  the  case  of  an  adult  this  may  be  all 
that  is  necessary,  as  he  can  be  trusted  to 
obey  instructions  and  will  remam  supine 
and  quiet,  thus  meeting  the  requirements  of 
protection  from  weight-bearing  with  quiet- 
ness of  the  spine.  As  the  bulk  of  patients 
suffering  from  Pott's  disease  are  children, 
some  method  of  horizontal  fixation  is  abso- 
lutely necessarj',  for  as  soon  as  pain  and 
other  acute  symptoms  subside  the  child  can 
no  longer  be  expected  to  remain  quietly  on 
the  back  without  some  method  of  fixation. 
It  is  a  distinct  advantage  also  to  have  the 
recumbent  or  fixation  apparatus  separate 
from  the  bed,  even  in  the  adult,  as  then  the 
patient  may  be  transferred  from  room  to 
room  or  taken  out  of  doors,  and  it  is  possible 
to  keep  the  bed  in  a  very  much  better  condi- 
tion. The  simplest  apparatus  for  fixation  of 
the  patient  in  a  recumbent  attitude  is  the 
Bradford  frame.  It  is  a  rectangular  frame, 
somewhat  longer  and  wider  than  the  patient, 
made  of  gas-pipe,  over  which  a  canvas  cover 
is  tightly  laced.  (Fig.  715.)  The  patient  is  fastened  to  this  frame  by  means 
of  a  binder  which  surrounds  the  body  and  is  fastened  to  the  canvas  lacing. 
An  ordinary  waist  answers  very  well  as  a  "tie-down,"  the  child's  arms  being 
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Fig.  715. — Bradford    Frame,   with   Can- 
vas Lacine  and  Gallie  "Tie-down." 
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slipped  through  the  sleeves  or  armlets,  and  the  waist  pinned  above  the  shoul- 
ders and  at  the  sides  to  the  canvas.  If  the  child  pulls  the  pins  out  they  may 
be  pinned  from  the  under  surface  of  the  lacing.  At  the  Hospital  for  Sick 
Children,  Toronto,  an  attachment  is  used,  devised  by  Dr.  Gallic,  which  answers 
admirably  as  a  ''tie-down."  It  hooks  over  the  frame  on  either  side  and  passes 
across  to  the  body,  then  upward  along  the  sides  and  crosses  under  the  neck  of 
the  patient.  (Fig.  715.)  Buckles  are  attached  to  this  cross-bar;  and  an  apron, 
which  fits  over  the  child's  trunk,  is  fastened  to  the  buckles  by  means  of  straps. 
At  the  point  where  the  kyphus  rests  on  the  lacing,  oblong  pads  of  felt,  six 
inches  long,  three  or  four  inches  wide,  and  in  the  neighborhood  of  one-half 
inch  in  thickness,  should  be  stitched  to  the  canvas  in  such  a  way  as  to  allow 
the  spines  of  the  vertebrae  to  project,  the  pressure  being  borne  by  the  trans- 
verse processes.  This  serves  the  double  purpose  of  protecting  the  skin  over 
the  kyphus  and  at  the  same  time  increasing  the  hyperextension  of  the  spine  by 
the  thickness  of  the  pads. 

If  the  disease  is  in  the  cervical  region  the  recumbent  attitude  does  not  re- 
lieve all  pressure,  on  account  of  the  forward  curve  in  this  region.  It  is  neces- 
sary with  the  flat  frame  to  add  extension.  This  is  most  easily  accompUshed 
by  means  of  a  weight -and-pulley  attachment  at  the  head  of  the  bed,  the  traction 
on  the  head  being  obtained  through  the  Glisson  chin-and-occiput  sUng.   Counter- 


FiG.  716. — Whitman  Frame,  Showing  Hyperextension  of  the  Spine  in  a  Case  of  Cervical  Dis- 
ease.    (Starr.) 


extension  may  })e   made   by  the   patient's  body  if  the  head   of   the  bed   is 
elevated  from  six  to  ten  inches. 

A  very  important  modification  of  this  frame  has  been  made  by  WTiitman. 
The  frame  as  modified  is  much  narrower,  being  only  as  wide  as  the  patient's 
trunk,  the  shoulders  and  arms  resting  on  the  bed  outside  of  the  frame.  It  is 
also  bent  to  any  desired  extent,  so  that  the  greatest  point  of  convexity  of  the 
frame  comes  opposite  the  disease  point  in  the  spine.    The  patient's  spine  in 
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this  way  is  markedly  hyperext ended,  the  body  l}'ing  over  the  ridge,  and  thus  a 
small  amount  of  extension  is  made  by  the  portions  of  the  spine  on  either  side 
of  the  ridge.  A  moderate  amount  of  sagging  of  the  canvas  at  the  maximum 
cm^^ature  of  the  frame  lessens  the  discomfort  which  otherwise  would  be  very 
noticeable.  The  cur\'e  or  bowing  of  the  frame  may  be  moderate  at  first  and 
gi'adually  increased  as  the  patient  becomes  accustomed  to  the  position.  In 
the  cervical  region  the  bo\\"ing  of  the  frame  may  be  made  extreme  so  as  to 
allow  the  head  to  tip  backward  to  a  marked  degree.    (Fig.  716.)     The  head 


Fig.    717. — Showing    Improvement    in    Deformity    after   Treatment.     (Whitman.) 


of  the  frame  may  be  elevated  at  meal-time  to  allow  the  patient  more  easily  to 
feed  himself.  By  means  of  a  ^Miitman  frame,  a  kj-phus  under  adequate  care 
should  not  only  not  increase,  but  should  recede  to  some  extent.     (Fig.  717.) 

Care  of  the  Patient  on  a  Frame. — A  patient  on  a  frame  which  is  placed  on  a 
good  mattress  will  not  be  more  uncomfortable  than  on  an  ordinary  bed.  There 
is  the  great  advantage  too  that  the  patient  may  be  moved  on  the  frame  so 
that  the  bed  may  be  made,  the  mattress  turned,  etc.  The  patient  should  be 
turned  on  his  side  each  day,  and  the  back  thoroughly  sponged,  then  rubbed 
with  alcohol  and  dusted  with  povsder,  such  as  boric-acid  or  talcum  powder. 

The  canvas  may  be  fenestrated,  and  so  evacuation  of  the  bowels  obtained 
without  tlisturbing  the  patient,  by  simply  elevating  the  frame  and  placing 
a  receptacle  beneath.  A  slip  sheet  should  be  drawn  across  the  canvas  lacing 
to  cover  the  opening.  If  the  patient  is  wealing  a  diaper  care  should  be  exer- 
cised in  putting  it  on,  to  shp  it  under  the  pehis  and  not  to  hft  the  pehis  by 
grasping  the  feet,  as  is  ordinarily  done.  The  kj'phus  may  increase  owing  to 
neglect  of  this  point  alone. 

The  objectionable  features  of  the  recumbent  plan  of  treatment  are  less- 
ened by  the  use  of  this  frame  and  the  observation  of  these  rules.  With  the 
small  frame  a  child  ma}'  be  dressed  by  fastening  the  clothes  ai'ound  the  frame, 
and  so  carried  to  the  open  air. 

All  acute  cases  should,  if  possible,  be  treated  in  the  recumbent  position  untU 
the  acute  symptoms  subside;  that  is,  until  the  flexibility  of  the  spine  has  re- 
turned and  there  are  no  pains  or  night  starts.  This  will  usually  mean  a  recum- 
bency of  from  four  to  six  months,  when  no  comj)lications  are  present,  and  from 
six  to  eighteen  months  in  the  latter  case.     In  all  cases  it  is  probably  wise  to 
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apply  the  ambulatory  support  for  a  time  before  the  patient  is  allowed  to  leave 
the  recumbent  position. 

Other  types  of  fixation  apparatus  may  be  just  mentioned,  as  they  have 
neither  the  efficiency  nor  the  simplicity  of  the  frame  above  discussed. 

The  Phelps  bed  consists  of  a  shaped  frame  of  wood,  to  fit,  more  or  less  accu- 
rately, the  body  and  lower  extremities.  This  has  an  outlying  rim,  and  is  padded 
well  with  felt  and  raw  cotton.  An  opening  at  the  perineal  region  permits  of 
evacuation  of  the  bowels  without  disturbing  the  patient.  The  child  is  main- 
tained in  the  bed  by  bandages  about  the  extremities  and  a  binder  about  the 
body. 

The  wire  cuirass,  made  popular  by  the  late  Professor  Lewis  A.  Sayre,  is  a 
much  lighter  and  more  sanitary  apparatus.  It  consists  of  a  steel  frame  which 
outlines  the  patient's  entire  body,  and  to  this  is  interwoven  a  wire  screen  or 
network  hollowed  to  fit  the  contour  of  the  body.  It  is  nicely  padded  and 
the  patient  is  bandaged  to  it.  For  infants  the  writer  has  found  it  very  satis- 
factory, as  the  child  may  be  enswathed  very  much  to  resemble  the  Indian 
pappoose. 

The  Gypsbette  of  Lorenz  is  intended  to  fulfil  the  same  requirements.  It  is 
made  of  plaster-of-Paris  bandages,  which  are  applied  to  the  back  of  the  head 
and  trunk  of  the  patient  while  in  a  position  of  hyperextension,  either  in  a  ham- 
mock or  by  means  of  rolls  placed  under  the  forehead,  chest,  and  pelvis  while 
the  patient  is  lying  prone.  This  plaster,  when  reinforced  and  padded,  makes 
a  half  jacket,  which  serves  very  well  to  keep  the  spine  at  rest  and  in  a  position 
of  hyperextension. 

Ambulatory  Treatment. — Treatment  by  means  of  ambulatory  supports,  to 
be  efficient  and  purposeful,  should  continue,  as  accurately  as  possible,  the  fix- 
ation of  the  spine  an^  the  protection  from  weight-bearing,  which  has  been  more 
thoroughly  carried  out  during  recumbency. 

All  supports  should  have  for  their  object  the  .immobilization  of  the  spine 
by  splinting  it  with  non-flexible  material,  and  the  protection  of  the  bodies  by 
carrying  the  weight  backward  to  the  articular  process  by  hyperextending  the 
spine. 

The  Plaster-of-Paris  Jacket. — The  plaster-of-Paris  jacket  is  at  once  the 
most  readily  available,  easiest  of  apphcation,  and  most  widely  used  of  all 
the  types  of  support;  and,  if  properly  appHed,  gives  equally  as  good  support 
as  any  other.  It  has  the  disadvantage  of  not  being  capable  of  so  accurate 
adjustment  as  the  steel  support,  and  must  depend  for  its  effectiveness  on  the 
definite  moulding  of  it  to  tlie  contour  of  the  body.  It  has  the  advantage  of 
staying  where  it  is  put,  and  cannot  be  altered  or  removed  by  the  patient  or 
friends.  In  cases  of  lateral  deviation  of  the  spine  due  to  Pott's  disease  the 
plaster  jacket  is  to  be  preferred  to  the  steel  support. 

The  plaster  jacket  is  an  antcro-posterior  support,  and,  even  when  applied 
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with  the  child  suspended,  does  not  tend  to  keep  the  diseased  surface  apart  by- 
distraction;  but,  if  applied  with  the  spine  in  the  hyperextended  position,  does 
tend  so  to  fix  it  that  the  weight  does  not  return  to  the  diseased  bodies. 

Application  of  Plaster  Jacket  by  Smpeyision. — The  suspension  method  of 
application  of  the  plaster  jacket  was  introduced  by  the  late  Professor  SajTC. 
The  suspension  of  an  individual  by  a  pulley  arrangement  and  chin-and-occi put- 
sling  is  without  risk.  The  suspension  straightens  out  the  curves  of  the  spine 
and  tends  also  to  straighten  out  the 
kyphosis,  although  in  old  cases  the 
union  or  adhesion  of  the  diseased  sur- 
faces is  too  strong  to  be  separated. 

A  closely  fitting  seamless  shirt 
should  be  put  on,  and  the  patient  sus- 
pended just  sufficiently  to  raise  the 
heels  off  the  floor  or  surface  on  which 
he  is  standing.  The  toes  resting  on 
the  floor  ^\-ill  steady  the  trunk  and  at 
the  same  time  give  it  a  position  of 
hyperextension.  This  hyperextension 
may  be  exaggerated  to  any  tlegree  by 
an  assistant  holding  the  hips.  (Fig. 
718.)  The  easiest  position  in  which  to 
work  satisfactorily  is  to  have  the  pa- 
tient standing  on  a  stool  with  the  op- 
erator seated  behind  and  an  assistant 
in  front.  The  bandages  should  be 
made  of  starch-sized  crinoline  or  book- 
binder's muslin  with  dental  plaster 
rubbed  into  its  meshes,  and  should 
be  about  four  inches  wide.  If  the 
crinoline  contains  glue  or  dextrin  it 
will  retard  its  setting  or  may  prevent 
it  altogether  from  getting  sufficiently 
hard  to  act  as  a  support.  If  no  other 
material  is  obtainable,  the  glue  or 
dextrin  may  be  washed  out  and  the 
crinoHne  afterward  dried  and  made 
into  bandages,  forming  the  so-called  "washed  bandages,"  which  set  very  rapidly. 

With  the  patient  properly  suspended  the  bandage  is  started  smoothly  and 
snugly  around  the  pehis,  and  several  turns  arc  applied  here,  each  turn  being  well 
rubbed  into  the  previous  one,  so  as  to  get  a  firm  base  of  support.  The  band- 
ages are  continued  evenly  up  the  trunk  until  from  four  to  five  layers  are  applied, 


Fig.  718. — Patient  Suspended  by  Chin  and  Occi- 
put Sling,  so  that  Heels  are  just  oflf  the  Floor. 
Seamless  shirting  in  place  with  pads  to  protect 
bony  prominences.  The  "scratchcr"  may  be 
seen  inside  the  shirting  extending  above  and 
below.     (Starr.) 
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making  a  uniform  thickness  of  three-sixteenths  to  one-fourth  of  an  inch.  The 
jacket,  to  get  the  fullest  measure  of  support,  should  reach  in  front  from  the 
sternal  notch  to  the  pubes,  and  behind  from  the  midscapular  region  to  the 
cleft  of  the  buttocks.  While  the  plaster  is  drying,  if  the  patient  is  not  over- 
tired, the  jacket  may  be  trimmed.     It  should  be  cut  with  a  sharp  knife  evenly 


Fig.  719.  Fig.  720. 

Fig.  719. — Plaster  Jacket  Applied,  Showing  Method  of  Trimming  before  Shirting  is  Turned  up 
over  Outside.     (Starr.) 

Fig.  720. — Completed  Jacket;   Shirting  Turned  up  and  Stitched  along  Upper  Border.     (Starr.) 

across  the  front  and  back  with  a  dip  at  the  sides  sufficiently  low  to  allow  the 
arms  to  come  to  the  side  of  the  body  without  undue  pressure.  At  the  bottom 
a  slight  concavity  may  be  cut  on  either  side  of  the  middle  line  to  allow  of  the 
flexion  of  the  thighs;  at  the  same  time  the  plaster  should  reach  sufficiently 
low  to  cover  the  entire  abdomen  so  as  not  to  allow  any  protrusion  below. 
(Fig.  719.)  The  writer  has  seen  several  cases  of  hernia  undoubtedly  due  to  neg- 
lect of  this  precaution. 

After  the  child  is  removed  from  the  suspended  position^  the  shirt  may  be 
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turned  up  over  the  jacket  and  stitched  to  the  portion  left  above  after  the  jacket 
is  trimmed.  (Fig.  720.)  The  patient  should  remain  in  the  recumbent  position 
for  half  an  hour  until  the  plaster  has  hardened  thoroughly.  One  of  the  dis- 
comforts of  the  solid  support  may  be  lessened  by  placing  a  strip  of  bandage 
lengthwise  beneath  the  shirt,  next  to  the  sldn,  to  act  as  a  cleanser.  (Fig.  718.) 
By  sprinkUng  alcohol  on  this  strip  of  bandage  and  sawing  it  up  and  do\\Ti  a 
substitute  for  a  bath  is  obtained.  This  cleanser  may  be  renewed  at  any  time 
by  stitching  a  new  strip  to  the  end  of  the  old  one  and  pulling  it  through. 
The  ends  should  be  tied  together  to  prevent  its  becoming  displaced. 

Application  of  Jacket  in  Hammock. — If  for  any  reason  it  is  undesirable  to 
suspend  the  patient,  a  jacket  may  be  put  on  with  the  child  lying  face  down- 
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Fig.  721. — Forked  Support  for  Application  of  Jacket  in  Recumbent  Position. 

ward  in  a  hammock;  the  hyperextension  of  the  spine  being  increased  to  any 
extent  by  the  sagging  of  the  hammock.  A  canvas  or  cotton  hammock  cloth 
may  be  attached  to  the  ends  of  a  gas-pipe  frame,  similar  to  the  frame  of  a  Brad- 
ford stretcher.  In  order  to  obtain  the  desired  tension  on  the  hammock  the 
cloth  may  be  attached  to  a  windlass  arrangement  at  one  end.  The  patient 
is  placed  face  downward  on  the  cloth,  which  has  an  opening  cut  in  it  to  allow 
the  lower  part  of  the  face  to  protrude,  and  sUts  are  cut  longitudinally  in  the 
cloth  along  the  sides  of  the  body  from  the  axilla  to  the  peh-is.  The  portions  of 
the  hammock  outside  the  slit  should  be  cut  away  or  fastened  to  the  sides  of 
the  frame  by  means  of  a  bandage.  After  the  kyphus  and  other  bony  promi- 
nences have  been  padded  the  plaster  bandages  are  appUed  around  the  patient, 
including  the   hammock,   from  pehis  to  axilla,  until  sufficient  thickness  is 
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obtained,  when  the  plaster  may  be  trimmed  in  a  similar  manner  as  after  its 
application  by  suspension. 

It  will  be  obvious  to  any  one  applying  a  jacket  in  this  way  that  it  will  be 
much  more  satisfactory  when  the  disease  involves  the  lower  dorsal  and  lumbar 
region  than  when  it  is  located  in  the  upper  dorsal,  as  it  is  quite  impossible  to 
fit  the  plaster  accurately  to  the  upper  part  of  the  chest  in  this  latter  position. 

Application  of  Jacket  with  Patient  Lying  on  His  Back. — The  flexible  bars  on  the 
forked  upright  suggested  by  Goldthwait  and  the  recumbent  kyphotone  of 
R.  Tunstall  Tajdor  were  devised  to  allow  of  the  application  of  plaster  of  Paris 
more  accurately,  while  the  spine  is  markedly  hyperextended,  than  is  possible 
by  any  other  method. 

A  portable  apparatus  which  accomplishes  the  same  purpose  is  shown  in 
Fig.  721.     It  consists  of  a  steel-framed  suit-case,  which  may  be  used  as  a  pelvic 


Fig.   722.^Patient  in   Position  on   Forked  Support;    Spine  Hyperextended.     (Starr.) 

rest  and  in  which  may  be  carried  plaster  bandages,  stockinette,  plaster-knives, 
and  other  necessaries  for  the  application  of  plaster  of  Paris,  as  well  as  the  adjust- 
able forked  upright  on  which  the  patient  is  supported.  After  the  seamless 
stockinette  or  shirting  is  applied,  the  upright  is  adjusted  by  means  of  the  thumb- 
screw to  such  a  height  as  to  produce  the  desired  amount  of  hyperextension, 
the  pelvis  meanwhile  resting  on  the  suit-case  and  the  head  supported  on  a  box 
or  pillow.  (Fig.  722.)  A  small  steel  plate  well  padded  with  piano  felt  is  ar- 
ranged on  each  fork  of  the  upright  so  that  they  fit  accurately  the  kyphus, 
making  pressure  on  the  transverse  processes  and  allowing  the  spinous  processes 
to  project  between.  With  the  patient  in  this  position  the  jacket  may  be  ap- 
plied as  in  the  suspension  method,  but  the  posture  allows  of  much  more  accu- 
rate moulding  of  the  plaster  about  the  upper  end  of  the  sternum  and  shoul- 
ders as  well  as  about  the  pelvis.    (Figs.  721  and  722.) 

The  padded  plates  are  incorporated  in  the  plaster;  and  when  the  jacket  is 
sufficiently  hard  to  allow  of  the  patient's  removal,  he  is  lifted  off  the  fork  and 
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placed  with  a  folded  pillow  under  the  hyperextended  back  until  the  plaster 
is  quite  firm.  It  is  trimmed  in  the  usual  way,  the  pins  which  held  the  padded 
plates  being  nipped  off  with  phers,  and  the  small  opening  over  the  plates  filled 
with  plaster  cream. 

If  the  disease  is  in  the  region  of  the  fomth,  fifth,  or  sixth  dorsal  vertebra 
it  is  wise  to  include  the  shoulders  in  order  to  keep  the  backward  pressure  at 
as  high  a  point  as  possible.     (Fig.  723.) 

The  Minerva  Jacket. — A  patient  with  cervical  or  high  dorsal  Pott's  disease 
should  have  the  head  included  in  any  apparatus  in  order  to  secure  fixation  of 


Fig.  723. — Jacket  Incorporating  Shoulders  for  Tuberculous  Disease  of  Third  to  Sixth   Dorsal  Ver- 
tebrae.   (Starr.) 

the  diseased  area  and  to  obtain  the  necessary  hyperextension.  (Fig.  724.)  This 
form  of  jacket  is  most  readily  put  on  in  the  recumbent  position  on  the  back. 
The  plaster  should  support  the  occiput  and  grip  the  forehead.  The  top  of  the 
head,  the  ears,  and  face  are  left  free,  and  the  openings  are  nicely  trimmed 
around  the  edges.     (Fig.  725.) 
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The  Plaster  Corset. — In  convalescent  cases  or  in  cases  where  a  sinus  exists, 
a  removable  corset  may  be  made  by  cutting  the  jacket  down  the  centre  before 
it  is  completely  hard.  Before  the  plaster  is  apphed  a  strip  of  sheet  tin  may 
be  placed  down  the  centre  of  the  body  so  that  in  cutting  the  plaster  down 
there  is  no  danger  of  injury  to  the  patient.     The  jacket  is  removed  by  spread- 


FiG.  724.  Fig.  725. 

Fig.  724. — Minerva  Jacket  for  Disea.se  of  Cervical  and  Upper  Dorsal  Vertebra'.     (Starr.) 
Fig.  725. — Side  View  of  Minerva  Jacket.     (Starr.) 

ing  the  edges  and  slipping  it  around  to  the  side  so  as  to  get  it  off  from  the  side. 
It  is  then  dried  for  twenty-four  hours,  a  shirt  is  put  over  the  outside  and  stitched 
to  the  edges,  and  then  a  series  of  hooks  attached  to  a  leather  strap  is  stitched 
to  the  adjoining  edges  to  allow  of  its  being  laced  up.  It  is  put  on,  while  the 
patient  is  suspended,  by  reversing  the  procedure  of  removal.    (Fig.  726.) 
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Steel  Supports. — The  various  steel  supports  have  for  their  object  the  fixa- 
tion, as  completely  as  possible,  of  the  spine.  Of  all  the  appUances  suggested, 
the  steel  brace  devised  by  Dr.  C.  F.  Taylor,  of  New  York,  is  probably  the  most 
efficient  as  well  as  the  simplest.  It  is  an  antero-posterior  support,  ha\'ing  a. fixed 
point  at  the  pel\-LS.  The  pehdc  band  may  be  a  flat  band  of  steel  passing 
around  the  pehns  just  between  the  crest  of  the  ilium  and  the  tip  of  the  tro- 
chanter, and  encircling  a  little  more  than  the  posterior  half  of  the  pehds,  or  it 
may  be  in  the  shape  of  an  inverted  L', 
the  arms  reaching  downward  as  far  as 
possible,  and  allowing  the  patient  to  sit 
down.  The  front  half  of  the  pehdc  band 
may  be  made  as  a  leather  belt,  or  the 
lower  .end  of  the  apron  which  covers  the 
abdomen  may  be  attached  to  the  ends 
of  the  band.  From  this  fixed  band  two 
non-flexible  steel  uprights  pess  upward  on 
either  side  of  the  spinous  processes  to  the 
vertebra  prominens,  where  they  end  by  be- 
ing riveted  to  a  short  cross-band  of  steel. 
Over  the  kyphus  a  special  pad  is  attached 
to  the  uprights  to  make  adequate  pressure 
over  the  diseased  area  and  at  the  same 
time  to  protect  the  skin.  From  the  cross- 
bar at  the  top,  two  shoulder  pads  rise 
over  the  shoulder  on  either  side  of  the 
neck.  (Fig.  727.)  The  body  is  fastened 
into  this  support  by  means  of  an  apron 
which  is  attached  to  the  shoulder  pads, 
and,  by  means  of  webbing  straps  around  the  chest  and  margin  of  the  ribs,  to 
the  uprights. 

The  difficulty  of  holding  the  upper  part  of  the  trunk  firmly  back  to  the 
support  has  been  recognized,  and  man}-  suggestioiLs  have  been  made  to  over- 
come it.  Whitman  has  an  additional  pad  placed  over  the  head  of  each 
humerus.  These  pads,  which  are  joined  together  by  a  steel  or  hard-rubber  bar, 
are  fastened  to  the  shoulder  pad  on  top  and,  by  means  of  axillary  bands,  to  the 
uprights.  In  the  Hospital  for  Sick  Children,  Toronto,  a  similar  dewe  is  used, 
but  it  is  attached  to,  and  made  part  of,  the  apron.  (Fig.  728.)  It  is  obvious 
that  to  be  efficient  this  support  must  be  accurately  fitted.  A  tracing  of  the 
spinous  processes  is  made,  by  means  of  a  lead  tape,  the  patient  meanwhile  lying 
on  his  face.  This  gives  the  mechanic  a  guide  to  the  shape  of  the  uprights.  After 
the  support  is  made  in  the  rough  it  should  be  fitted,  any  alterations  being 
easily  made  with  wrenches  by  the  surgeon  himself.     The  patient  should  never 


Fig.  726.— Plaster-of-Paris  Corset.   (Starr.) 
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be  turned  over  to  an  instrument  maker  to  furnish  a  support,  as  a  thorough 
knowledge  of  the  anatomy  and  the  pathology  of  the  disease  is  necessary  to 
its  perfect  adjustment.  The  support  should  be  worn  day  and  night.  It  should 
be  removed  once  a  day  with  the  patient  lying  on  his  face  or  side,  when  the 
back  should  be  bathed,  rubbed  with  alcohol,  and  powdered  with  talcum  powder. 
If,  in  spite  of  this  care,  the  back  gets  chafed  and  sore,  the  spHnt  must  be  re- 
moved and  the  patient  kept  recumbent  for  a  few  days  until  the  skin  is  healed. 
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Fig.  727. — Taylor  Spinal  Support  Applied,     (Starr.) 


The  patient  should  be  seen  at  intervals  and  the  splint  readjusted  when 
necessary,  as  the  growth  of  the  child  or  the  increase  or  recession  of  the  de- 
formity would  naturally  cause  a  misfit. 

Head  Supports;  Jury-mast. — The  maintenance  of  protection  and  fixation 
is  very  much  more  difficult  when  the  disease  is  in  the  cervical  or  upper  dorsal 
region,  as  some  method  of  supporting  the  head  must  be  introduced.  With 
the  plaster-of-Paris  support,  instead  of  the  Minerva  headpiece,  a  jury-mast 
may  be  attached.  (Figs.  729  and  730.)     It  is  made  of  a  piece  of  band  steel  in- 
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corporatecl  into  the  jacket  behind,  and  extending  upward  over  the  head,  with  a 
cross-bar  fixed  at  the  end.  To  the  cross-bar  a  diin-and-occiput  sling  is  at- 
tached, and  when  the  side  strains  are  tightened  a  fair  suspension  of  the  head 
is  obtained.  The  jury-mast  is  difficult  of  accurate  adjustment,  it  is 
very  unsightly,  and  altogether,  it  is  not  a  \ery  satisfactory-  method  of  su}>- 
porting  the  head.  The  fixation  also  produced  by  this  type  of  support  is 
not  adequate,  although  the  results  obtained  with  careful  watching  are  very 
satisfactory. 

A  greater  degree  of  fixation  may  be  produced  by  making  the  cross-bar 
stationar}\  This  should  be  done  if  the  disease  is  in  the  cervical  region,  but 
is  unnecessar}'  if  the  disease  is  m  the 
dorsal  region.  WTien  accurately  ad- 
justed the  spring  should  reach  nearly 
to  the  frontal  region  or  to  a  point  just 
in  front  of  the  ears.  The  supporting 
sling  should  have  the  chin  straps  tight- 
ened sufficiently  to  tilt  the  chin  slightly 
upward  and  extend  the  spine. 

Occipital  Sup]X)rt.  —  With  the  plas- 
ter jacket  or  a  Tajlor  spinal  support 
as  a  base,  a  band  of  steel  may  be  car- 
ried closely  up  the  back  of  the  neck 
and  head  to  the  occipital  protuberance 
with  a  L'  steel  band  attached  to  its 
upper  end,  reaching  forward  to  the  ex- 
ternal angular  process  of  the  frontal 
bone.  This  occipito-frontal  band  is 
completed  with  a  leather  strap,  and, 
if  the  upright  bar  is  bent  backward, 
fixation  and  extension  may  be  satis- 
factorily obtained.  (Figs.  731  and  732.) 
If  the  patient  is  difficult  to  control,  ad- 
ditional firmness  is  secured  by  running 
another  steel  band  from  the  nape  of 
the  neck  obhquely   upward   over   the 

mastoid  processes  to   join  the  horizontal  steel  band  at  its  anterior  ends, 
chin  strap  may  also  be  added  if  thought  desirable.  (Fig.  733.) 

Taylor  Chin  Cup. — The  head  support  suggested  as  an  addition  to  the  Taylor 
spinal  brace  consists  of  an  oval  ring  of  flat  steel,  hinged  at  one  side  and  ha^'ing 
a  catch  lock  on  the  other,  so  that  it  maybe  fastened  around  the  neck.  (Fig.  734.) 
This  ring  is  attached  to  the  upper  end  of  the  ordinary  steel  support  by  means 
of  a  ball-and-socket  joint.     To  the  anterior  portion  of  the  oval  ring  is  fitted  a 


Fig.  728. — Anterior  View  of   Tajlor  Spinal 
Support.      Showing  apron  and  shoulder  pads. 

(Starr.) 


A 
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hard-rubber  or  padded -aluminum  chin  cup,  into  which  the  chin  sinks.  By 
means  of  the  ball-and-socket  joint  at  the  back  any  desired  elevation  of  the  chin 
may  be  obtained.  This  support  can  be  made  to  carry  out  the  principles  laid 
down  for  the  treatment  of  disease  of  the  spine  and  is  certainly  much  more 
graceful  in  appearance  than  the  jury-mast.    (Fig.  735.) 

If  it  is  worn  for  a  gi'eat  length  of  time  it  causes  a  recession  of  the  chin  and 
gives  a  very  weak  expression  to  the  child's  face.     It  is  difficult  also  to  pro- 
tect the  skin  of  the  chin,  as,  when  eat- 


FiG.  729. 


Fig.  730. 


Fig.  729. — Plaster  Jacket  with  Jury-mast.     (Starr.) 

Fig.  730. — Posterior  View  of  Jacket  with  Jury-mast.     (Starr.) 


ing,  the  food  and  drink  tend  to  run  down  into  the  cup,  and  a  chafing  or  excori- 
ation of  the  chin  results. 

Thomas  Collar. — A  collar  made  of  leather  and  stuffed  with  dry  sawdust 
was  introduced  by  Thomas  of  Liverpool.  It  is  made  of  soft  leather  sufficiently 
wide  so  that  when  stuffed  it  will  rest  ui)on  the  clavicles,  sternum,  and  muscles 
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of  the  neck  below,  and  support  the  chin  and  head  above.     To  give  a  large  meas- 
ure of  support  it  must  be  repadded  from  time  to  time. 

Poroplastic  Collar. — At  the  Hospital  for  Sick  Children,  a  support  is  used 
which  rests  upon  the  shoulders  below,  and  supports  the  chin  and  occiput  above. 
It  is  made  by  cutting,  out  of  poroplastic  material,  a  shape  which  will  fit  as 
a  cape  over  the  shoulders  and  about  the  neck.  This  is  heated  in  the  oven,  and 
then,  while  soft,  it  is  moulded  about  the  neck  and  shoulders  of  the  patient  over  a 
shirt  so  as  to  prevent  a  bum.  It  is  subsequently  trimmed  and  bound  around 
the  edges,  the  inside  being  padded  if  so  desired, 
and  a  lacing  made  up  in  front.  A  chin  cup  is 
supported  from  two  uprights  at  the  front,  these 
uprights  being  adjustable  to  any  height  by 
means  of  a  thread  and  thumb-screw.  An  oc- 
cipital support  is  fastened  to  a  single  upright 
behind,  which  may  be  jointed  to  facUitate  its 
appUcation,    (Fig.  736.) 

Corsets.  —  Corsets  of  other  material  than 
plaster  of  Paris  may  be  used.  The  leather 
corset  has  the  advantage  of  being  more  dura- 
ble. It  is,  however,  more  cUfficult  to  make  and 
much  more  expensive,  and  is  difficult  to  make 
so  that  it  will  not  creak  on  movement.  A 
plaster  jacket  is  appUed  in  the  usual  way,  and 
when  partially  hardened  it  is  cut  off  and  then 
bandaged  together.  From  this  mould  a  cast 
is  made  by  filling  it  up  with  plaster.  About 
the  cast,  Hght  sole  leather,  pre\dously  soft- 
ened by  soaking  for  twenty-fom-  houi*s  in  water, 
is  stretched  and  tacked.  It  is  allowed  to  dry 
and  then  it  is  trimmed,  holes  are  pimched  in 
it  to  make  it  porous,  and  hooks  are  fastened 
along  the  edges  in  front  to  lace  it.     The  jacket 

hardens  as  it  dries  and  becomes  very  firm.     The  stiffness  may  be  increased  by 
painting  it  with  two  or  three  coats  of  shellac. 

The  celluloid  corset  is  very  Ught,  and  clearly  would  make  an  ideal  support 
if  it  could  be  easily  handled.  The  celluloid  is  obtained  in  sheets  and  must  be 
moulded  over  the  cast  while  very  hot,  after  soaking  in  hot  water.  To  protect 
the  hands  of  the  operator,  rubber  gloves  may  be  worn.  After  it  has  dried,  holes 
are  punched  in  it,  and  it  is  completed  in  the  same  manner  as  the  leather  jacket. 
This  corset  warps  very  easily  and  thus  readily  loses  its  shape.  It  is  also  very 
inflammable. 

Wood-fibre  and  paper  corsets  are  also  made,  but  have  not  sufficient  advantages 


Fig.  731. — Occipital  Support  Attached 
to  Taylor  Spinal  Brace.     (Starr.) 
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over  the  plaster  to  warrant  one  in  spending  the  time  or  energy  necessary  to 
make  them. 

Choice  of  a  Support. — In  the  choice  of  a  support  the  matter  of  expense  should 
be  considered.  The  plaster-of-Paris  jacket  is  the  cheapest  form  of  support 
that  can  be  made.  If  the  patient  is  not  likely  to  receive  careful  attention,  a 
soHd  plaster  jacket  is  the  support  which  can  be  least  meddled  with,  and  re- 
quires the  least  care.  If  the  parent  of  the  patient  can  be  trusted  to  care  for 
it  a  steel  support  carefully  fitted  gives  the  best  and  most  comfortable  support. 


Fig.  732. 


Fig.  733. 


Fig.  732. — Occipital  Support  for  Disease  of  Vertebra  in  Cervical  Region.     (Starr.) 

Fig.  733. — Showing  Fixation  of  Shoulders  and  Extension  of  Spine;    with  frontal  strap.     (Starr.) 

It  allows  of  better  care  being  taken  of  the  skin.  The  skill  of  the  operator  must 
also  be  considered.  Some  surgeons  cannot  succeed  in  putting  on  a  well-fitting 
plaster-of-Paris  jacket.  The  deformity  increases,  pressure  sores  result,  and 
the  whole  affair  is  a  general  misfit.  The  writer  has  seen  a  poor  weak  child 
suffering  with  Pott's  disease  afflicted  with  the  additional  burden  of  carrying 
around  a  band  of  plaster  nearly  three-quarters  of  an  inch  in  thickness  and 
reaching  only  from  the  nipple  line  to  the  crest  of  the  ilium.  This  type  of  jacket 
only  blinds  the  eyes  of  the  parents,  deludes  the  surgeon  into  thinking  that 
something  is  being  done,  and  in  the  end  is  harmful  to  the  little  sufferer. 
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When  to  Discontinue  Suppoiis. — It  is  most  important,,  and  also  most  diffi- 
cult, to  know  when  a  spinal  support  may  be  safely  discontinued.  Some  general 
principles  may  be  laid  down  which  will  be  of  assistance  in  deciding  this 
question.  In  any  ease  of  undoubted  Pott's  disease  the  treatment  should  not 
be  cUscontinued  within  one  year.  If  the  disease  is  more  extensive,  particu- 
larly if  accompanied  by  abscess  formation  or  paraplegia,  treatment  should  be 
continued  for  probably  three  years.  A^hen  no  abscess  exists,  when  all  muscular 
spasm  has  subsided  as  determined  by  the  hyperextension  of  the  back  by  ele- 
vating the  feet  when  the  patient  is  prone 


Fig. 734. 


Fig.  735. 


Fio.  734. — ^Taylor  Chin  Cun  for  Support  of  Head  in  Disease  of  Cervical  Vertebrae. 
Fig.  735. — Chin  Support,  with  Taylor  Brace.     (Starr.) 


(Starr.) 


upon  the  table,  when  no  pain  is  present,  and  at  least  a  year  has  elapsed  since 
treatment  was  started,  then  the  support  may  be  gradually  left  off,  the  patient 
being  carefully  watched  from  day  to  day  and  symptoms  noted. 

The  support  might  be  left  off  at  night  for  a  time  and  worn  in  the  dajiime, 
and  then  gradually  left  off  for  a  longer  and  longer  part  of  the  day,  and  finally 
discarded  altogether,  ^^^len  the  support  is  reapplied  the  position  of  the  patient 
should  be  similar  to  that  in  which  he  was  when  the  support  was  first  put  on: 
otherwise  proper  support  will  not  be  had  and  discomfort,  possibly  pain,  may 
result,  and  lapse  of  deformity  may  take  place. 
VOL.  IV. — 62 
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If  examination  of  the  spine  shows  that  there  is  increasing  flexibihty  and 
freedom  of  movement  from  day  to  day  and  week  to  week  without  pain  or  dis- 
comfort, then  the  patient  may  be  considered  safe.  If,  however,  the  move- 
ment of  the  spine  becomes  more  hmited  as  time  goes  on  and  there  is  complaint 

of  weakness  and  pain,  then  it  is  apparent 
that  the  support  has  been  left  off  too  soon, 
and  it  should  be  replaced. 

Treatment  of  Complications. 

Treatment  of  Tuberculous  Abscess. 
— Expectant  Treatment. — It  is  well  known 
that  if  properly  treated,  a  certain  proportion 
of  abscesses  disappears  in  patients  suffer- 
ing with  a  tuberculous  bone  lesion.  The 
fluid  portion  of  the  abscess  is  absorbed  and 
the  caseous  matter  left  becomes  encap- 
suled,  and  all  evidence  of  abscess,  except 
some  fibrous  thickening,  disappears.  This 
being  the  case,  it  certainly  is  the  part  of 
wisdom  to  watch  all  abscesses,  while  at 
the  same  time  the  spinal  lesion  is  ade- 
quately protected  and  the  general  condition 
of  the  patient  is  built  up  by  out-of-door  life,  abundant  and  nutritious  diet, 
and  general  tonics  of  tissue-building  type. 

In  this  connection  the  writer  feels  justified  in  making  the  statement  that 
all  tuberculous  bone  lesions  with  abscess  formation  can  be  more  efficiently 
treated  in  the  recumbent  position  than  by  any  ambulatory  plan,  and  it  has  be- 
come the  custom  here  to  put  such  patients  in  the  recumbent  position  with 
absolute  fixation,  in  the  hope  that  the  abscess  will  be  absorbed. 

The  question  next  arising  is,  what  symptoms  will  warrant  one  in  giving 
up  the  expectant  plan  and  resorting  to  more  radical  measures.  The  most 
significant  symptom  will  be  the  steady  increase  in  the  size  of  the  abscess  in 
spite  of  general  and  protective  treatment.  If  the  abscess  does  enlarge  it  does 
not  necessarily  mean  that  the  bone  lesion  is  getting  more  extensive  and  that 
the  increased  abscess  content  is  due  to  bone  debris.  On  the  contrary,  we  know 
that  the  bone  focus  is  often  quiescent,  and  that  the  increased  size  of  the  abscess 
is  due  to  invasion,  by  the  tubercle,  of  the  soft  tissues,  the  breaking  down  of 
which  forms  the  bulk  of  the  abscess  contents.  This  invasion  of  soft  tissue  is 
often  more  difficult  to  get  rid  of  than  the  original  focus. 

The  line  of  least  resistance  is  followed  by  the  gradually  increasing  mass 
and,  eventually,  it  will  work  to  the  surface. 


Fig.   736. — Chin  Support,  with  Poroplastic 
Collar.      (Starr.) 
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This  is  the  crucial  point  in  the  consideration  of  the  treatment  of  these 
abscesses.  If  the  abscess  be  allowed  to  open  spontaneously  it  will  of  course 
become  infected  very  quickly  with  septic  organisms,  and  we  then  have  the  danger 
element  which  we  are  anxious  to  avoid.  On  the  other  hand,  if  the  abscess  burrow 
too  close  to  the  skin,  one  of  two  things  may  happen — the  abscess  may  become 
infected  with  organisms  from  the  hair  follicles  or  sweat  glands,  or  the  skin 
itself  may  become  invaded  with  the  tuberculous  disease. 

The  point  especially  to  be  emphasized  is  that  surgical  interference  should 
take  place  before  either  possibihty  becomes  a  fact. 

Aspiration. — There  are  a  number  of  favorable  features  about  this  plan: 
It  can  be  resorted  to  without  an  anaesthetic  and  the  shock  of  an  operation,  it 
minimizes  the  possibility  of  ncuxed  infection,  it  lessens  tension  in  the  sac  and 
thus  reduces  the  tendency  to  extension  of  the  abscess. 

There  are,  however,  a  number  of  disadvantages.  It  withdraws  only  the  liciuid 
portion  of  the  contents,  and  the  subsequent  action  of  the  bacilU  or  toxins  causes 
a  liquefaction  of  the  caseous  material,  so  that  the  process  must  be  repeated, 
sometimes  on  several  occasions.  A  second  objection  is  that  very  frequently 
the  needle  plunges  into  a  caseous  mass  and  at  once  becomes  plugged,  and  the 
result  is  a  "dry  tap."  It  very  rarely  happens  that  any  large  quantity  of  the 
liquid  contents  is  withdrawn  before  the  needle  does  become  plugged,  and  this 
second  mechanical  difficulty  is  a  most  annoying  one.  Again,  on  the  withdrawal 
of  the  needle  the  abscess  contents  are  apt  to  follow  in  its  track,  and  a  tuber- 
culous track  results  which  will  ultimately  break  down  and  form  a  sinus. 

Injection  of  germicidal  agents,  with  or  without  the  withdrawal  of  any  of  the 
abscess  contents,  does  not  seem  reasonable;  as  any  agents  which  may  safely 
be  injected  into  a  closed  sac  without  endangering  life  can  scarcely  be  expected 
to  have  any  beneficial  effect.  The  plan  has  few  advocates,  and  while  it  is  not 
open  to  the  objection  of  adding  a  mixed  infection  it  does  not  seem  to  offer  any 
adequate  hope  of  getting  rid  of  the  outer  diseased  wall. 

Incision  and  Drainage. — This  is  the  common  method  of  treatment  advocated 
by  most  text-books,  even  the  most  recent  works  on  orthopedic  surgery  and 
diseases  of  bones  and  joints.  It  is  the  method  commonly  given  by  students 
when  asked  for  treatment  of  tuberculous  abscess.  The  abscess,  or  more  prop- 
erly tuberculous  cyst,  is  treated  exactly  like  any  ordinary  septic  abscess:  often 
without  any  aseptic  precautions  whatever.  This  always  results  in  a  long- 
continued  discharging  sinus,  with  frequent  painful  dressings,  foul  discharges, 
and  the  serious  chain  of  symptoms  pre\'iously  outlined,  often  endangering  the 
life  of  the  patient  and  always  making  his  condition  annoying.  The  single 
sinus  often  becomes  closed,  only  to  find  a  new  outlet  elsewhere,  until  the 
seat  of  the  disease  becomes  riddled  with  sinuses. 

Incision,  Evacuation  of  Contents,  Curetting  of  Wall,  and  Closure  of  the  IVound. — 
The  aseptic  incision  of  the  tuberculous  abscess,  in  two  or  more  positions  if 
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necessary,  the  careful  evacuation  and  wiping  but  of  contents  and  abscess  wall, 
with  the  closure  of  the  wound  or  wounds,  have  been  advocated  and  practised 
for  a  number  of  years  by  the  writer. 

The  results  as  compared  with  any  other  method  are,  in  my  experience,  vastly 
superior.  If  the  wound  fails  to  unite  because  of  tuberculous  infection  of  the 
edges  or  because  the  coapted  surfaces  are  too  thin,  the  result  is  still  as  good 
as  if  incision  alone  were  resorted  to. 

The  technique  of  the  method  is  to  have  the  region  thoroughly  prepared, 
as  for  any  aseptic  operation.  The  abscess  is  then  incised  freely,  the  con- 
tents are  thoroughly  evacuated,  the  wall  is  gently  curetted  with  a  Volkmann 
spoon  when  that  may  be  safely  employed,  and  the  cavity  is  wiped  out  with 
iodoform  gauze,  as  much  of  the  abscess  wall  being  removed  as  possible.  The 
edges  of  the  wound  are  then  carefully  cleansed  to  free  them  of  any  tuberculous 
infection,  and  brought  together  with  deep  sutures  in  order  to  approximate  as 
wide  areas  of  tissue  as  possible.  A  dry  antiseptic  dressing  is  then  applied, 
with  pressure  over  the  region  of  the  abscess  to  assist  in  the  obliteration  of  the 
space  which  it  occupied. 

The  writer's  series  covers  sixty  cases  of  tuberculous  abscesses  treated  in  this 
way,  nine  of  which  afterward  broke  down,  while  fifty-one,  so  far  as  they  can  be 
traced,  have  remained  perfectly  closed  for  from  six  months  to  five  years.  Two 
or  three  of  those  which  broke  down  are  accounted  for  by  the  fact  that  the 
abscess  had  burrowed  too  close  to  the  skin  and  the  skin  had  become  infected. 
This  could  be  guarded  against  in  future  by  excising  the  diseased  skin.  In  one 
or  two  instances  this  infection  resulted  from  opening  the  abscess  through  the 
thinned  part,  instead  of  making  the  incision  through  deeper  structures  so  that  a 
wider,  healthy  surface  could  be  coapted  in  closing  the  wound.  The  greater  the 
depth  of  healthy  tissue  one  can  keep  between  the  abscess  sac  and  the  outside  skin 
the  more  perfect  will  be  the  result.  Even  in  these  nine,  the  result  was  no  worse 
than  it  would  have  been  had  the  wound  been  left  open,  while  the  other  fifty-one 
were  spared  the  possibility  of  danger  and  the  annoyance  of  frequent  dressings. 

A  ten-per-cent  emulsion  of  iodoform  in  sterilized  glycerin  was  formerly 
poured  into  the  cavity  after  evacuation  of  the. abscess  contents,  but  this  has 
been  abandoned  on  account  of  the  dehydrating  effect  of  the  glycerin  on  the 
tissues  and  the  consequent  filling  up  of  the  cavity  with  serum.  To  be  sure  the 
serum  is  soon  reabsorbed,  but  in  some  instances,  at  least,  the  filling  up  with 
fluid  in  the  first  few  hours  is  enough  to  endanger  the  line  of  sutures  and  force 
open  the  wound. 

Von  Mikulicz  claimed  that  the  iodoform  has  a  specific  effect  on  the  tubercle 
bacillus.  The  experience  of  the  writer  and  of  others  (as  Sherman  of  San  Fran- 
cisco) does  not  seem  to  bear  this  out.  In  any  case  the  wiping  out  with  ten-per- 
cent iodoform  gauze  must  leave  a  fair  amount  of  iodoform  behind  it  without 
leaving  the  harmful  glycerin. 
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A  retropharyngeal  abscess,  if  producing  serious  dyspnoea,  should  be  opened 
through  the  mouth.  A  bistoury  blade  should  be  covered  to  within  half  an  inch 
of  its  point  and  the  abscess  freely  opened.  Care  should  be  taken  to  have  the 
head  low  so  as  not  to  allow  of  inhalation  of  the  pus  into  the  trachea.  If  the 
abscess  is  causing  no  marked  obstruction  to  the  breathing,  it  may  be  reached 
from  the  posterior  triangle  of  the  neck.  In  this  way  the  risk  of  infecting  the 
abscess  ca\dty  is  minimized  and  there  is  no  danger  of  producing  a  septic 
pneumonia. 

A  mediastinal  abscess  is  difficult  to  locate,  and  cUfficult  to  reach  after  it  is 
located.  The  only  way  to  evacuate  such  an  abscess  is  to  make  an  incision 
longitudinally  through  the  skin,  over  the  line  of  the  transverse  processes,  and 
separate  the  fibres  of  the  erector  spinae  muscle  down  to  the  ribs.  Two  or  three 
ribs  may  be  di\'ided  at  their  tubercles  and  removed  with  the  transverse  proc- 
esses of  the  adjoining  vertebra?.  The  fingers  are  then  inserted  and  after  the 
pleurae  have  been  separated  the  anterior  surfaces  of  the  vertebrae  are  explored 
and  the  abscess  opened. 

Treatment  of  Sinuses. — After  an  abscess  connected  with  the  spine  has 
become  infected,  the  ca\'ity  will  continue  to  discharge  for  months  and  some- 
times for  years.  The  original  sinus  may  close  up,  only  to  have  the  discharge 
break  out  elsewhere.  The  usual  method  of  treatment  of  a  septic  ca\'ity  is  to 
see  that  the  sinus  leading  to  it  is  free,  so  that  adequate  drainage  is  established. 
As  the  bone  lesion  becomes  quiescent  the  sinus  will  fill  up  with  granulation 
tissue  from  the  bottom,  and  closure  by  this  means  is  hkely  to  be  permanent. 
To  estabhsh  this  perfect  drainage,  a  tube  of  rubber  answers  the  purpose  better 
than  one  composed  of  any  other  material.  If  the  sinus  is  long,  as  in  the  case 
of  a  high  psoas  abscess,  a  catheter  of  good  calibre,  with  several  openings  made 
in  the  sid?,  will  follow  the  tract  better  than  a  plain  rubber  tubing.  Gauze, 
unless  rolled  in  i-ubber  tissue,  does  not  make  an  efficient  drain,  especially  if  it  is 
''  packed"  into  the  sinus,  as  is  usually  the  case.  A  single  strand  of  gauze  carried 
to  the  bottom  of  the  sinus,  and  the  outer  end  kept  moist,  will  establish  a 
capillary  drain,  but  the  sinus  closes  in  from  the  side,  and  soon  it  is  difficult  to 
get  the  gauze  to  the  bottom.  A  tube  will  be  gradually  crowded  out  by  the 
granulations,  and  can  be  cut  off  from  time  to  time  as  necessary. 

The  Bier  method  of  treatment  of  sinuses  or  infected  spaces  by  hypera^mia, 
has  proven  very  successful  in  many  hands.  The  hypersemia  is  produced  in 
the  case  of  a  tuberculous  sinus  by  a  cupping  or  suction  apparatus.  Tlie  cup 
is  applied  over  the  mouth  of  the  sinus,  a  vacuum  is  produced  by  means  of  the 
rubber  bulb,  and  a  resulting  congestion  of  the  sinus  wah,  with  evacuation  of  the 
contents  of  the  sinus,  is  produced.  The  cupping  is  continued  for  from  three  to 
five  minutes,  followed  by  a  like  inten-al;  and  then  the  cup  isreappfied,  until, 
in  all,  a  half-hour's  congestion  has  been  kept  up.  Tliis  process  is  repeated  eveiy 
twenty-four  hours.  The  result  is  that  frequently  the  granulations  are  stimulated; 
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and  as  the  discharge  is  removed  at  the  same  time,  the  sinuses  which  have  stub- 
bornly resisted  all  treatment  close  up.  The  reason  for  the  beneficial  results 
obtained  by  hj'pera?mia  of  the  part  is  difficult  to  discover,  but  may  possibly 
be  accounted  for  on  the  hypothesis  of  Wright,  that  it  increases  the  number  of 
white  blood  corpuscles  and  therefore  increases  the  phagocytic  action  with  conse- 
quent destruction  of  the  infective  organisms.  At  the  same  time  that  improved 
drainage  is  being  maintained,  and  hyperemia  of  the  part  is  being  continued, 
the  general  condition  of  the  patient  should  be  improved  to  the  utmost  degree 
by  keeping  him  in  the  open  air,  increasing  nutrition  bj^  a  forced  diet  and  by 
the  giving  of  tissue-building  tonics. 

Treatment  of  Paraplegia. — The  percentage  of  recoveries  without  oper- 
ative interference  is  very  large.  In  a  series  collected  by  Little,  Lorenz,  Wull- 
steiu,  Lovett,  Dollinger,  and  Vulpius,  62.5  per  cent  recovered.  Taylor  and 
Lovett  found  that  in  forty-seven  cases  of  paraplegia  occurring  in  private  prac- 
tice, eighty-three  per  cent  recovered. 

In  a  case  where  paraplegia  is  expected,  the  patient  should  be  put  in  the 
recumbent  position,  either  in  a  solid  plaster-of-Paris  jacket  or  in  a  Gypsbette 
of  Lorenz,  with  the  spine  in  a  position  of  hyperextension.  If  the  disease  is 
advanced,  and  there  is  complete  paraplegia  with  spasm  of  the  muscles  and 
flexion  deformity,  extension  may  be  made  from  both  lower  extremities  by 
means  of  the  adhesive  plaster  extension  and  pulley  apparatus.  Counter- 
extension  must  be  made  on  the  head  by  means  of  a  chin-and-occiput  sling 
attached  to  a  weight  over  a  pulley  at  the  upper  end  of  the  bed. 

In  cases  of  cervical  or  high  dorsal  Pott's  disease  with  paraplegia,  it  may  be 
sufficient  to  make  extension  by  means  of  the  chin-and-occiput  support  with 
elevation  of  the  head  end  of  the  bed,  so  as  to  make  a  counter-pull  by  the  weight 
of  the  body. 

Potassium  iodide  seems  to  have  a  beneficial  effect  on  a  great  many  of  these 
cases.  It  is  best  administered  after  meals  in  a  little  milk.  If  a  solution  is 
made  so  that  each  drop  represents  a  grain  of  the  potassium  salt,  as  much  as 
three  or  four  grains  may  be  given  three  times  daily  at  first,  and  the  dose  in- 
creased a  drop  each  day  until  symptoms  of  iodism  appear.  Children  develop  a 
marked  tolerance  of  the  drug  when  given  in  this  way.  One  patient  of  the  writer 
was  given  as  much  as  four  drachms  a  day  for  several  weeks  without  showing 
any  symptoms  of  iodism  or  disturbance  of  the  stomach. 

Operative  Treatment. — In  some  cases  which  resist  the  expectant  or 
recumbent  treatment,  it  may  be  suspected  that  a  spicule  of  bone  is  making 
pressure  on  the  cord  and  keeping  up  the  nervous  symptoms,  or  that  an  abscess 
may  have  burst  through  the  posterior  wall  of  the  vertebral  body  and  that  its  pres- 
ence keeps  up  the  symptoms.  In  these  instances  a  laminectomy  may  be  ad- 
vised. An  incision  is  made  in  the  middle  line  over  the  spinous  processes,  and 
the  erector  spina)  is  stripped  from  the  spines  and  laminae  by  means  of  a  peri- 
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osteal  elevator.  With  a  cutting  bone-forceps  the  spines  of  the  three  or  four 
vertebrae  at  the  kyphus  are  nipped  away,  and  with  a  laminectomy  forceps 
the  laminse  are  di\'ided  on  each  side  and  removed.  It  is  not  necessan,-,  as 
a  rule,  to  open  the  dura,  which  is  now  exposed.  The  surface  of  the  neural 
canal  should  be  explored  with  a  bent  probe  and  any  spicule  of  bone  removed, 
or  abscess  evacuated.  The  wound  should  be  closed  with  a  small  drain  left 
in  the  most  dependent  portion  for  twenty-four  hours  to  prevent  any  accumu- 
lation of  blood  about  the  cord.  The  patient  should  he  upon  the  face  for  a 
time,  until  the  wound  is  healed.  Tlie  chest  and  pehis  may  be  supported  on 
pads  or  pillows  so  as  to  keep  the  spine  somewhat  extended. 

Calot's  Operation. — The  operation  of  forcible  redressement  of  the  deformed 
spine  was  performed  by  Hippocrates  and  later  by  Ambroise  Pare.  In  1896 
Calot  of  Berck-sur-Mer  re^'ived  the  operation,  and  a  large  number  of  cases  were 
so  treated.  The  patient  is  anaesthetized  and  placed  face  downward  upon 
two  cross-benches  well  padded,  one  under  the  chest  and  the  second  under  the 
pelvis.  "UTiile  forcible  extension  is  made  by  assistants  upon  the  arms  and 
head  in  one  direction,  extension  is  made  in  the  opposite  direction  upon  the 
feet  by  more  assistants,  and  the  operator  makes  strong  manual  pressure  down- 
ward on  the  kyphus.  The  kj'phus  is  easily  broken  down  and  the  deformity 
overcome.  A  plaster-of-Paris  jacket  is  then  appUed  to  maintain  the  spine 
in  the  corrected  attitude.  This  support  is  continued  for  from  nine  months 
to  several  yeai"s. 

At  the  time  of  the  operation  a  gap  must  be  made  by  the  separation  of  the 
fused  vertebral  bodies.  It  was  thought  that  this  gap  would  fill  up  with  bony 
tissue,  but  such  has  not  proved  to  be  the  case:  as  only  fibrous  tissue  filled  up  the 
gap,  and  in  a  great  majority  of  the  cases  the  deformity  gradually  returned. 
The  mortality,  immediate  and  remote,  of  the  operation  was  so  great  that  it  has 
been  practically  abandoned.  Extensive  and  fatal  hemorrhage  took  place  in  some 
cases;  meningitis,  rupture  of  the  pleura,  and  pneumonia  caused  many  deaths; 
and  the  favorable  results  were  not  such  as  to  warrant  the  continuance  of  the 
operation. 

In  some  cases  of  paraplegia,  the  paralysis  was  relieved  by  the  operation, 
but  the  same  reHef  can  be  obtained  by  the  gradual  redressement  which  takes 
place  with  the  patient  in  a  position  of  hyperextension  of  the  spine  on  a  WTiit- 
man  frame,  or  in  a  plaster  jacket  applied  in  a  hyperextended  position  of  the 
spine  and  changed  frequently,  to  increase  the  degree  of  hyperextension. 
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by  surface  appUcation,  236 
constriction,    cooling,   and  adrenalin 

as  aids  in  its  production,  234 
general  considerations,  231 
geneial  preparations  and  technique, 

238-240 
in  surgery  of  abdomen,  251-256 
of  breast,  245 

of  genito-urinary  system,  249, 250 
of  goitre,  244 
of  head,  241 
of  larynx,  244 

of  lower  extremity,  247-249 
of  neck,  243-245 
of  rectum,  250 
of  skin,  240 
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Anaesthesia,  local,  in  surgery  of  thorax,  245 

of  upper  extremity,  methods  of 
Crile  and  Matas,  243 
indications     and    contra-indications, 

237 
methods  of  application,  236 
preparation  of  solutions  for,  234-236 
production  of,  231 
special  application,  240-256 
varied  sensibility  of  different  tissues, 
239 
mixed,  173 

advantages  and  disadvantages  of,  174 

mouth  gags,  tongue  forceps,  and  various 

appliances  that  may  beneeded  in,  176- 

178 

physical  examination  of  patient  prehm- 

inary  to,  175 
preparation  of  the  patient  for,  172 
recovery  period,  227 
spinal,  256-262 

drugs  used  in  producing  it  and  thfeir 

doses,  258 
extent  of  its  influence,  and  on  what 

dependent.  257 
in  rectal  surgery,  250 
indications  and  scope,  260-262 
impleasaut  and  dangerous  symptoms 
connected  with  its  use,  257 
vomiting  during  or  after,  the  management 
of,  228 
Anaesthesia  dolorosa  and  its  explanation,  234 
Anaesthetic  agents  and  methods,  choice  of,  211 
mixtures,  action,  and  mode  of  adminis- 
tration of,  203 
safety  of,  202 
Anaesthetics,  administration  of,  178 
after-effects  of,  227 

and    the    production  of  general  anaesthe- 
sia, 169 
choice  of,  in  operations,  147 
historical  sketch  of  their  introduction  and 

use  in  surgery,  169-172 
in  sequence,  administration  of,  208 
various  forms  of,  209 
Anaesthetist,    preparation    and   equipment    of 

the,  175 
Anaesthetization  of  aged  patients,  213 
of  infants  and  children,  212 
of  patients  having  obstruction  in  the  up- 
per air  passages,  the  use  of  tubes  in, 
213,  214 
of  so-called  "difficult  subjects,"  213,  214 
Anaesthetized    patient,    attentions    demanded 

for  his  care  and  comfort,  148 
Anaesthol  as  an  anaesthetic,  202 

introduced  by  Willy  Meyer,  1 72 
Aneurism    and    atheroma,    anaesthetics    indi- 
cated in.  221 


Aneurism  and  atheroma  of  aorta,  diagnosed 

from  Pott's  disease,  955 
Angular  curvature  of  spine   (and  see   Pott's 

disease),  927 
Ankle-joint,  congenital  dislocation  of,  766 

disarticulation  at  (Syme's  operation),  sur- 
gical anatomy,  329 
excision  of,  457-463 
normal  motion  at,  915 
Ankylosis  of  the  hip,  arthroplastic  operation 
by  Murphy,  376,  377 
of  the  knee,  bony,  as  an  indication  for  ex- 
cision or  arthroplasty,  438 
of  the  shoulder  as  an   indication  for  ex- 
cision, 395 
Anterior  reposition,  in  congenital  dislocation 

of  the  hip,  762 
Antero-posterior  curvature  of  spine  (and  see 

Pott's  disease),  927 
Aorta,  abdominal,  Ugature  of,  transperitoneal 
and  retroperitoneal  methods,  506 
distortion  of,  in  Pott's  disease.  938 
Arlt's  method  of  blepharoplasty,  675 
Arm,  amputation  of,  by  circular  method.  299 
by  method  in  which  anterior  and  pos- 
terior flaps  are  employed,  299 
methods  of,  299 
surgical  anatomy,  298 
through  the  surgical  neck  of  the  hu- 
merus, 300 
Arteries  and  veins,  Hgature    of,  in  their  con- 
tinuity, 468 
guides  for  incision  and  locating.  469 
Ugature  of  indi\-idual,  476 
temporary  control  of  the  circulation  in, 
by  hgature,  475 
Arthrectomy,  definition  of  term,  368 
Arthritis,  neuropathic,  as  a  cause  of  patholog- 
ical dislocation,  8 
suppurative,   as  a  cause  of  pathological 
dislocation,  8 
of  the  shoulder  joint  as  an  indication 
for  excision,  395 
Arthrodesis,  at  hip,  for  paralytic  deformities  of 
the  lower  extremities,  869 
for  acquired  taUpes,  92 1 ,  923 
for  infantile  paralysis,  843 
Arthroplastic  operation  for  ankylosis  of  knee, 

report  of  case  by  Murphy,  375 
Arthroplasty,  aims  of  the  operation,  372 

Murphy's   studies  on  the   restoration  of 

mobiUty  and  function  in  a  joint,  373 
principles  involved  in  Murphy's  operation 
for  adhesive  synoxdtis,  373,  374 
Artificial  ears,  728 

noses,  717 
Aspiration,    apparatus    of    Dieidafoy    and   of 

Potain,  601 
Asthma,  anaesthetics  indicated  in,  221 
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Astragalectomy,  for  talipes,  909 

Astragalocalcaneoid  joint,  motion  at,  915 

Astragalus,  dislocations  of,  100 
excision  of,  464 

Avieenna's  method  of  reducing  forward  dislo- 
cations of  the  humerus,  43 

Axilla,  not  a  favorable  seat  for  local  anaesthe- 
sia, 247 

Ballance-Edmunds  stay  knot  described,  473 
Bandage-machines,  543 
Bandages,  541 
Barton's,  550 
caoutchouc,  591 
circular,  547 
classification  of,  542 
compound,  576 
Desault's,  559 
dimensions  of,  544 
Esmarch's,  596-600 
figure-of-8,  549 
four-tailed,  579 
fixation,  history  of,  581-583 
fronto-occipital,  549 
gauntlet,  563 
Gibson's,  551 
manufacture  cf,  543 
Martin's  india-rubber,  596-600 
materials,  541 
oblique,  547 
occipito-facial,  552 
of  breast,  double,  567 

single,  566 
of  chest,  anterior  figure-of-8,  565 

posterior  figure-of-8,  565 

spiral  (two  forms),  566 
of  elbow,  figure-of-8,  560 
of  eye,  one,  554 
of  eyes,  both,  554 
of  finger,  reversed  spiral,  565 
of  finger,  spiral  (three  forms),  563-565 
of  foot  and  ankle,  figure-of-8,  573 
of  foot,  recurrent,  575 

reversed  spiral,  573 

serpentine,  574 

spica,  574 

spiral,  573 
of  forehead  and  chin,  553 
of  forehead  and  neck,  553 
of  forehead  and  upper  lip,  553 
of  great  toe,  serpentine,  575 

spica,  575 
of  groin,  ascending  single  spica,  568 

descending  single  spica,  569 
of  groins  (both),  ascending  spica,  569 

descending  spica,  570 
of   hand    and    wrist    dorsal,     figure-of-8, 
561 

palmar,  figure-of-8,  561 


Bandages,  of  hand,  demi-gauntlet  dorsal,  561 
demi-gauntlet  palmar,  562 
of  head,  549 
crossed,  552 
oblique,  549 
recurrent,  550 
of  jaw,  oblique,  553 
of  knee,  figure-of-8,  571 
of  knees  (both),  figure-of-8,  571 
of  leg,  long  figure-of-8,  573 

short  figure-of-8,  572 
of  lower  extremity,  reversed  spiral,  572 
of  neck  and  axilla,  figure-of-8,  555 
of  neck,  combined,  556 
of  shoulder,  ascending  spica,  556 

descending  spica,  557 
of  thumb,  spica,  563 
of  upper  extremity,  reversed  spiral,  560 
paraffin,  591 

plaster  of  Paris,  application  of,  586-588 
manufacture  of,  584 
precautions    necessary  during  appli- 
cation of,  584-586 
removal  of,  588-590 
pressure,  596 
recurrent,  549 
retractor,  580 
reversed  spiral,  548 
Scultetus,  580 
soluble  glass,  590 
spica,  548 
spiral,  548 

starch,  application  of,  590 
triangular,  578 
uses,  541 

Velpeau's,  557-559 
Bandaging,  541-600 

general  rules  for,  545-547 
Banden's  modification  of  Lisfranc's  operation, 
324 
operation  of  disarticulation  at  the  knee 
joint,  345 
Bardenhauer  and  Schimmelbusch's  operation 

for  restoring  the  cheek,  647 
Bartlett's  method  of  repairing  cheek,  639 
Bayer's  operation  for  restoration  of  lower  part 

of  nose,  702 
Bennett's  closed  ether  inhaler,  description  and 
mode  of  use,  192 
combined    nitrous-oxide    and    ether    in- 
haler, 172 
gas  and  ether  inhalation  apparatus,  209, 

210 
gas  inhaler,  its  mechanism,  and  precau- 
tions in  using  it,  180 
Benqu6  or  "Narcotile"  inhaler  for  ethyl  chlo- 
ride, 205,  206 
Berg's  operation  for  restoration  of  lower  lip, 
659 
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Berger's  method  of  rhinoplasty,  686 
Bier  method  of  treating  sinuses  in  Pott's  dis- 
ease, 981 
Bigelow's  method  for  the  reduction  of  back- 
ward dislocations  of  the  hip,  98 
Binder,  abdominal,  578 
Biasius'  method  of  rhinoplasty,  683,  685 
operation  (blepharoplasty).  673 

for  restoration  of  lower  lip,  658 
Blepharoplasty,  672 
Arlt's  method,  675 
Biasius'  operation,  673 
Burow's  operation,  677 
DiefTenbach's  method,  674 
French  method  of,  674 
Fricke's  operation,  672 
Harlan's  method,  675 
Hasner's  operation,  673,  676 
Indian  method  of,  672 
Italian  method  of,  678 
Knapp's  operation,  677 
Landolt's  operation,  674 
Monks'  operation,  674 
Szymanowski's  method,  675 
von  Siklossy's  operation,  675 
Blood  and  its  constituents  as  furnishing  con- 
tra-indications   to   operating  and   to   some 
ana;sthetics,  122 
Bone  abscess,  in  Pott's  disease,  935 
Bones  and  joints,  excisions  of,  general  consid- 
erations and  definition,  367 
Bonnet's  operation  for  restoration  of  alse,  696 

for  ectropion,  668 
Bouisson's  method  of  restoring  the  alae,  696 
Bow-leg  (and  see  Genu  Varum),  860 
braces  for,  861 
operative  treatment,  862 
treatment,  861 
Brace  for  bow-legs,  861 
Bradford  frame,  for  Pott's  disease,  961 
Bratz's  retention  spUnt  for  torticollis,  785 
Breast  bandage,  566,  567 
Breast  binder,  579 

Breast  operations  not  adapted  to  local  anaes- 
thesia, 245 
Bronchitis,  ana>sthetic8  indicated  in  the  pres- 
ence of,  221 
Brown's   (Buckminster)   splint  for  torticollis, 

788,  789 
Buchanan's  operation  for  restoration  of  lower 

hp,  657 
Buck's  (Gurdon)  operation  for  restoring  upf)er 

hp,  651 
Bunion,  894 

Burow's  method  of  flap  formation  in  plastic 
operations,  615 
operation  (blepharoplasty),  677 

Calot's  operation  in  Pott's  disease,  983 


Caoutchouc  bandages,  591 

Caput  obstipum  (and  see  Torticollis),  767 

Carbuncle,  choice  of  anaesthetics  in  treating, 

222 
Carcinoma  of  spine,  diagnosed  from  Pott's  dis- 
ease, 955 
Carden's  operation,  345 

Cardiac  dilatation,  acute,  post-operative  treat- 
ment of,  160 
Caries  of  spine  (and  see  Pott's  disease),  927 
Carpus,  congenital  dislocation  of,  742 
treatment,  746 
.  dislocations  of  the  second  row  and  of  in- 
di^^dual  bones  of,  65 
"Carrj-ing  angle,"  definition  of  the  tern;,  51 
Catheterization,  precautions  to  be  observed  in, 

158 
Cerebral  paralysis  and  its  deformities,  871 
Cer\-ical  vertebrae,   treatment   of  dislocatioiis 

of.  24,  25 
Chloroform  accidents  and  their  treatment,  201 
administration  of,  198-202 
as  an  anaesthetic,  its  properties,  and  ac- 
tion when  inhaled,  197,  198 
anaesthesia,  signs  of  complete,  200 
signs  of  its  being  too  deep,  201 
signs  of  its  being  too  hght,  201 
Cheek,  plastic  surgery  of  the,  638-647 

Bardenhauer    and    Schimmelbusch's    op- 
eration, 647 
Bartlett's  method,  639 
Czemy's  operation,  643 
Gersuny's  operation,  640 
Gussenbauer's  operation,  642 
Hahn's  operation,  646 
Israel's  operation,  644 
Kraske's  operation,  642 
Monod  and  Van  Vert's  method,  647 
Cheyne  and  Burghard's  operation  on  external 

ear,  722 
Chopart's  operation,  procedure  and  results,  325 

for  restoration  of  lower  Up,  660 
Cicatrices,  Treves'  classification  of,  268 
Cicatricial  deformities,  correction  of,  see  Plas- 
tic surgery 
Cigarette  drains,  539 
Clavicle,  dislocations  of,  31 
excision  of,  401,  402 
habitual  luxation  of  the  inner  end,  33 
wiring  of,  under  local  anaesthesia,,  245 
Clover's  closed  inhaler  for  ether,  191 

combined  nitrous-oxide  and  ether  inhaler, 
171 
Club-foot  (and  see  Talipes  equino-varus),  899 
in  infantile  paralysis,  815 
Judson's   modification   of  Taylor's  brace 

for,  910 
Taylor's  brace  for,  910 
Taylor's  shoe  for,  830,  831 
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Cocaine  as  used  for  local  aiiiEsthesia,  232 

as  used  for  spinal  ansesthesia,  258 
Coccygodynia,  28 
Coccyx,  dislocation  of,  28 
Collodium  as  a  dressing,  537 
Complexus  muscle,  anatomy  of,  788 
Complications,  post-operative,  153 
Congenital  deformities,  etiology,  731 
Hoffa's  classification  of,  733 
Riedinger's  classification  of,  733 
Tubby's  classification  of,  733 
varieties  of,  733 
Young's  theory  of,  734 
dislocations,  731 
genu  recurvatum,  765 
torticollis,  767 
Contracted  foot,  891 

Cooper's  (Sir  Astley)  method  of  reducing  for- 
ward dislocations  of  the  humerus,  44 
method    of    treating    dislocations    back- 
ward of  both  bones  at  the  elbow,  55 
Corsets,  for  Pott's  disease,  975 
Coxa  valga,  857 
vara,  848 

bilateral,  850,  851,  852 
cervical,  849,  851 
diagnosis,  852 
epiphyseal,  850 
etiology,  848 

in  congenital  dislocation  of  hip,  751 
latent,  849 

operative  treatment,  854 
physical  effects,  850 
symptoms  of,  851 
treatment  of,  853 
types  of,  848,  849,  850. 
Croft's  method  of  flap  transfer  in  plastic  sur- 
gery, 619 
Cuneiform  bones,  dislocations  of,  102 

osteotomy  for  talipes,  94 
Cupping,  604 
Curvature  of  legs,  anterior,  867 

of  spine,  angular  (and  see  Pott's  disease), 

927 
of  spine,  antero-posterior  (and  see  Pott's 
disease),  927 
Cushing's  "morphia-cocaine-chloroform"  com- 
bination for  anaesthesia,  238 
technique  for  operation  on  inguinal  hernia, 
255 
Cystitis,  post-operative,  159 
Czerny's  operation  for  restoring  the  cheek,  643 

for  saddle  nose,  710 
Czerwinski's  operation  for  saddle  nose,  715 

Deformities  and  disabilities  of  the  lower  ex- 
tremities, 848-926 
Delanger's  method  of  prosthesis,  625 
Delpech's  method  of  rhinoj)lasty,  683 


Demon's  method  of  repair  of  septum,  704 
De  Nancrdde,  Charles  B.  G.,  on  influences  and 
conditions  which  should  be  taken  into  ac- 
count before  one  decides  to  operate,  107 
Denonvillier's  operation  for  restoration  of  alae, 

694 
De  Page's  operation  for  saddle  nose,  709 
De  Trey's  somnoforme  inhaler,  207,  208 
Diabetes,   as  influencing  the  choice  of  anaes- 
thetics, 222 
Diastasis  of  the  head  of  the  ulna,  64 
of  the  distal  end  of  the  fibula,  94 
of  the  lower  epiphysis  of  the  femur,  88 
Diday's  operation  for  webbed  fingers,  635,  636 
Didot's  operation  for  webbed  fingers,  635 
Dieffenbach's  method  of  blepharoplasty,  674 
of   flap  formation,   in   plastic   opera- 
tions, 615 
of  repair  of  septum,  704 
of  restoring  the  alse,  697 
of  rhinoplasty,  681,  G88 
of  treating  saddle  nose,  707 
operation  for  ectropion,  669,  670 

for  restoration  of  lower  lip,  654 
for  saddle  nose,  714 
Digital   compression   to   prevent   hemorrhage, 

267 
Diphtheritic  paralysis,  diagnosed  from  infan- 
tile paralysis,  824 
Disarticulation  at  the  ankle  joint  (Syme's  op- 
eration), 329 
at  the  hip  joint  by  antero-posterior  flaps, 
cut  by  transfixion,  359 
details  of  the  procedure,  353-355 
Lister's  procedure,  357 
Lloyd's  method  of  controlling  hemor- 
rhage, 351 
McBurney's    method    of    controlling 

hemorrhage,  351 
methods  of   controlling   hemorrhage, 

351 
precautions  against  shock,  351 
Senn's  bloodless  method,  355 
surgical  anatomy,  350 
through  an  anterior  racquet  incision, 

358 
through  an  external  racquet  incision, 

356,  357 
Trendelenburg's  method  of    control- 
ling hemorrhage,  352 
Wyeth's  bloodless  method,  352 
at  the  knee  joint,  by  the  elliptical  method 
(Banden's  operation),  345 
by  lateral  flaps  (Stephen  Smith),  344 
by  a  long  anterior  flap  (Pollock's  op- 
eration), 345 
at     the     medio-tarsal     joint     (Chopart's 

operation),  324 
at    the    metacarpo-phalangeal   joint,    the 
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oval  method,  the  method  by  equal  lat- 
eral flaps,  283,  284 
Disarticalation   at  the   wrist   joint,    elliptical 
operation,  288 
long  palmar  flap,  287 
methods,  287,  289 
of  the  anterior  portion  of  the  foot  at  the 
tarso-metatarsal    joint    (Lisfranc's    op- 
eration), 320 
of  great  toe  at  the  metatarso-phalangeal 
joint,  314 
terminal  phalanx,  313 
together  with  its  metatarsal  bone,  in- 
struments needed,  317 
of  little  toe,  together  with  its  metatarsal 

bone,  318 
of  phalangeal  joints,  exceptions  as  to  re- 
moval of  proximal  phalanx,  283 
(first  surgical),  two  methods,  282 
of  second,  third,  or  fourth  toe,  with  its  re- 
spective metatarsal  bone,  319 
of  toes  at  the  metatarso-phalangeal  joints, 

315 
of  two  toes,  together  with  their  metatar- 
sal bones,  319 
subastragaloid,  surgical  anatomy,  326 
with  a  heel  flap,  327 
Diseases  and  injuries  of  joints,  1 

constitutional  and  chronic,  as  modifying 
the  prognosis  of  operations,  128-130 
Dislocations,  by  Emmet  Rixford,  3 
as  classified  etiologically,  4 
as  distinguished  from  diastasis,  3 
basis  of  Malgaigne's  classification  of,  5 
complete    and    partial,    as    distinguished 

from  each  other,  3 
complications  of,  14 

congenital  (and  see   Congenital   deformi- 
ties), 9,  731 
elevation  of  scapula,  735 
etiology,  731 

Kirmisson's  theory  of,  734 
genu  recurvatum,  765 
obstetrical  paralysis  of  shoulder,  738 
of  ankle,  766 
of  carpus,  742 
of  elbow,  741 
of  hip,  746 
of  humerus,  738 
of  patella,  765 
of  shoulder,  738 
of  trunk,  735 
of  wrist,  742 
Stimson's  theory  of,  734 
Young's  theory  of,  734 
definition  of  the  term,  3 
diagnosis  of,  15 
double  or  total,  4 
frequency  of,  11-13 


Dislocations,  general  considerations,  3 
habitual,  4 

importance  of  x-ray  examination  in  diag- 
nosis of,  16 
of  acromio-clavicular  joint,  pathology,  34 
of  ankle,  rotary,  96,  97 
of  astragalus,  treatment,  101 
of  atlas,  treatment,  24 
of  carpus,  65 
of  clavicle,  31-36 
total,  33 

upward  at  acromial  end,  treatment,  35 
of  coccyx,  28 
of  cuneiform  bones,  102 
of  elbow,  50 

anatomical  considerations  connected 
with  etiology  and  diagnosis,  50-52 
both  bones  backward,  etiology,  path- 
ology, and  diagnostic  features, 
52-54 
prognosis,  54 

treatment  by  Cooper's  method,  55 
treatment  by  Roser's  method,  55 
classification  and  frequency,  52 
divergent,  56 
forward,  57 
inward,  56 
lateral,  55 

of  the  radius  alone,  58-61 
of  the  radius  backward,  61 
of  the  radius  downward,  62 
of  the  radius  outward,  62 
of  the  ulna  alone,  58 
old  unreduced,  62 

operative    treatment    of    old    unre- 
duced cases,  63 
operation    de\nsed     by    Murphy,    of 
Chicago,  to  secure  mobility,  63 
of  fibula,  upper  end  of  the,  88 
of  fingers,  67-71 

treatment,  69 
of  foot,  94 

backward,  95,  96 
forward,  95 

inward     (pronations-luxation.    Wen- 
del),  96 
lateral,  96 
not  associated  with  Pott's  fracture 

(luxatio  pedis),  95 
subastragaloid,  98 
treatment,  97 
upward,  97 
of  hip,  71-85 

actual  and  relative  frequency,  71 
backward,  76-82 

diagnostic  features,  76,  77 
reduction  by  AUis'  method,  79 
reduction  by  Bigelow's  method, 


992 


INDEX. 


Dislocations  of  hip  backward,  reduction   by 
Stimson's  method,  79 
treatment,  77 
classifications  of,  75 
compound,  75 
forvsard,  80 

analysis  of  the  pathological  con- 
ditions resulting,  80,  81 
other    than    thyroid,     Kocher's 

method  of  treatment,  83 
(thyroid),    treatment    by    Bige- 
low's  method,  82 
leverage  and  longitudinal  thrust  as 
the    mechanical    agencies   causing 
them,  72,  73 
old  unreduced,  83-85 

Hoefflinger's  report  on  the  treat- 
ment of  such  by  operative  re- 
duction (arthrotomy),  84 
manipulative    reduction    in    the 

treatment  of,  84 
open  operative  treatment  of,  84 
rent  in  the  capsule,  72 
resulting  injuries  to  neighboring  struc- 
tures, 74 
of  humerus,  36 

anatomical  and  etiological  considera- 
tions bearing  upon  this  subject,  36 
backward,  47 

classification  (Stimson),  39 
forward,  causes  of  difficulty  in  reduc- 
tion, 42 
compUcations,  46 
methods  of  reduction,  as  classi- 
fied, 42 
reduction  by  lateral  traction,  43 
by  leverage   with   traction, 

44 
by  rotation, '45 
by  simple  Ufting  of  the  head 
of    the    bone    upon    the 
glenoid  cavity,  43 
by  traction  in  three  direc- 
tions, 45 
by  vertical  traction,  44 
symptoms  and  diagnosis,  39-41 
treatment,  41 
old  unreduced,  47,  48 
pathology,  38 

subcoracoid,  marked  features  of,  42 
with  fracture  of  greater  tuber- 
osity, 46 
subglenoid,  Dugas'  sign,  41 
subtricipital  (Farabeuf),  39 
treated  by  lateral  traction  by  pulleys,45 
unreduced,  as  an  indication  for  re- 
section, 395 
upward,  39 
of  individual  joints,  18 


Dislocations  of  knee  joint,  85 

treatment,  87 
of  lower  jaw,  29-31 

treatment,  31 
,  of  medio-tarsal  joint  (Chopart's),  99 
of  metacarpal  bones,  67 
of  metatarsus  and  toes,  103 
of  occipito-atlantal  and  atlanto-axial  ar- 
ticulations, etiological  factors  and  symp- 
tomatology, 20-23 
of  occiput,  treatment,  24 
of  patella,  91-94 

habitual,  93 

lateral,  91,  92 

reduction  of,  92 

rotary,  92 
of  pelvis,  27 

of  radio-ulnar  joint,  distal,  64 
of  radius  alone  at  the  elbow,  treatment,  60 
of  ribs,  28 
of  scaphoid,  67 
of  scaphoid  (navicular),  102 
of  semilunar  bone,  66 
of  semilunai-  cartilages,  89 

treatment,  90 
of  shoulder  joint,  associated  with  fracture, 
operative  treatment  of,  401 

compUcated  with  injuries   of  blood- 
vessels, 48 

habitual,  49,  50 

recurrent,   as  an  indication  for  ex- 
cision, 396 
of  sterno-clavicular  joint,  anatomical  con- 
siderations, 31,  32 

both,  32 

treatment,  33,  34 
of  subastragaloid,  treatment,  99 
of  tarsal  bones,  individual,  100 
of  tarsus,  classification  of,  94 
of  thumb,  68-71 
of  tibia  backward,  86 

classification,  85 

forward,  85 

lateral  and  partially  lateral,  86 
of  vertebrae,  18 

by  abduction,  20 

of  fourth,  fifth,  and  sixth,  23 

treatment,  24 
of  vertebra},  cervical,  Kocher's  method  of 

treatment,  25 
of  vertebra;,  dorsal  and  lumbar,  26,  27 

symptoms,  20 

unilateral  or  bilateral  (double),  19 
of  wrist,  64,  65 

compound,  65 
old,  5 

old  unreduced,  as  indications  for  excision 
of  the  elbow  joint,  von  Eiselberg's  op- 
eration, 410 
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Dislocations,  pathological,  6 
causes  of,  6 
pathology  of,  13,  14 
prognosis  in,  16 

niles  governing  the  nomenclature  of,  6 
simple  or  compUcated,  4 
spontaneous,  5 
subcutaneous  or  simple,  and  compound  or 

infected,  4 
symptomatology  of,  15 
traumatic,  etiology  of,  9 

lever  action  and  thrust  in  the  causa- 
tion of,  9,  10 
treatment  of,  general  considerations  on,  17 
Disturbances  involving  the  functions  of  the 
alimentary  canal  after  operation  and  their 
treatment,  151,  153 
DoelUnger's  statistical  report  on  treatment  of 

cases  of  old  subcoracoid  dislocation,  48 
Drainage  by  rubber  tissue  and  tubes  and  by 
glass  tubes,  540 
materials,  their  preparation,  medication, 
and  mode  of  employment,  139,  142 
Dressings,  surgical,  537 

and  their  use  at  operations,  142 
Dupuytren's  method  of  restoring  the  ate,  697 
operation  for  repair  of  septum,  703 

for  shoulder-joint  amputation,  307 
Duval's  supramalleolar  amputation  of  the  leg, 

335,  336 
Dyspnoea,  the  requirements  of  anaesthetics  in, 

222 
Dystrophy,  muscular,  diagnosed  from  infantile 
paralysis,  826 

Ears,  absence  or  defect  of  lobixle,  721 

acquired  deformities  of  external,  720 

adherent  lobule,  721 

artificial,  728 

Cheyne  and  Burghard's  plastic  operation 
on,  722 

cicatricial  contraction  of  external,  722 

congenital  anomalies  of  external,  718 

defect  in  upper  part  of,  722 

Gersuny's  operation  on  external,  724 

malformations  of,  725,  727 

outstanding,  721,  722 

normal,  717,  718 

Parkhill's  plastic  operation  on,  722 

plastic  surgery  of,  717 

prominent,  723,  725 

shape  of,  725,  727 
Eckstein's  method  of  prosthesis,  625 
Ectropion,  668 

Bonnet's  operation,  668 

Dieffenbach's  operation,  669,  670 

Guerin's  operation,  668 

Jaeger  and  Richet's  operation,  669 

Jones'  (Wharton)  operation,  668 
VOL.  IV.— 63 


Ectropion,  Richet's  operation,  669,  670 
Szymanowski's  operation,  670 
von  Graefe's  operation,  670 
Elbow  joint,  amputation  by  anterior  elliptical 
flap,  296 
by  large  anterior  flap,  296 
by  large  external  flap,  297 
by  posterior  elUptical  flap,  297 
four  methods  of,  and  their  utihty,  293, 

294 
hnes  of  incision  formerly  proposed  by 

Brasdor,  297 
surgical  anatomy,  294,  295 
congenital  dislocation  of,  741 
dislocations  of,  50 
elhptical  disarticulation  of,  271 
erasion  of,  with  report  of  an  operation,  417, 

418 
excision  of,  407-417 
infantile  paralysis  of,  818 
Empyema,  pleurisy,  abscess  of  lung,  etc.,  the 

indications  for  anaesthetics  in,  223 
Environment     as     furnishing     contra-indica- 

tions  to  operating,  108 
Epiphyseal  injury  of  the  elbow  joint  as  indica- 
tion for  excision,  411 
Epiphyseal  irritation  for  infantile  paralysis,  845 
Erasion  of  elbow  joint,  417,  418 

of  knee  joint,  description  and  advantages 

of  the  operation,  453,  454 
term  defined,  368 
Eschricht  and  Berg's  theory  of  origin  of  talipes, 

898 
Esmarch's  amputation  at  hip  joint,  358 
bandage,  appUcation  of,  597 
rubber  bandage  and  elastic  tourniquet  to 
prevent    hemorrhage,    advantages   and 
disadvantages,  266 
Estlander's  operation  for  restoration  of  lower 

Up,  663 
Ether,  administration  of,  by  open  method,  186 
by  semi-open  method,  details  of  the 
procedure,  187-191 
methods  of  administering,  for  anesthesia, 

186 
properties  and  effects  of  inhalation,  184 
per  rectum,  preparations  for  administer- 
ing, 173 
Ether  pneumonia,  its  prophylaxis  and  treat- 
ment, 229,  230 
Etherization,  accidents,  treatment  by  artificial 
respiration,  196 
by  close  method,  advantages  and  disad- 
vantages, 193 
emergencies  and  accidents  during,  general 

principles  of  treatment,  195 
rectal,  193-195 
Ethyl  chloride  as  an  anassthetic,  its  properties, 
203,  204 
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Ethyl  chloride   as  an  anaesthetic,  its  safety, 
when   inhaled,    compared    with    other 
anaesthetics,  204 
signs  of  an  overdose,  206 
signs  of  complete  anaesthesia  from  it,  205 
spray  as  a  local  anaesthetic,  232 
uses  and  the  method  of  inhalation,  204 
Ethyl  chloride-ether  sequence  for  anaesthesia, 

210 
Eucain  B  as  a  local  anaesthetic,  233 
Excisions  and  resections,  history  of,  367 
argument  favoring  performance,  368 
complete  and  partial,  objects  of,  respec- 
tively, 372 
defined,  368,  371 
instruments  required  in,  369-371 
nature  and  purposes  of,  368 
of  ankle  joint,  a  form  of  plaster-of-Paris 
bandage  for  immobilization,  and  its 
advantages,  458-460 
Kocher's  operation,  462 
method  by  two  lateral  incisions,  458 
modifications  of  the  operation  by  two 

lateral  incisions,  460 
objections  to  and  indications  for  the 

operation,  457 
operation  by  anterior  transverse  in- 
cision, in  cases  of  tuberculosis,  461, 
462 
operation,  as  divided  into  two  classes, 

457 
results,  462 
of  astragalus,  464 
of  bones  and  joints,  367 
of  clavicle,  401 
of  coccyx,  435 
of  elbow  joint,  407-417 

amount  of  bone  to  be  removed  in  the 

operation,  413 
anatomical  considerations,  411 
dressing  and  aftei-treatment,  413,  414 
employment  of  two  lateral  incisions, 

415 
indications  for,  407 
operation,  with  Langenbeck's  poste- 
rior longitudinal  incision,  412 
resulting  in  a  loose  joint,  treatment, 

417 
results  in  cases  of  ankylosis  and  un- 
reduced backward  dislocation,  416 
secondary  operations  in  tuberculous 

cases,  416 
statistics  of  results  in  cases  of  tuber- 
culosis, 416 
of  fibula,  457 
of  hip,  426-434 

anatomical  considerations,  428 
for  tuberculosis,   "good  result"  de- 
fined, 428 


Excisions  and  resections  of  hip,  general  con- 
siderations, 426-428 
indications    for,    as    summarized    by 

Jacobson,  428 
question  of  the  site  of  bone  section, 
431 
of  innominate  bone,  434 
of  knee  joint,  435-453 

anatomical  factors  bearing  upon  the 

operation,  439-441 
causes  of  failure  enumerated,  453 
dressing  of  wound  and  immobiliza- 
tion by  plaster-of-Paris  splint,  446, 
447 
general  remarks  upon,  452 
indications  for,  435 
non-subperiosteal  operation,  442-447 
splint  as  a  method  of  holding  the 
sawed  surfaces  of  bone  in  accurate 
apposition,  453 
subperiosteal,       Langenbeck's      and 

Ollier's  operations,  447,  448 
treatment  of  fungous  granulations  in 

the  joint,  447 
tuberculosis  as  an  indication  for,  435- 

438 
use  of  the  von  Mosetig-Moorhof  meth- 
od of  plugging  bone  cavities,  as  in- 
fluencing the  site  of  the  saw  line, 
445 
without    opening   the   joint,    as    de- 
scribed by  Flint  and  Walkowitch, 
448-452 
without    opening   the   joint,    advan- 
tages of  the  operation,  452 
of  lower  jaw,  385-390 

anatomical  considerations,  386 
of  metatarso-phalangeal  joint  of  the  great 

toe,  466,  467 
of  OS  calcis,  465 
of  radius,  418 

of  scapula,  total  or  partial,  403 
of  shoulder  joint,  392 

dressing  and  after-treatment,  399 
importance  of  the  site  and  extent  of 

bone  section,  398 
indications  for  the  operation,  395, 396 
operation,  397-401 
operation  by  anterior  incision,  397- 

400 
requirements  of  the  operation,  392- 
394 
of  sternum,  405 
of  superior  maxilla,  378,  389 

after-treatment  and  results,  382 
choice  of  anaesthetic,  379 
indications  for  the  operation,  378 
methods  of  controlling  hemorrhage, 
378 
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Hbccisions  and  resections  of  superior  maxilla, 
operation,  379-382 
partial,  383 
subperiosteal,  383 
of  temporo-maxillary  articulation,  391 
of  tibia  for  giant-celled  sarcoma,  456 
operation  and  after-treatment,  456 
osteomyelitis  as  furnishing  the  con- 
ditions calling  for  this  operation, 
455 
of  wrist,  419-^26 

anatomical  considerations,  420 
immediate  treatment  of  the  wound, 

and  the  after-treatment,  425 
indications  for,  419 
Lister's  operation,  424 
Ollier's  operation  in  two  stages,  423, 

424 
.operation,  with  Kocher's  dorso-ulnar 

incision,  420-^22 
operation,  with  Langenbeck's  dorso- 
radial  incision,  422,  423 
partial,  defined,  368,  372 
process  of  repair  after,  369 
special,  378 

the  operation,  371,  372 
Exploratorj'   puncture;  aspiration;     hypoder- 
mic injection,  600-603 
Extremities,  plastic  surgery  of,  627 
EyeUds,  plastic  surgery  of,  667 
blepharoplasty,  672 
ectropion,  668 

Fabrizi's  operation  for  rhinoplasty,  688 
Face,  plastic  surgery  of  the,  637 
Faecal  impaction,  post-operative,  166 
Farabeuf's  method  of  amputating  through  the 
surgical  neck  of  the  humerus,  300 
modification  of  Garden's  operation,  346 
subastragaloid  disarticulation,  329 
Fear  of  death  as  a  contra-indication  to  operat- 
ing, 119 
Femoral  artery,  hgation  of  conunon,  at  base 
of  Scarpa's  triangle,  517 
of  superficial,  at  apex  of  Scarpa's  tri- 
angle, 517 
in  Hunter's  canal,  518 
surgical  anatomy  and  relations  of,  516 
Femoral     thrombo-phlebitis,     post-operative, 

160,  161 
Femur,  depression  of  neck  of  (and  see  Coxa 
vara),  848 
diastasis  of,  853 

treatment  of,  855 
diastasis  of  distal  end  of.  88.  94 
elevation  of  neck  of  (and  see  Coxa  valga), 

857 
fracture  of  neck  of,  853 
Ferguson's  method  of  treatmg  saddle  nose,  707 


Fibula,  diastases  of  distal  end  of,  94 
dislocations  of  upper  end  of,  88 
Fingers  and  thumb,  amputation  of,  details  of 
surgical  anatomy,  279,  280 
dislocations  of,  67 
methods   of   using   local   anaesthesia   and 

ner\'e  blocking,  247 
webbed,  634 
P'inney's  method  of  rhinoplasty,  691 
Finney-Pancoast  trunk  for  operations,  145 
Flat-foot  (and  see  Weak  foot),  872 
Flint,  Carleton  P.,  excision  of  the  knee  with- 
out opening  the  joint,  448 
Fool,  amputation  of,  by  Pirogoff's  method,  332 
contracted,  891 

symptoms,  892 
treatment,  892 
disabiUties  of,  872 
dislocations  of,  94 
distortions  of,  896 
hollow,  891 

symptoms,  892 
treatment,  892 
infantile  paralysis  of,  815 
osteoplastic  resection  of,  by  Wladiniiroff- 

Mikulicz'  method.  334 
partial  amputations  of,  317 
sprain  of,  chronic,  880 
twisting,  for  flat-foot,  885 
weak  (and  see  Weak  foot),  872 
Forbes'    operation    of   disarticulating   at   the 

scapho-cuneiform  joint,  326 
Forearm,  amputation  of,  by  circular  method, 
290,  291 
by  equal  antero-posterior  flaps,  292 
by  modified  circular  method,  291 

advantages,  293 
methods   and   instruments   required, 

290 
partial  amputation  according  to  the 
double-flap  method,  293 
surgical  anatomy,  289 
Fowler,  Russell  S.,  on  minor  surgery j  537 
Fracture-dislocation,  use  of  the  term  in  cases 
of  injury  of  dorsal  and  lumbar  vertebrae,  26 
Fracture  of  surgical  neck  of  humerus  with  con- 
comitant dislocation,  46 
French  method  of  blepharoplasty.  674 

of  plastic  operations,  613, 614, 674, 684 
of  rhinoplasty,  684 
Fricke's  operation  (-blepharoplasty),  672 
Fritz's  method  of  restoring  the  aUe,  697 

Gauje  tie-down,  961,  962 

Garland,  F.  E.,  on  anaesthetics  and  the  produc- 
tion of  general  anaesthesia,  169 

Gastro-intestinal  apparatus,  its  bearing  on  the 
question  of  operation,  117 

Gauze  as  a  dressing,  537 
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Genito-urinary  apparatus,  indications  it  may 
furnish  against  operations  or  anaesthesia, 
117-119 
system,  use  of  local  anaesthesia  in  opera- 
tions in  this  field,  249 
(Jenu  recurvatum,  congenital,  765 

in  infantile  paralysis,  832 
Genu  valgum  (and  see  Knock-knee),  863 
Genu  varum  (and  see  Bow-leg),  860 
Gersuny's  method  of  prosthesis,  625 

operation  for  restoring  the  cheek,  640 
on  external  ear,  724 
Gluteal  artery,  ligation  of,  512 
Goitre,  details  for  operation  under  local  anaes- 
thesia, 244 
Goldthwait's  operation  for  dislocation  of  the 

pate"  a,  766 
Great  toe  joint,  painful,  896 
Green-silk  and  rubber-tissue  protective  as   a 

dressing,  438 
Greene's  thermo-ether  inhaler  and  the  mode  of 
using  it,  186,  187 
as  used  for  rectal  etherization,  details 
of  administration,  194 
Gritti's   transcondyloid    amputation    tlirough 

the  knee  joint,  346 
Guerin's  operation  for  ectropion,  668 
Gunshot  injuries  of  the  shoulder  joint  as  indi- 
cations for  excision,  395 
wounds  and  injuries  as  indications  for  ex- 
cision of  the  knee,  439 
Gunther's  modification  of  Pirogoff's  amputa- 
tion, 334 
Gussenbauer's    operation    for    restoring    the 

cheek,  642 
Guthrie's  amputation  at  hip  joint  by  antero- 
posterior flaps,   cut  from  without  in- 
ward, 359 
oval-flap  method  of  amputating  through 
surgical  neck  of  the  humerus,  300 
Guyon's  supramalleolar  amputation,  271,  335 

Habit  torticollis,  806 

Habits  and  temperament  as  influencing  the 

prognosis  of  operations,  130 
Haematemesis,  post-operative,  its  questionable 

etiology,  its  treatment,  153,  154 
Haemostasia,    methods    adapted    to    diff"erent 

needs  in  operation,  149 
Hahn's  operation  for  restoring  the  cheek,  646 
Hallux  rigidus,  896 

treatment,  896 
Hallux  valgus,  894 

etiology,  894 

operative  treatment,  895 

symptoms,  895 

treatment,  895 
Hallux  varus,  892 
Hammer-toe,  893 


Hammer-toe,  treatment,  893 
Hancock's  operation,  334 
Hand,  amputation  of,  at  the  wrist,  286 
plastic  surgery  of  the,  630 

restoring  a  lost  thumb,  633 
webbed  fingers,  634 
Hardie's  operation  for  rhinoplasty,  690 
Harlan's  method  of  blepharoplasty,  675 
Hasner's  operation  (blepharoplasty),  673,  676 
Head  and  neck,  action  of  muscles  on,  788 
Head,  local  anaesthetization  of,  241-243 
Head  supports,  for  Pott's  disease,  972 
Heart,  affections  of,  contra-indicating  general 
anaesthesia  and  certain  operations,   115, 
116 
complications,  post-operative,  160 
disease,  choice  of  anaesthetics  as  indicated 
in,  223 
Heel,  pain  in,  890 
Helferich's  method  of  rhinoplasty,  685 

operation  for  saddle  nose,  712 
Helmet,  plaster,  retention  dressing  for  torti- 
collis, 778 
Hemorrhage,  as  influencing  the  choice  of  an- 
aesthetics, 224 
secondary,  167 
Hepatic  toxaemia,  162 
Hernia  bandage,  579 

operations,   methods  of  employing  local 
anaesthetic  measures  in,  253,  256 
Heurtaux's  operation  for  restoration  of  lower 

lip,  655 
Hewitt's  nitrous  oxide  and  oxygen  apparatus, 

183 
Hey's  modification  of  Lisfranc's  operation,  323 

operation  (amputation  of  leg),  339 
Hip  joint,  amputation  by  Guthrie's  method  of 
antero-posterior  flaps,  cut  from  without 
inward,  359 
arthrodesis  at,   for  paralytic  deformities 

of  the  lower  extremities,  869 
congenital  dislocation  of,  746 
after-treatment,  761 
anterior  reposition,  762 
coxa  vara  with,  751 
etiology,  749 
frequency,  748 
historical,  748 
pathological  anatomy,  750 
pathology,  749 
symptomatology,  755 
treatment  of,  756 

bloodless  method,  759 
employment  of  apparatus,  763 
Hoffas  method,  758 
Lorenz's  method,  757,  761 
disarticulation  at,  350-360 
disease,  diagnosed  from  Pott's  disease,  956 
dislocations  of,  71-85 
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Hip- joint,  Esmarch's  amputation  at,  358 
excision  of,  426-434 

the  operation,  429 
infantile  paralysis  of,  817 
Jordan's  (Fumeaux)  amputation,  357 
Hoffa's  classification  of  congenital  deformities, 
733 
method  of  treating  congenital  dislocation 
of  the  hip,  758 
Hollow  foot,  891 

Horsley's  antiseptic  wax  as  a  haemostatic,  273 
Humerus,  congenital  dislocation  of,  738 

dislocations  of,  36 
Hyperemesis,  post-operative,  153 
Hypodermic  injection,  instruments  and  meth- 
ods, 602 
Hypodermoclysis,  609 

Ileus,  obturation,  156 
strangulation,  155 
Index  finger,  amputation  of,  284 
Indian  method  of  blepharoplasty,  672 

of  plastic  operations,  613, 614, 672, 680 
of  rhinoplasty,  680 
Infantile  paralysis  (and  see  Paralysis,  infan- 
tile), 807 
old  or  neglected,  as  an  indication  for 
excision  of  the  knee,  439 
Infectious    diseases    furnishing    contra-indica- 

tions  to  operating,  124 
Infiltration  anaesthesia,  according  to  the  meth- 
ods of  Matas  and  Braun,  236 
as  practised  by  Schleich,  236 
Infusion,  intravenous,  of  a  saline  or  an  adrena- 
lin solution,  606 
Injection,  hypodermic,  602 
Injury,  old,  with  ankylosis  of  the  elbow  joint, 
as  indication  for  excision,  Aalue  of  ar- 
throplasty, 409 
recent,  as  indication  for  excision  of  the 
elbow  joint,  408 
Innominate  artery,  ligature  of,  "surgical  anat- 
omy, 476-481 
Instruments  and  suture  material,  their  steril- 
ization and  preparation  for  use,   136- 
138 
used  in  excision  and  resection,  369,  370 
Intestinal  obstruction,  or  ileus,  post-operative, 
differential  diagnosis  and  treatment,  155, 156 
Intestines,  adynamic  paralysis  of,  post-opera- 
tive, 152,  155 
Iodoform  poisoning,  post -operative,  165 
Israel's  method  of  rhinoplasty,  689 

operation  for  restoring  the  cheek,  644 
for  saddle  nose,  708,  713 
Italian  method  of  blepharoplasty,  678 

of  plastic  operations,  613, 618, 678, 685 
of  restoring  lower  part  of  nose,  701 
of  rhinoplasty,  685 


Jaeger  and  Richet's  operation  for  ectropion, 
669 

Jaesche's  method  in  plastic  surgery,  616 

operation  tor  restoration  of  lower  lip,  654 

Jarvis'  adjuster  for  the  reduction  of  disloca- 
tions of  the  humerus,  45 

Jaw,  lower,  dislocation  of,  29 

Johnston,  George  Ben,  on  the  preparation  for 
an  operation,  the  operation  itself,  and  tlie 
care  of  the  patient  during  and  immediately 
after  the  operation,  126 

Jones'  (Wharton)  operation  for  ectropion,  668 

Jordan's  (Fumeaux)  amputation  at  the  hip 
joint,  357 

Joseph's  operation  for  elongated  nose,  716 

Judson's  apparatus  for  deformities  of  foot,  902 
brace  for  talipes  calcaneus,  920 
modification  of  Taylor's  club-foot  brace, 
910 

Jury  mast  for  Pott's  disease,  972 

Keegan's  method  of  rhinoplasty,  685 

Keen's  operation  for  torticollis,  802 

Keyes,  John  M.,  on  ligature  of  arteries  and 

veins  in  their  continuity,  468 
Kirmisson's  theory  of  congenital  defects,  734 

of  congenital  dislocation,  734 
Kit  for  operations,  portable,  147 
Knapp's  operation  (blepharoplasty),  677 
Knee  joint,  amputation  at,  surgical  anatomy, 
343 
disarticidation  at,  by  lateral  flaps  (Stephen 

Smith),  344 
dislocations  of,  85 
excision  of,  435-453 
Gritti's        transcondyloid        amputation 

througli,  346 
infantile  paralysis  of,  816 
internal  derangement  of,  89,  90 
method  of  using  local  anaesthesia  in  ex- 
ploration of,  249 
Stokes'      supra-condyloid        amputation 
through,  347 
Knight's  bow-leg  brace,  861 
Knock-knee  (and  see  Genu  valgum),  863 
etiologj',  864 

in  infantile  paralysis,  817,  824 
operative  treatment,  865 
osteoclasis  for,  866 
symptoms,  864 

Thomas'  brace  for,  864,  865,  866 
treatment,  864 
Knots  used  in  the  ligature  of  arteries,  473 
Kocher's  method  of  reducing  foniv'ard  disloca- 
tions of  the  humerus,  45 
of   treatment    of    forward    (thyroid) 
dislocations  of  the  hip,  82 
operation  for  excision  of  the  shoulder  joint 
by  posterior  incision,  400 
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Kocher's  operation  for  torticollis,  800,  803 

views  on  vascular  pressure  in  relation  to 
thyroidectomy,  116 
Koenig's  method  of  rhinoplasty,  684,  692 
Kraske's  operation  for  restoring  the  cheek,  642 
Krohne's    regulating    chloroform    inhaler,    as 

modified  from  Junker's,  199,  201 
Kuester's  method  of  rhinoplasty,  689 
Kussmaul's  air  hunger,  162 
Kyphosis  (and  see  Pott's  disease),  927 

Labat's  method  of  rhinoplasty,  681,  683 

operation  for  repair  of  septum,  705 
Landolt's  operation  (blepharoplasty),  674 
Landreau's  method  of  rhinoplasty,  681 
Langenbeck's  method  of  restoring  alse,  694 
of  rhinoplasty,  683 
operation  for  restoration  of  lower  lip,  658, 
663 
for  saddle  nose,  714 
Lange's   method    of   tendon    transplantation, 

836,  841 
Larger's  operation  for  restoration  of  lower  lip, 

662 
Larrey's  operation  for  shoulder-joint  amputa- 
tion, 306,  307 
Larynx  as  a  field  for  local  anaesthesia,  244 
Le  Dentu's  operation  for  habitual  dislocation 

of  the  patella,  93 
Leeches,  employment  of,  605 
Lee's  amputation  of  the  leg  by  a  large  poste- 
rior flap,  341 
Le  Fort's  modification  of  PirogofT's  amputa- 
tion, 333 
Leg,  amputation  of,  in  lower  third,  334 

in  middle  third,  by  long  external  flap, 

341 
in   middle  third  by  a  large  antero- 
posterior flap  (Hey's  operation),  339 
in  upper  third  by  a  large  external  flap, 
342 
anterior  curvature  of,  867 
infantile  paralysis  of,  815  ^ 

Lermoyez's  method  of  prosthesis,  625 
Letenneur's  operation  in  plastic  surgery,  616 
Lexer's  operation  for  repair  of  septum  of  nose. 

704 
"Ligamenta  brevia"  and  "ligamenta  longa" 

described,  280 
Ligature  of  arteries  and  veins  in  their  conti- 
nuity, 468 
of  arteries,  complications  and  causes  of 
death  after,  474 
en  masse,  or  intermediate  ligation.  528 
general   considerations,    instruments, 

required,  469 
general  indications  for,  469 
in  general,  468 
of  individual  arteries,  476 


Ligature  of  arteries,  passing  and  tying  the  Ug- 
ature,  472 
steps  of  the  operation,  470-474 
of  abdominal  aorta,  505-507 
of  anterior  tibial  artery  in  upper,  middle, 
and  lower  thirds,  521,  522 
relations  and  linear  guide,  521 
of  axillary  artery,  first  and  second  por- 
tions, operations,  498,  499 
surgical  anatomy,  498 
third  portion,  operation,  499,  500 
of  brachial  artery,  500,  501 

ligation  at  the  elbow,  general   con- 
siderations, 501 
of  common  carotid  artery,  481 

above  the  omohyoid  muscle,  483,  484 
below  the  omohyoid  muscle,  483 
both,  simultaneous,  481 
general  considerations,  484 
temporary,  482 
of  common  iUac  arteries,  operations  and 
general  considerations,  508 
surgical  anatomy  and    linear  guide, 
507,  508 
of  deep  epigastric  artery,  515 
of  dorsahs  pedis  artery,  522,  523 
of  external  carotid  artery,  general  consid- 
erations, 487 
below  the  digastric  muscle,  485 
above  the  digastric  muscle,  486 
surgical  anatomy,  485    . 
of  external  iliac  artery,  512-515 
retroperitoneal  method,  513 
transperitoneal  method,  514 
of  external  plantar  artery,  526 
of  facial  artery,  488 
of  femoral  artery,  515-519 
of  gluteal  artery,  512 
of  inferior  thyroid  artery,  496 
of  innominate  artery,  B.  Farquhar  Cur- 
tis' modification  of   Milton's  oper- 
ation, 478,  479 
by  oblique  incision,  480 
by  spHtting  the  manubrium  sterni,  480 
E.  S.  Cooper's  method  of  exposing  the 

artery,  479 
general  considerations,  481 
operation  by  Bardenheuer's  method, 

477 
operations,  Mott's  method,  477 
of  intercostal  arteries,  504-505 
of  internal  carotid  artery,  492 
of  internal  iliac  artery,  508 
of  internal  mammary  artery,  general  con- 
siderations, 498 
surgical  anatomy,  operation,  497 
of  internal  maxillary  artery,  489 
of  internal  plantar  artery,  527 
of  internal  pudic  artery,  511,  512 
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L^ture  of  lingual  artery,  487,  488 

of  middle  meningeal  artery,  general  con- 
siderations, 492 
of  middle  meningeal  branch  of  the  inter- 
nal maxillary  artery,  489-492 
Kocher's  operation,  491 
of  obturator  artery,  509,  510 
of  occipital  artery,  489 
of  peroneal  artery,  525,  526 
of  plantar  arch.  527 
of  popUteal  artery,  520,  521 
of  posterior  tibial  artery,  524,  525 

behind  the  inner  malleolus,  525 
of  profunda  artery,  519 
of  radial  artery,  502-504 
Unear  guides,  502 

operations  as  called  for  in  its  differ- 
ent portions,  502 
of  sciatic  artery,  510 

of  subcla\aan  artery,  general  considera- 
tions, 495 
operations  as  performed  on  its  differ- 
ent portions,  493,  494 
surgical  anatomy  and  guides,  493 
of  superficial  palmar  arch,  504 
of  superior  thyroid  artery,  489 
of  temporal  artery,  489 
of  transversalis  colli  and  the  suprascapu- 
lar branches  of  the  thyroid  axis  and  the 
subclavian  artery,  497 
of  ulnar  artery,  504 

of  vertebral  artery,  operations,  Chassai- 
gnac's,  Kocher's  and  Fray's,  Hel- 
ferich's,  495,  496 
surgical  anatomy  and  guides,  495 
Ligature  of  veins  in  their  continuity,  528 
of  axillary  vein,  532 
of  brachial  vein,  533 
of  external  jugular  vein,  530 
of  femoral  vein   (below  Poupart's    liga- 
ment), 533 
of  indi^^dual  veins,  529-535 
of  inferior  vena  cava,  533 
of  innominate  vein,  reports  of  cases  and 

Kocher's  \'iews,  530,  531 
of  internal  jugular  vein,  529 

in  otitic  pyaemia,  objections  ui^ed  by 
Jones,  530 
of   internal    saphenous    vein,  Trendelen- 
burg's operation,  534 
of  subclavian  vein,  citation  of  cases,  531 ,532 
of  superior  vena  cava,  533 
Limbs,  artificial,  general  considerations.  364- 

366 
Lingual  artery,  ligature  of,  487 
Linhart's  method  of  rhinoplasty,  683 
Lip,  eversion  of  red  border,  correction  of,  667 
Lip,  lower,  plastic  surgery  of  the,  652 
Bei^s  operation,  659 


Lip,  lower,  plastic  surgery  of,  Blasius'   oper- 
ation, 658 
Buchanan's  operation,  657 
Chopart's  operation,  660 
Dieffenbach's  operation,  654 
Estlander's  operation,  663 
Heurtaux's  operation,  655 
Jaesche's  operation,  654 
Langenbeck's  operations,  658,  663 
larger 's  operation,  662 
Malgaigne's  operation,  656 
Mauclaire's  operation,  664 
Post's  (Alfred  C.)  operation,  664 
SandeUn's  operation,  660 
Serre's  operation,  654 
Syme's  operation,  657 
Trelat's  operation,  658 
von  Bruns'  operation,  662 
Watts'  operation,  664 
Lip,  upper,  plastic  surgery  of  the,  648 

Buck's  (Gurdon)  operation,  651 
Sedillot's  operation,  650 
Senn's  operation,  651 
Lisfranc's  Ugament,  321 

method  of  rhinoplasty,  681,  683 
of)eration,  instruments  required  and  the 
procedure,  321-323 
sm-gical  anatomy,  320 
the  coup  de  maitre,  321,  323 
Lister's  method   of    preventing    hemorrhage, 
267 
modification  of  Garden's  operation,  346 
Liston's  operation  for  excision  of  the  elbow 

joint,  414 
Lorenz's  gypsbette,  for  Pott's  disease,  964 
method  of  reducing  tahpes,  906 
method  of  treating  congenital  dislocation 
of  the  hip,  757-761 
Loi^ette  nose,  706 

Lower  extremity,  applicability  of  local  anaes- 
thesia to  different  portions  of,  247,  248 
deformities  and  disabilities  of,  848 
distortions  of  bones  of,  858 
etiology,  858 
origin  of  deformity,  860 
rhachitic,  859 
infantile  paralysis  of,  815 

paralytic  deformities  of,  867 
arthrodesis  of,  869 
correction  of,  869 
tendon  transplantation  in,  870 
Lower  jaw,  excision  of,  385-390 
Lower  lip,  plastic  surgery  of  the  (and  see  Lip, 

lower),  652 
Luxatio  obturatoria,  80 

Luxation  and  subluxation,  the  distinction  be- 
tween, 3 
Luxations,  see  Dislocations 
Luxations,  traumatic,  in  general,  9 
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Madelung's  deformity  or  luxation,  742,  743 

Magnesium  sulphate  as  a  local  anaesthetic,  234 

Maisonneuve's  operation  for  absence  of  nose,  717 

Malarial  organisms,  their  presence  as  a  contra- 
indication to  operating,  124 

Malgaigne's  operation  for  restoration  of  lower 
Up,  656 

Mahgnant  disease,  recurring,  under  what  con- 
ditions a  contra-indication  to  operating,  125 

Martin's  india-rubber  bandage,  apphcation  of, 
599 

Masks  for  chloroform  inhalation,  Skinner's, 
Esmarch's,  Schimmelbusch's,  198-200 

Massachusetts  General  Hospital  ether  cone, 
188,  189 

Mauclaire's  operation  for  restoration  of  lower 
lip,  664 

Maxilla,  superior,  excision  of,  378-389 

McBumey's  hooks,  for  skin  grafting,  621 

Mediastinal  abscess,  treatment,  981 

Medico-legal  considerations  bearing  upon  the 
question  of  operation,  112 

Medio-tarsal  joint,  motion  at,  915 

Meloplasty  (and  see  Cheek,  plastic  surgery  of 
the),  638 

Mental  torticolhs,  806 

Metacarpal  bones,  amputation  through,  286 
dislocations  of,  67 

Metatarsal  arch,  depression  of,  886 
weakness  of,  866 

Metatarsalgia,  anterior,  886 

Metatarso-phalangeal  joint  of  great  toe,  disar- 
ticulation of,  by  Farabeuf's  niethod,  314 

Metatarsus,  dislocations  of,  103,  104 

Mikulicz  drain,  537 

operation  for  elongated  nose,  716 

for  saddle  nose,  711 
pad,  how  prepared,  139 

Minerva  jacket  for  Pott's  disease,  969 

Minor  surgery,  537 

Mitchell,  James  F.,  on  the  production  of  local 
anaesthesia  for  surgical  purposes,  231 

Mixtures  of  chloroform  and  ether  for  anaes- 
thesia, 202 

Monks'  operation  (blepharoplasty),  674 

Monod's  operation  for  restoring  the  cheek,  647 

"Moral  anaesthetist,"  his  functions,  238 

Morton's  demonstration  of  the  value  of  ether 
as  an  anaesthetic,  169 

Morton's  toe,  886 

symptoms,  887 
operative  treatment,  888 
treatment,  887 

Mothe's  method  of  reducing  forward  disloca- 
tions of  the  humerus  by  traction  vertically, 
44 

Mouth,  plastic  surgery  of  the,  665 
Serre's  operation,  667 
restoration  of  the,  666 


Multiple    neuritis,    diagnosed    from    infantile 

paralysis,  825 
Murphy,  of  Chicago,  operation  devised  by  him 

to  secure  mobility  after  old  dislocation  of 

elbow,  63 
Muscles  of  head  and  neck,  action  of,  788 

nerve  supply  of,  791 
Muscles,  spastic  contraction  of,  as  a  cause  of 

pathological  dislocation,  7 
Mutter's  method  of  restoring  the  alae,  697 

Napier's  bow-legs  brace,  861 
Neck,  as  a  field  for  the  use  of  local  anaesthesia, 
243 
plastic  surgery  of,  627 
triangles  of,  790 
Needles,  exploring,  601 
N^laton's  method  of  rhinoplasty,  684 
operation  for  webbed  fingers,  635 
N^laton's  (A.)  operation  for  restoration  of  alae, 

694 
N61aton's  (Ch.)  operation  for  repair  of  septum, 
705 
for  restoration  of  lower  part  of  nose,  702 
N^laton  and  Ombr^danne's  method  of  restor- 
ing the  alae,  698 
operation  for  saddle  nose,  709 
Nerve  blocking  as  a  mode  of  anaesthesia,  236 
Nerve  supply  of  face  and  scalp  from  the  cervi- 
cal plexus  and  trigeminal  nerve,  242 
Nerve  transplantation,  for  infantile  paralysis, 

845 
Nerve  trunks  of  the  upper  extremity,  points  of 

injection  for  local  anaesthesia,  245-247 
Nervous  system  as  furnishing  indications  for 

or  against  operating,  1 19 
Neumann   and   Szymanowski's   operation   for 

saddle  nose,  713 
Neurotic  spine  diagnosed  from  Pott's  disease, 

956 
Nicoladoni's    operation    for    replacing    a   lost 

thumb,  633 
Nitrous  oxide,  accidents  which  may  occur  from 

inhalation  of,  182 
Nitrous   oxide-ether-chloroform   sequence    for 

anaesthesia,  211 
Nitrous  oxide-ether  sequence,  its  features  and 

the  mode  of  administration,  209 
Nitrous   oxide,    its    physical    properties,    and 
physiological  effects  on  inhalation,  177-180 
Nitrous  oxide,  technique  of  its  administration 

by  Bennett's  inhaler,  181 
Nose,  absence  of,  717 

Maisonneuve's  operation  for,  717 
artificial,  717 
elongated,  716 

Joseph's  operation  for,  716 
Mikulicz's  operation  for,  716 
increased  size  of,  716 
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Nose,  lorgnette,  706 

loss  of,  679 

plastic  surgery  of    the   (and  see  Rhino- 
plasty), 679 

prosthesis,  717 

repair  of  lower  part  of  septum  of,  703 
Demon's  method,  704 
Diefifenbach's  method,  704 
Dupuytren's  operation,  703 
Labat's  operation,  705 
Lexer's  operation,  704 
N^laton's  (Ch.)  operation,  705 
Raoult's  operation,  704 
Sedillot's  method,  705 
Serre's  operation,  703 

replacement  of,  691 

restoration  of  alae  of,  693 
Bonnet's  operation,  696 
Bouisson's  method,  696 
DenonviUier's  operation,  694 
Diefifenbach's  method,  697 
Dupuytren's  method,  697 
Fritz's  method,  697 
Langenbeck's  method,  694 
Mutter's  method,  697 
Nelaton's  (A.)  operation,  694 
N^laton  and  Ombredanne's  method, 

698 
Sedillot's  method,  697 
Thompson's  method,  695 
Weber's  method,  697 

restoration  of  lower  part  of,  700 
Bayer's  operation,  702 
Italian  method,  701 
Nelaton's  (Ch.)  operation,  702 
Rouge's  method,  703 
Szymanowski's  method,  703 

saddle,  625,  706 

supports  for  new,  692 

Oakum  as  a  dressing,  537 
Obesity,  as  influencing  the  choice  of  anaesthet- 
ics, 224 
Obliquus  capitis  inferior  muscle,  anatomy  of,  788 

superior  muscle,  anatomy  of,  788 
Obstetrical  paralysis,  diagnosed  from  infantile 

paralysis,  824 
Obturator  artery,  ligation  of,  509,  510 
Occipital  support,  for  Pott's  disease,  973 
Occupation  torticoUis,  783 
Ocular  torticollis,  806 
CEdema  of    the  lungs,  acute,  post-operative, 

treatment  of,  160 
OUier's  bayonet-shaped  incision  for  excision  of 
the  elbow  joint,  415 
method  of  rhinoplasty,  692 
Ombredanne's  method  of  rhinoplasty,  684 
Operating  in  two  or  more  stages,  illustrations 
of  its  advantages,  111 


Operating-room,  its  requirements  and  prepara- 
tion, 143-147 

Operation  for  establishment  of  a  joint  anterior 
to  cicatricial  bands  fixing  the  lower  jaw,  390 

Operations,  contra-indications  to,  108-125 
details  of  local  preparation  of  patient  for, 
132 

Operations  for  diseased  lymph  nodes  in  the 
neck,  choice  of  anaesthetic  for,  219 

Orthopedic  surgery,  729 

Os  calcis,  excision  of,  465 

Osteo-arthritis  as  an  indication  for  excision,  438 

Osteoclasis  for  knock-knee,  866 

Osteomyelitis  diagnosed  from  Pott's  disease, 
956 

Osteotomy,  for  infantile  paralysis,  845 

Pain,  causes  of,  in  a  stump,  268 
Painful  great-toe  joint,  896 
Painter,  Charles  F.,  on  congenital  dislocations, 
731 

on  infantile  paralysis,  807 
Paracentesis  abdominis,  602 

pericardii,  601 

thoracis,  601 
Paraffin  bandages,  591 

in  plastic  operations,  625 
Paralysis,  cerebral,  and  its  deformities,  871 
Paralj'sis,  infantile,  807 

clinical  course,  810 

club-foot  in,  815 

differential  diagnosis,  821    . 

from  diphtheritic  paralysis,  824 

from  dystrophy,  826 

from  multiple  neuritis,  825 

from  obstetrical  paralysis,  824 

from  Pott's  paraplegia,  824 

from  pseudo-paralysis,  825 

from  rheumatism,  826 

from  spastic  infantile  paralysis,  823 

from  transverse  myelitis,  824 

etiology.  808 

introduction,  807 

knock-knee  in,  817 

mechanical  treatment,  829 

of  elbow,  818 

of  foot,  815 

of  hip  joint,  817 

of  knee  joint,  816 

of  leg,  815 

of  lower  extremity,  815 

of  shoulder,  818 

of  trunk,  817 

of  upper  extremity,  818 

of  wrist,  818 

operative  treatment,  834 
arthrodesis,  843 
epiphyseal  irritation,  845 
nerve  transplantation,  845 
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Paralysis,  operative  treatment,  osteotomy,  845 
tendon  transplantation,  836 
tenotomy,  834 
pathology,  818 
physical  examination,  820 
physical  therapeutics,  827 
electricity,  828 
hydrotherapy,  829 
hyperaemia,  828 
massage,  828 
prognosis,  846 
regions  affected,  815 

lower  extremity,  815 
trunk,  817 

upper  extremity,  818 
treatment,  826 

mechanical,  829 
operative,  834 
physical,  827 
Paralysis,  obstetrical,  of  shoulder,  738 
Paralysis,  teething,  807 

Paralytic  deformities  of  lower  extremities,  867 
Paralytic  torticollis,  804 

Paraplegia,  in  Pott's  disease,  treatment  of,  982 
Parkhill's  operation  on  external  ear,  722 
Parotitis,  acute,  post-operative,  166 
Patella,  congenital  dislocation  of,  765 

Goldthwait's  operation  for,  766 
treatment,  766 
dislocations  of,  91-94 
sUpping,  765,  766 
Pelvis,  dislocations  of,  27 
Perforation  of  intestine  in  typhoid  fever,  special 

indication  for  local  anaesthesia  in,  253 
Pericarditis,  the  anaesthetics  indicated  in,  224 
Pericardium,  puncture  of,  by  aid  of  local  anaes- 
thesia, 245 
Peritoneum,  operations  involving,  as  practised 

under  local  anaesthesia,  252 
Peritonitis  and  intestinal  obstruction,  precau- 
tions regarding  anaesthesia  in,  225 
Peritonitis,  post-operative,  its  treatment  sur- 
gically and  by  Fowler's  position,  156 
Peroneal  artery,  hgation  of,  525,  526 
Perrin,  Maurice,  subastragaloid  amputation  of, 

328 
Perthes,  report  of  operations  for  relief  of  habit- 
ual dislocation  of  the  shoulder,  50 
Pes  cavus,  in  infantile  paralysis,  816,  821,  822, 
832, 
reduction  of,  906 
Petit's   screw  tourniquet  to  prevent   hemor- 
rhage, 266 
Phalanges  of  the  fingers,  amputations  of,  281, 

285 
Phelps'  bed,  for  Pott's  disease,  964 

operation  for  talipes,  908 
Physiological  torticollis,  806 
Pigeon-toe,  892 


Pirogoff's  amputation  of  the  foot,  332 
Plaster,  adhesive,  as  a  dressing,  537 

varieties,   and   different  applications 
of,  591-594 
Plaster  corset,  for  Pott's  disease,  970 

helmet,  retention  dressing  for  torticollis, 

778 
Plaster-of-Paris  jacket  for  Pott's  disease,  964 
application  of,  by  suspension,  965 

in  hammock,  967 
Plastic  operations  (and  see  Plastic  surgery),  611 
flap  formation,  614 

Burow's  method,  615 

Croft's  method,  619 

Dieffenbach's  method,  615 

French  method,  613,  614,  674,  684 

Indian  method,  613,  614,  672,  680 

Italian  method,  613,  618,  678,  685 

Jaesche's  method,  616 

Letenneur's  operation,  616 

Shrady's  method,  618 

TagUacozzi's  method,  613 

von  Bruns'  operation,  617 

Weber's  operation,  618 
general  principles,  611 
on  cheek,  638 
on  ears,  718 
on  extremities,  627 
on  eyelids,  667 
on  face,  637 
on  hands,  630 
on  lips,  648,  652 
on  mouth,  665 
on  neck,  627 
on  nose,  679 
on  scalp,  628 
on  trunk,  627 
skin-grafting,  620 
Plastic  surgery  (and  see  Plastic  of)erations),  610 
as  applied  to  different  regions  of  the  body, 

627 
general  considerations,  610 
of  cheek,  638 
of  ears,  717 
of  extremities,  627 
of  eyelids,  667 

blepharoplasty,  672 

ectropion,  668 
of  face,  637 
of  hands,  630 
of  lower  lip,  652 
of  mouth,  665 
of  neck,  627 
of  nose,  679 

absence  of  nose,  717 

artificial  noses,  717 

flap  formation,  682 

increased  size  of  nose,  716 

prosthesis,  717 
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Plastic  surgery  of  nose,  repair,  703 
replacement,  691 
restoration,  693,  700 
saddle,  706 

supports  for  new  nose,  692 
of  scalp,  628 
of  trunk,  627 
of  upper  lip,  648 
prosthesis,  625 
replacing  a  lost  thumb,  633 
skin-grafting,  620 
transfer  of  severed  members,  624 
webbed  fingers,  634 
Pleura,  puncture  by  aid  of  local  anaesthesia,  245 
Pneumonia,  as  influencing  the  use  of  anaes- 
thetics, 225 
post-operative,  157 
Poliomyelitis,  anterior  (and  see  Paralysis,  In- 
fantile), 807,  867 
Pollock's  operation  of  disarticulation  at  the 

knee  joint,  345 
Popliteal  artery,  ligation  from  the  iimer  side  of 

the  thigh,  521 
Poroplastic  collar  for  Pott's  disease,  975 
Post's  (Alfred  C.)  operation  for  restoration  of 

lower  lip.  664 
Pott's  disease,  927 

abscess  in.  935,  947,  954 
administration  of  tuberculin  in,  959 
ambulatory  treatment,  964 
anatomical  considerations,  927 
attitude  in.  940,  943,  944,  945,  952 
Calot's  operation,  983 
care  of  patient  on  a  frame,  963 
complications,  947 
abscess,  947 
paraplegia,  950 
corset  for,  975 
deformity  in,  945 
diagnosis,  951 
dietetic  regimen  in,  959 
differential  diagnosis,  955 
distortion  of  aorta  in.  938 
elevation  of  ribs  in,  936 
etiology,  936 

influence  of  age,  937 
of  heredity,  938 
of  sex,  937 
of  trauma,  938 
gait  in,  940 
head  supports  for,  972 
historical  sketch,  927 
hygienic  measures  in,  958 
jury  mast  for,  972 
localization  of  disease,  938 
lordosis  in,  932 
mechanical  treatment,  960 
mediastinal  abscess,  treatment  of,  981 
medicinal  treatment,  959 


Pott's  disease,  Minerva  jacket  for,  969 
muscular  rigidity  in,  940 
nomenclature,  927 
occipital  support  for,  973 
operative  treatment,  982 

Calot's  operation,  983 
pain  in,  943,  954 
paraplegia  in,  950,  955 
treatment  of,  982 
pathology,  929 

abscess,  935 

compensatory  lordosis,  932 
"  gross  appearance,  929 

histological  structure,  931 

pehnc  changes,  933 

spinal-cord  changes,  934 

thoracic  changes,  933 

visceral  changes,  934 
pelvic  changes  in,  933 
plaster  corset  for,  970 
plaster-of-Paris  jacket  for,  964 

application  of,  by  suspension,  965 

in  hammock,  967 
poroplastic  collar  for,  975 
prognosis,  957 
psoas  abscess  in,  950 
recumbent  treatment,  961 
referred  pain  in,  944 
retro-cesophageal  abscess  in,  949 
retropharyngeal  abscess  in,  949 

treatment,  980 
sinuses,  treatment  of,  981 
Bier  method,  981 
spinal-cord  changes  in,  934 
steel  supports  for,  971 
supfKjrts  for.  choice  of,  976 

when  to  discontinue,  977 
symptoms,  939 

attitude  and  gait,  940 

deformity,  945 

muscular  rigidity,  940 

pain,  943 

referred  pain,  944 
Taylor  chin  cup  for,  973,  977 
Thomas  collar  for,  974 
thoracic  changes  in,  933 
treatment,  958 

administration  of  tuberculin,  959 

ambulatory,  964 

dietetic,  959 

hygienic,  958 

mechauical,  960 

medicinal,  959 

operative,  982 

recumbent,  961 
treatment  of  complications,  978 

of  abscess,  978 

of  mediastinal  abscess,  981 

of  paraplegia,  982 
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Pott's  disease,  treatment   of  retropharyngeal 
abscess,  980 
of  sinuses,  981 
"trinity  of,"  951 
visceral  changes  in,  934 
Pott's  paraplegia,    diagnosed    from    infantile 

paralysis,  824 
Pregnancy  and  parturition,  the  choice  of  an 

anaesthetic  in,  225 
Pregnancy  considered  as  a  contra-indication  to 

operating,  125 
Preparations  for  an  operation,  care  and  com- 
fort of  the  anaesthetized  patient,  148 
choice  of  anaesthetic,  147 
details   of   local   preparation   of  the 

patient,  132-134 
diagnosis,  as  based  upon  the  history 

and  physical  examination,  126 
drainage  material,  139 
dressings,  142 

general  preparation  of  the  patient,  131 
hands  and  gloves  of  operator  and  as- 
sistants, 135 
haemostasis,  149 
incision,  149 

instruments  and  suture  materials,  136 
isolation  of  the  operative  field,  150 
list  of  instruments,  appliances,  etc., 

that  may  need  to  be  carried,  147 
operating-room  at  hospital,  143 
operating-room  at  patient's  home,  144 
operation  itself,  and  the  care  of  the 
patient    during    and    immediately 
after  the  operation,  126 
prognosis  as   based   upon    age,    sex, 
occupation,      constitutional       and 
chronic  diseases,  127,  128 
prognosis  as  based  upon  habits  and 

temperament,  130 
sponges  and  pads,  138 
surgeon  and  assistants,  134 
survey  of  the  field,  150 
Pressure  bandages,  595-600 
Profunda  femoris  artery,  ligation  of,  519 
Prosthesis  in  plastic  surgery,  625-627 
Delanger's  method,  625 
Eckstein's  method,  625 
Gersuny's  method,  625 
Lermoyez's  method,  625 
risks  of,  626 
Pseudo-paralyses,    diagnosed    from    infantile 

paralysis,  825 
Psoas  abscess,  in  Pott's  disease,  950 
Psychical  torticollis,  805 
Pulmonary  conditions  as  centra-indications  to 

operating  and  to  general  anaesthesia,  120 
Pulmonary  embolism,  post-operative,  161-162 
Puncture,  exploratory,  its  objects  and  practice, 
600 


Puncture,  lumbar,  602 

Radio-ulnar  joint,  distal,  dislocation  of,  64 
Radius,  dislocation  of,  58 
backward,  61 
downward,  62 
outward,  62 
excision  of,  418 
Railway  spine  diagnosed  from  Pott's  disease, 

956 
Raoult's  operation  for  repair  of  septum,  704 
Rectum,  surgery  of,  with  local  anaestliesia,  250- 

252 
Rectus  capitis  anticus  major  muscle,  anatomy 
of,  788 
minor  muscle,  anatomy  of,  788 
Rectus  capitis  lateralis  muscle,  anatomy  of,  788 
Rectus  capitis  posticus  major  muscle,  anatomy 
of,  788 
minor  muscle,  anatomy  of,  788 
Referred  pain,  in  Pott's  disease,  944 
Renal    complications,    post-ana;sthetic,     their 

prophylaxis,  230 
Renal  disease,  as  influencing  the  choice  of  an- 
aesthetics, 226 
Rendle's  mask,  187 

Reparative  surgery  (see  Plastic  surgery),  610 
Replacement  of  nose,  691 
Resection  of  acromial  joint,  402 
of  clavicle,  402 

of  hip  by  anterior  incision,  as  recommended 
by  Hueter,   Barker,    Luecke,    and 
Schede,  432-434 
Kocher's  method,  432 
Langenbeck's  incision,  431,  432 
Sprengel's  incision,  432 
White's  posterior  incision,  430 
of  lower  jaw,  385 

complete,  387-389 

osteoplastic,  389 

partial,  386 

use   of  the  interdental    splint,   387, 

388 
use  of  Martin's  gutta-percha  jaw  and 
of  metal  splints,  389 
of  metacarpal  and  phalangeal  bones  and 

their  joints,  426 
of  ribs,  406 

of  sterno-clavicular  articulation,  402 
of  tarsus,  osteoplastic,  by  the  Wladimiroff- 

MikuHcz  method,  463 
of  temporo-maxillary  articulation  for  the 
relief  of  fixation  of  the  lower  jaw,  390 
of  upper  jaw,  osteoplastic,  with  Langen- 
beck's incision,  384,  385 
temporary,  the  term  defined,  372 
Respiratory  disturbances,  post-anaesthetic,  the 
several   affections   embraced    in    the   name 
ether  pneumonia,  229 
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Retention  of  urine,  post-operative,  158 
Retractor  bandages,  580 

Retrocollis.  due  to  low  dorsal  Pott's  disease,  783 
Retro-oesphageal  abscess  in  Pott's  disease,  949 
Retropharyngeal  abscess  in  Pott's  disease,  949 

treatment,  980 
Reverdin  method  of  skin  grafting,  620 
Rhachitic  spine  diagnosed  from  Pott's  disease, 

956 
Rheumatism,  diagnosed  from  infantile  paraly- 
sis, 826 
Rhinoplasty,  679 

Berger's  method,  686 

Blasius'  method,  683,  685 

Delpech's  method,  683 

Dieffenbach's  method.  681,  688 

Fabrizi's  operation,  688 

Finney's  method.  691 

formation  of  flaps,  682 

French  method  of  operation,  684 

Hardie's  operation,  690 

Helferich's  method,  685 

Indian  method  of  operation,  680 

Israel's  method,  689 

Italian  method  of  operation,  685 

Keegan's  method.  685 

Koenig's  method,  684,  692 

Kuester's  method,  689 

Labat's  method,  681,  683 

Landreau's  method,  681 

Langenbeck's  method,  683 

Linhart's  method,  683 

Lisfranc's  method,  681,  683 

N^laton's  method,  684 

Ollier's  method,  692 

Ombredanne's  method,  684 

Rotter's  method,  692 

Steinthal's  operation,  688 

Thiersch's  method,  685 

Vemeuil's  method,  685 

Vredena's  method,  690 

von  Graefe's  method,  683,  688 

von  Hacker's  method,  692 
Ribs,  dislocations  of,  28 

resection  of,  406 

as  done  under  local  anaesthesia,  245 
Richet's  operation  for  ectropion,  669,  670 
Riedel's  method  of  using  lateral  traction  in  re- 
duction of  forward  dislocations  of  the  hu- 
merus, 43 
Riedinger's    classification    of    congenital    de- 
formities, 733 
Rixford,  Emmet,  on  dislocations,  3 
Roberts'  operation  for  saddle  nose,  715 
Rodman,  John  Stew^art,  on  amputations  and 

disarticulations,  263 
Rodman,  WiUiam  L.,  on  amputations  and  dis- 
articulations. 263 
Roller  bandages,  varieties  of,  547-576 


Rose's  posture  for  extirpation  of  the  tongue, 
217 

Roser's  method  of  treating  dislocations  back- 
wards of  both  bones  at  the  elbow,  55 

Rotter's  method  of  rhinoplasty,  692 

Rouge's  method  of  restoring  lower  part  of  nose, 
703 

Roux's  disarticulation  at  the  ankle  joint,  332 

Sacro-iuac  synchondrosis,  strain  and  partial 

dislocation  of,  28 
Saddle  nose,  625,  706 

Czemy's  operation,  710 
Czerwinski's  operation,  715 
De  Page's  operation,  709 
Dieffenbach's  method,  707 

operations,  707,  714 
Ferguson's  method,  707 
Helferich's  operation,  712 
Israel's  operations,  708,  713 
Langenbeck's  operation,  714 
Mikulicz's  operation,  71 1 
Nelaton  and  Ombredanne's  operation,  709 
Neumann  and  Szymanowski's  operation, 

713 
Roberts'  operation,  715 
Schimmelbusch's  operation,  712 
Szymanowski's  operations,  713,  715 
Trendelenburg's  operation,  712 
von  Mangold's  operation,  708 
Sampson  of  Albany,  his  method  of  controlling 
hemorrhage  following  pelvic  ojjerations,  168 
Sandelin's  operation  for  restoration  of  lower 

Up,  660 
Sarcoma  of  spine,  diagnosed  from  Pott's  dis- 
ease, 955 
Satellite  veins,  described,  471 
Sayre's  (Lewis  A.)  apparatus  for  torticollis,  779 
Saj-re's  (Reginald)  apparatus  for  torticollis,  780 
Scalp,  plastic  surgery  of  the,  628 

Tillmanns'  method  of  bridging  a  defect  in, 
630 
Scaphoid,  dislocations  of,  67 

(navicular),  dislocations  of,  102 
Scapula,  congenital  elevation  of,  735 
excision  of  the  glenoid  angle  of,  405 
excision  of  entire,  403-405 
partial  excision  of,  405 
Scarification,  604 

Schimmelbusch's  operation  for  restoring  the 
cheek,  647 
operation  for  saddle  nose,  712 
Schinzinger's  method  of  reducing  forward  dis- 
locations of  the  humerus  by  rotation,  45 
Schleich's  system  of  anaesthetic  mixtures,  171 
Sciatic  artery,  Ugation  of,  510 
Scoliosis,  diagnosed  from  Pott's  disease,  956 
Scultetus,    abdominal,     of    adhesive    plaster, 
594 


1006 


INDEX. 


Sedillot's  method  of  repairing  septum,  705 
method  of  restoring  the  alae,  697 
modification  of  Pirogoff's  amputation,  334 
operation  for  restoring  upper  lip,  650 
Semilunar  bone,  dislocation  of,  66 
Semilunar  cartilages,  dislocations  of,  89,  90 
Senn's  bloodless  amputation  at  the  hip  joint, 
355 
operation    for    excision    of   the    shoulder 

joint,  400 
operation  for  restoring  upper  lip  and  face, 
651 
Septum  of  nose,  repair  of  lower  part  of,  703 
Serre's  operation  for  repair  of  septum,  703 

operation  for  restoration  of  lower  lip,  654 
operation  on  mouth,  667 
Shock,  choice  and  management  of  anaesthetics 
in,  226 
in  relation  to  time  of  amputation,  deduc- 
tions from  anaesthesia,  temperature,  ex- 
citement, etc.,  277 
Shoes,  proper,  880 

Shoulder- joint  amputation,  combined  circular 
and  vertical  method,  307 
Dupuytren's  operation,  307 
Larrey's  operation,  with  Farabeuf's 

modification,  306,  307 
methods,  303 
methods  of  controlling  hemorrhage, 

302 
Spence's  operation,  303-305 
congenital  dislocation  of,  738 

treatment,  740 
disarticulation  by  the  racquet  incision,  309 
disarticulation  of  arm  and  shoulder  girdle, 

anterior  incision,  311 
excision  of,  392-401 
infantile  paralysis  of,  818 
obstetrical  paralysis  of,  738 

treatment  of,  740 
resection  of,  for  unreduced  dislocation,  400, 
401 
Shrady's  method  of  transferring  flaps,  618 
Sickness,  post-anaesthetic,  its  prophylaxis  and 

management,  228 
Simon's  method  of  using  lateral  traction  in  re- 
ducing forward  dislocations  of  the  humerus,  43 
Simpson  as  introducer  of  chloroform  as  an  an- 
aesthetic, 169 
Skey's  modification  of  Lisfranc's  operation,  324 
Skin,  local  anaesthetization  of,  240 
Skin  grafting,  620-624 

Reverdin  method,  620 
Thiersch  method,  620 
Wolfe-Krause  method,  622 
Skin,  methods  of  filling  in  gaps  in  the,  614 
Sling  for  lower  extremity,  577 
for  upper  extremity,  576 
Smith's  (Noble)  operation  for  torticollis,  802 


Smith's  (R.  W.)  modification  of  Lisfranc's  op- 
eration, 324 
Smith's  (Stephen)  statistics  of  recovered  am- 
putations done  in  the  period  of  shock,  278 
Soluble-glass  bandages,  590 
Solutions  of  eucain  B  for  local  anaesthesia,  235 

for  local  anaesthesia,  Braun,  235 
Somnoforme  as  an  anaesthetic,  171,  207 
properties  and  mode  of  inhalation,  207 
signs  of  complete  anaesthesia  under,  208 
Somnoforme-ether  sequence  for  anaesthesia,  210 
Spanish  windlass,  263,  266 
Spasm,  spinal  accessory,  786 
Spasmodic  torticolUs,  767,  786 
Spastic  infantile  paralysis,  diagnosed  from  in- 
fantile paralysis,  823 
Spence's    operation    for    amputation    at    the 
shoulder  joint,  advantages  claimed  for  this 
method,  303-305 
Spermaceti,  in  plastic  operations,  625 
Spinal  anaesthesia.  Bier's  method  of  injection, 

259,  260 
Spinal   accessory   nerve,    neurectomy   of,    for 
torticollis,  800 
operations  on,  800 
Spinal  accessory  spasm,  786 
Spinal  column,  tuberculous  disease  of,  and  the 
deformities    resulting    therefrom    (and    see 
Pott's  disease),  927 
Spine,  anatomy  of,  927 

attitude  of,  in  stooping,  941 
caries  of  (and  see  Pott's  diseases),  927 
curvature  of,  angular  (and  see  Pott's  dis- 
ease), 927 
antero-posterior  (and  see  Pott's  dis- 
ease), 927 
curves  of,  928 
flexibihty  of,  942 

rigidity  and  flatness,  in  diseased,  943 
roundness  of,  in  stooping,  953 
Splay-foot  (and  see  Weak  foot),  872 
Splenius  muscle,  anatomy  of,  787 
Splint,  Bavarian,  description  of,  583 

Brown's  (Buckminster)  for  torticollis,  788, 

789 
plaster,  590 

retention,  for  torticollis,  785 
Spondyhtis  deformans  diagnosed  from  Pott'a 

disease,  956 
Spondylolisthesis  diagnosed  from  Pott's  dis- 
ease, 956 
Sponges  and  pads,  how  sterilized  and  prepared 

for  use  at  operations,  138 
Sprain  diagnosed  from  Pott's  disease,  956 

of  foot,  chronic,  880 
Starch  bandages,  590 

Starr,  Clarence  L.,  on  tuberculous  disease  of 
the  spinal  column  and  the  deformities  re- 
sulting therefrom,  927 
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Steel  brace,  Taylor's  (C.  F.),  971 
Steel  supports  for  Pott's  disease,  971 
Steinthal's  operation  for  rhinoplasty,  688 
Stemo-cleido-mastoid  muscle,  anatomy  of,  787, 
788 
section  of,  for  torticollis,  774 
tenotomy  of,  for  torticollis,  774 
Stewart,  George  D.,  on  Torticollis,  767 
Stiff-neck,  treatment  of,  785 
Stimson,  Lewis  A.,  statistical  tables  of  dislo- 
cations, quoted  from,  11-13 
method  of  reduction  of  backward  dislo- 
cations of  the  hip,  79 
method  of  using  lateral  traction  in  reduc- 
ing forward  dislocations  of  the  humerus, 
43,  44 
theory  of  congenital  dislocations,  734 
Stokes'    supracondyloid    amputation    at    the 

knee  joint,  347 
Stomach,  acute  dilatation   of,  post-operative, 

154 
Stone,  James  S.,  article  on  Plastic  surgery,  610" 
Stooping,  attitude  of  spine  in,  941 

roundness  of  spine  in,  953 ' 
Stovain  as  a  local  ansesthetic,  233 

as  used  for  spinal  anaesthesia,  259 
Stiunp,  conical,  causes  of,  269 

its  ability  to  withstand  pressure  and  pres- 

siu^stretching,  268 
requisites  of  a  sers-iceable  one,  269 
Subastragaloid     amputation     by     Farabeuf's 
method,  329 
disarticulation  by  Vemeuil's  method,  328 
disarticulation,  the  racquet  operation  of 

Maurice  Perrin,  328 
dislocation  (luxatio  sub  talo),  98 
Subclavian  artery,  ligature  of,  493-495 
Substitutes  for  cocaine  as  local  ana?sthetics,  233 
Suppression  of  urine,  post-operative,  159 
Suppuration  of  the  knee  joint  as  an  indication 

for  excision,  438 
Surgeons  and  assistants,  their  personal  prep- 
arations for  an  operation,  134 
Surgery,  orthopedic,  729 

Sylvester's  method  of  artificial  respiration,  196 
Syme's  amputation,  271 

modification  of  the  circular  amputation  of 

the  thigh,  349 
operation  for  disarticulation  at  the  ankle 

joint,  329-332 
operation,  instruments  required  and  de- 
tails of  the  procedure,  330 
operation  for  restoration  of  lower  lip,  657 
Syndactylism,  634 

Syphilis  as  a  cause  of  pathological  dislocation, 
8 
diagnosed  from  Pott's  disease,  955 
Syringes  and  needles,  for  injections  for  spinal 
anaesthesia,  258,  259 


Szymanowski's  method  of  blepharoplasty,  675 
of  restoring  lower  part  of  nose,  703 
operation  for  ectropion,  670 

for  making  an  external  ear,  719 
for  saddle  nose,  713,  715 

Tablets  for  use  in  local  anaesthesia,  and  ster- 
ilization of  them,  235 
Tagliacczzi's  method  of  plastic  surgery  (and 

see  ItaUan  method),  613 
TaUpes,  896 

acquired,  897,  913 

arthrodesis  for,  921 
etiology,  914 

relative  frequency  of  forms  of,  914 
tendon-transplantation  for,  920 
treatment,  917,  920 
calcaneo-valgus,  897 
calcaneo-varus,  897 
calcaneus,  897 

acquired,  919,  922 

arthrodesis  for,  923 
correction  of  deformity  in.  923 
operations  for  advanced  deform- 
ity, 924 
tendon  shortening  for,  923 
tendon  transplantation  for,  923 
treatment,  923 

Whitman's  operation  for,  924 
congenital,  912 
in  infantile  paralysis,  815,  818,  820, 

831 
Judson's  brace  for,  920 
paralytic,  919 
ca\'us,  Lorenz's  method  of  reduction,  906 
congenital,  897 

astragalectomy  for,  909 

compUcations,  911 

cuneiform  osteotomy  for,  911 

etiology,  897.  898 

Eschricht  and  Berg's  theory  of,  898 

forcible  manual  correction  of,  904 

Lorenz's  method  of  reduction,  906 

Phelps'  operation  for,  908 

relative  frequency  of  forms  of,  899, 

914 
treatment,  900 
varieties,  897 
equino-valgus,  897 
treatment,  918 
equino-varus,  897,  899 
brace  for,  831 

forcible  manual  correction,  904 
in  infantile  paralysis,  815,  819,  830 
treatment,  900,  918 
equinus,  897 

acquired,  916 

treatment,  917 
in  infantile  paralysis,  815,  823 
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Talipes,   equinus,   Lorenz's  method  of  reduc- 
tion, 906 
paralytic,  917 
reduction  of,  906 
etiology,  897 
valgus,  897,  926 
congenital,  912 

in  infantile  paralysis,  815,  816,  831 
varus,  897 

in  infantile  paralysis,  815,  817 
Lorenz's  method  of  reduction,  906 
reduction  of,  906 
Tamponades  and  drains,  539-542 
Tarsal  bones,  dislocations  of  individual  ones,  100 
Tarso-metatarsal  articulations  as  grouped  by 

Henry  Morris  into  three  joints,  321 
Tarsus,  resection  of,  463 
Taylor  chin  cup,  for  Pott's  disease,  973,  977 
club-foot  brace,  910 
club-foot  shoe,  830,  831 
steel  brace,  971 
T-bandage,  abdominal,  or  abdominal  binder, 
578 
of  chest,  578 
single  and  double,  577 
Teale's  amputation  of  the  leg,  with  a  large  an- 
terior flap,  337 
Teething  paralysis,  807 
Temporo-maxillary   articulation,    excision   of, 

391 
Tendon  shortening  for  acciuired  talipes  cal- 
caneus, 923 
Tendon  transplantation  for  acquired  talipes, 
920 
for  acquired  talipes  calcaneus,  923 
for  infantile  paralysis,  836 
Lange's  method,  836,  841 
Vulpius'  method,  836 
Tenotomy,  for  infantile  paralysis,  834 

Willett's  method,  835 
Thiersch's  method  of  rhinoplasty,  685 
method  of  skin  grafting,  620 
applying  the  grafts,  620 
cutting  the  grafts,  620 
dressings,  622 

preparation  of  the  field,  620 
Thigh,   amputation  of,   by  equal  antero-pos- 
terior  flaps,  349 
by  equal  lateral  flaps  (Vermale),  349 
by  the  long  anterior  and  short  pos- 
terior flaps  (P'arabeuf),  349 
immediately  above  the  knee  joint,  345 
Syme's   modification  of  the  circular 
method,  349 
circular  amputation  of,  347 
hyperextension  of,  normal,  952 
Thomas'  brace  for  knock-knee,  864,  865,  866 
collar,  for  Pott's  disease,  974 
wrench,  for  talipes,  907 


Thompson's  operation  for  restoration  of  alae, 

695 
Thrombosis  and  embolism,  post-operative,  160 
Thumb,  amputations  and  disarticulations  of, 
285 
dorsal  dislocation  of,  68,  69 
Nicoladoni's  operation  for  replacing  lost, 

633 
simple   and   complicated  dislocations  of, 
treatment,  68-71 
Thyroidectomy,  choice  of  anaesthetic  for,  218 
Tibia,  dislocations  of,  85 
excisions  of,  455 
osteoplastic  operations  on,  457 
Tillmanns'  method  of  bridging  a  defect  in  the 

scalp,  630 
Toe,  Morton's,  886 
Toes,  amputations  of,  312-316 

dislocations  of,  104 
Tongue,   Bartlett's   use   of,    in   repairing  the 

cheek,  639 
TorticoUis,  767 

acquired,  767,  781 
deformity  in,  783 
diagnosis,  784 
etiology,  782 
pain  in,  784 
pathology,  783 
prognosis,  785 
symptomatology,  783 
treatment,  785 
apparatus  for  after-treatment  of,  780 
Bratz's  retention  splint  for,  785 
Brown's   (Buckminster)   splint  for,    788, 

789 
classification,  767 
congenital,  767 

clinical  history,  770 
deformity  in,  770,  771 
diagnosis,  772 
etiology,  767,  770 
pathology,  767 
prognosis,  773 
treatment,  773 

apparatus    for    after-treatment, 

780 
maintenance  of  reduction,  779 
open  operation,  774 
subcutaneous  tenotomy,  774 
habit,  806 
irregular,  767,  804 
habit,  806 
mental,  806 
ocular,  806 
paralytic,  804 
physiological,  806 
psychical,  805 
meaning  of  the  term,  767 
mental,  806 
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Torticollis,  occupation,  783 
ocular,  806 
paralytic,  804 
physiological,  806 
psychical,  80o 
retention  dressing  for,  778 
SajT^'s  apparatus  for,  779,  780 
spasmodic,  767,  786 

action  of  muscles  in,  788 

anatomy  of,  786 

course  of  disease,  798 

diagnosis.  798 

etiologj'.  793 

incisions  employed  in  operations  for, 

790 
mechanical  treatment,  799 
medicinal  treatment,  798 
operative  treatment,  799 
Keen's  operation,  802 
Kocher's  operation.  800,  803 
muscle  section,  800.  803 
neurectomy,  800 
neurotomy,  800 
Smith's  (Noble)  operation,  802 
tenotomy.  800 
pathology.  794 
prognosis,  804 
results,  80^1 
symptoms,  796 
volimtary  habit,  783 
Tourniquet,  india-rubber,  its  application,  596 
Trachelo-mastoid  muscle,  anatomy  of.  787 
Tracheotomy,  choice  of  anaesthetic  for,  218 

by  local  anaesthesia,  244 
Transfusion  of  blood,  direct,  Crile's  method  of, 

607-609 
Transverse  myelitis,  diagnosed  from  infantile 

paralysis.  824 
Trapezius  muscle,  anatomy  of.  787 
Treatment.  f)ost-operative,  151 

of  uncomplicated  cases.  151 
Trelat's  operation  for  restoration  of  lower  lip, 

658 
Trendelenburg  fixtures,  portable,  146 
Trendelenburg's  operation  for  saddle  nose,  712 
Triangles  of  neck,  790 
"Trinity  of  Pott's  disease."  951 
Tripier's  operation  with  section  of  the  calca- 
neus, 326 
Tropococain  as  a  local  anaesthetic,  233 
Trunk,  congenital  dislocations  of,  735 
plastic  surgery  of,  627 
posterior  aspect  of.  infantile  paralysis  of, 
817 
Tubby's  classification  of  congenital  deformi- 
ties, 733 
Tuberculin,  use  of,  in  Pott's  disease,  959 
Tuberculosis  as  a  cause  of  pathological  luxa- 
tion, its  treatment.  8 
VOL.  rv. — 64 


Tuberculosis  as  an  indication  for  excision  of 
the  elbow  joint,  statistics  of  Koenig  and 
Kocher,  407 
of  knee  as    an    indication   for    excision, 
the  question  of  amputation,  437 
as  an  indication  for  excision,  the  use 
of  modern  technique  and  sharp  dis- 
section as  influencing  its  employ- 
ment, 435,  436 
as  indicating  excision,  age  and  social 

position  as  factors,  436 
as  an  indication  for  excision,  the  stage 
of  the  disease  as  a  guide,  437 
of  shoulder  joint  as  an  indication  for  ex- 
cision, 395 
Tuberculous  abscess,  treatment  of,  978 
Tuberculous  disease  of  the  spinal  column,  and 
the  deformities  resulting  therefrom  (and  see 
Pott's  disease),  927 
Tumors  of  the  head  of  the  humerus  as  indica- 
tions for  excision,  396 
Twisting  the  foot,  for  flat  foot,  885 
Tj-phoid  spine,  diagnosed  from  Pott's  disease, 
955 

Ulxa,  diastasis  of  the  head  of,  64 

isolated  dislocation  of,  at  the  elbow,  58 
Umbrella  tamf>on,  539 
Upper  extremity,  infantile  paralysis  of,  818 
Upper  lip,  plastic  surgery  of  the,  648 

Vacctn'ation,  603 

Vaccination,    cupping,    venesection,    transfu- 
sion, hj-podermoclysis  and  other  minor  sur- 
gical procedures,  603-609 
^'an  Verts'  operation  for  restoring  the  cheek, 

647 
Vascular  apparatus,  its  conditions  as  influence 
ing  the  choice  and  dangers  of  operation.  113- 
115 
Vaseline,  use  of,  in  plastic  operations,  625 
Veins,  lateral  ligation  of,  535,  536 

lateral  Ugature  of,  Braun's  statistics,  536 
ligature  of,  in  their  continuity,  operative 

technique.  528 
temporary    hgation    of,    and   ligation    of 

veins  en  masse,  536 
various,  operative  procedures  upon,  535 
Venesection,  605,  606 
Vemeuil's  method  of  rhinoplasty,  685 

operation   of   subastragaloid  amputation, 
328 
Vertebrae,  anatomy  of,  929.  931 

caseation  of,  in  Pott's  disease,  932 
diastasis  of,  19 
dislocations  of  the.  18 
Vertebral  artery,  Ugature  of,  495.  496 
Vertebral  column,  anatomy  of,  927 
"Vincula  accessoria"  defined,  280 
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Volkmann  block,  how  used,  546 
Voluntary-habit  torticoUis,  783 
von  Bruns'  modification  of  Pirogoff's  amputa- 
tion, 334 
operation  in  plastic  surgery,  617 
for  restoration  of  lower  lip,  662 
von  Graefe's  method  of  rhinoplasty,  683,  688 

operation  for  ectropion,  670 
von  Hacker's  method  of  rhinoplasty,  692 
von  Mangold's  operation  for  saddle  nose,  708 
von  Siklossy's  operation  (blepharoplasty),  675 
Vredena's  method  of  rhinoplasty,  690 
Vulpius'   method   of  tendon  transplantation, 
836,  837,  838,  839 

Walking,  attitudes  in,  874 

Ware's  ethyl -chloride  inhaler,  205 

Watts'  operation  for  restoration  of  lower  lip, 

664 
Weak-foot,  872,  875 

diagnosis,  878 

etiology,  875 

symptoms,  877 

treatment,  880 

twisting  the  foot  for,  885 

types  of,  879 

Whitman's  brace  for,  883 
Webbed  fingers,  634 

Diday's  operation  for,  635,  636 

Didot's  operation  for,  635 

N^laton's  operation  for,  635 
Weber's  method  of  restoring  the  alae,  697 

operation   for    flap   formation,  in   plastic 
surgery,  618 


Whitacre,  Horace  J.,  on  excisions  of  bones  and 

joints,  367 
Whitman  (Royal)  on  deformities  and  disabili- 
ties of  the  lower  extremities,  848 
Whitman's  brace  for  weak-foot,  883 
frame  for  Pott's  disease,  962 
method  for  overcoming  flexion  deformity, 

452 
peration  for  talipes  calcaneus,  924 
Willett's  method  of  tendon-lengthening,  835 
Wire  cuirass,  for  Pott's  disease,  964 
Wladimiroff-Mikulicz  osteoplastic  resection  of 
the  foot,  334 
osteoplastic   resection   of    the  tarsus,  re- 
sults, 464 
Wolfe-Krause  method  of  skin  grafting,  622 
Wrist,  congenital  dislocation  of,  742 
Madelung's  deformity,  743 
treatment,  746 
disarticulations  at,  287 
dislocations  of,  64 
excision  of,  419-426 
infantile  paralysis  of,  818 
Madelung's  deformity  of,  742,  743 
Wry-neck  (and  see  Torticollis),  767 

diagnosed  from  Pott's  disease,  956 
Wyeth's  method  of  hsemostasis  as  apphed  to 
amputation  at  the  hip  joint,  352 
method  of  hsemostasis  as  applied  to  an 
amputation  at  the  shoulder  joint,  302 

Young's    theory    of     congenital     deformities, 
734 
of  congenital  dislocations,  734 
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